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Proposed Semester wise PG Scheme w.802-23 Sessbn

SEMESTER - |
NSO' Course Type Course ID Course Name Credit LTP
1. | Program Core | MER1101 | Finite Element Methods in Engineering 3 2-0-2
2. | Program Core Il MER1102 | Advanced Manufacturing Technigues 3 2-0-2
MER1103 | Vibration and Noise Control 3-0-0/
3. | Program Core lll | MER1104 | Surface Engineeririg 3 2-0-2/
MER1105 | Advanced Heat Transfer 3-0-0
e . .
4. | Deptt. Elective | List of departmental electivand open electiveourses 3
are appended.
i Engineering Mathematics (NCB) A
> EMR1010 MathematicaModelling and Simulation 3 2-0-2
6 i SCR1001/ | Soft Computing/ 3
' SMR1001 | Soft Skills & Management
Total 18
SEMESTER- I
Nso. Course Type Course ID Course Name Credit LTP
1. | Program Core IV| MER1106 | Computational Fluid Dynamics 3 2-0-2
2. | Program Core V | MER1107 | Mechanical Behaviour of Materials 3 3-0-0
MER1108 | MEMS and Micro System Design
3. | Program Core VI| MER1109 | Industrial Automatioh 3 3-0-0
MER1110 | Micro-fluidics
T . -
4. | Deptt. Elective I List of departmental elective and open elective cours 3
are appended.
5. | Open Elective | ** Elective course from other department 3
Design of Experiments & Research
6. MER1001 Methodology (NCB) 3 2-0-2
7. |- MER4001 | Industrial Tour 0
Total 18




SEMESTER - Il

NSo. Course Type Course ID Course Name Credit LTP
1. MER5001 | Seminar and Report Writing 2
2. RPR6001 | Research and Publication Ethics 2
3. MER7001 | Dissertation | 14
Total 18
SEMESTER - IV
NSc; Course Type Course ID Course Name Credit LTP
1. MERS8001 | Dissertation Il 18
Total 18
Note:

1 Industrid tour will be held in winter vacation aftef semester and it will be recorded itf &mester.

1 In the first and second semester, at least one of the Department Courses should have laboratory component
Abbreviation

CB: Circuital branches

(CSE, CSISElectrical, ElectronicsVLSI, Healthcare, Energy System)

NCB: Non-Circuital branches

(Aerospace, Environmental, Transportation, Water Resources, Structural, Mechanical, IMM &
Production)



LIST OF DEPARTMENT ELECTIVE COURSES

S. No. CourselD Course Name Credit LTP
DEPARTMENT ELECTIVE -1
1. MER1201 Advanced Mechanisms and Machines 3 3-0-0
2. MER1202 Fracture Mechanics and Fatigue 3 3-0-0
3. MER1203 Experimental Stress Analysis 3 3-0-0
4, MER1204 Vehicle Dynamics 3 3-0-0
5. MER1205 Principles of Product Degin 3 3-0-0
6. MER1206 Computer Aided Manufacturing 3 2-0-2
7. MER1207 Precision Engineering 3 3-0-0
8. MER1208 Composite Materials 3 2-0-2
9. MER1209 Manufacturing Management and Logistic Systemn 3 2-1/2-2/2
10. MER1210 Convective Heat and Mass Transfer 3
11. MER1211 Design of Thermal Systems 3 3-0-0
12. MER1212 Advanced Automotive Technology 3 2-0-2
13. MER1213 Micro-Nano Scale Heat Transfer 3 3-0-0
DEPARTMENT ELECTIVE -2
1. MER1251 Computer Aided Design 3 2-0-2
2. MER1252 Mechanics of Composites Materials 3 3-0-0
3. MER1253 Work Station Design and Neukrgonomics 3 3-0-0
4, MER1254 Rotor Dynamics and Condition Monitoring 3 3-0-0
5. MER1255 Kinematic and Dynamics of Robots 3 3-0-0
6. MER1256 Computer Integrated Design and Manufacturing 3 3-0-0
7. MER1257 Micro and Nano Manfacturing 3 2-0-2
8. MER1258 Advance Metal Cutting 3 3-0-0
9. MER1259 Digital Manufacturing 3 3-0-0
10. MER1260 Two Phase Flow Heat Transfer 3 3-0-0
11. MER1261 Advanced automotive Combustion and Emission 3 3-0-0
12. MER1262 Thermal System Modelling and Simulats 3 2-1/2-2/2
13. MER1263 Power Plant Engineering 3 3-0-0
14. MER1264 Thermal Energy Storage Technologies 3 3-0-0




LIST OF OPEN ELECTIVE COURSES

S. No. Course ID Course Name Credit LTP
1. MER 3001 System Dynamics and Control 3 3-0-0
2. MER 3002 Smart Materls and Structures 3 3-0-0
3. MER 3003 Hydraulic and Pneumatic Control Design 3 3-0-0
4, MER 3004 Tribology & Lubrication 3 3-0-0
5. MER 3005 Non-Conventional Energy Resources 3 3-0-0
6. MER 3006 Advanced Unconventional Energy Resources 3 3-0-0
7. MER 3007 Expeaimental Methods for Engineers 3 3-0-0
8. MER 3008 Thermal Management of Engineering Systems 3 3-0-0
9. MER 3009 Solar Thermal Energy 3 3-0-0
10. MER 3010 Numerical Analysis Techniques 3 3-0-0
11. MER 3011 Thermal Management of Buildings 3 2-0-2
12. MER 3012 Prodict Design and Development 3 3-0-0
13. MER 3013 Reliability and Maintenance Engineering 3 3-0-0
14. MER 3014 Operation Research and Simulation Techniques 3 3-0-0
15. MER 3015 Total Quality Management 3 3-0-0
16. MER 3016 Optimization Techniques in Engineering 3 3-0-0




Program Core Courses



Course Name : FINITE ELEMENT METHOD IN ENGINEERING
Course Code : MER1101

Credits : 3

LTP : 2-0-2

Course Objectives:

1.To learn basic principles of finite element mettamda numerical tool in engineering analysis& deg
procedure.

2.To lean the theory and modeling of finite elements that represent engineering structures.

3.To learn finite element solutions to structural & dynamic problems through HJoanded simulatior|
exercises.

4.To impart the knowledge and skills needed to effectivelyusttaland interpret finite element analysi

Total Hr. of Lecturesi 28
Total Hr. of Laboratory 1 28

Lecture wise breakup No. of
Lectures

INTRODUCTION & REVIEW OF CONCEPTS: Introduction to FEM and historicd 5
background, Brief overview of the steps used~EM, Various approaches to formulg
elemental equations, Difference among FEM, FDM and closed form solutions, N
study FEM, Review of the concept of stresses, strains, displacements and their rg
1 | Von-Mises stresses, equilibriums, boundapnditions, temperature effect, Concept :
application of Minimum Potential energy method, Rayleigh Ritz method, Galerkin Me
Matrix algebra and its different operations, Special feature of matrix algebra useful tg
Eigen values and Eigen vectoPgsitive definite matrix, Gauss elimination method to s(
large linear equations.

1-D PROBLEMS: Introduction, finite element modelling using bar element, sk 5
functions, Iso, super and sub parametric FEM formulation, Potential energy apprd
2 | solve 1-D problems, assembly of elemental equations, Properties of global stiffness

types and applications of boundary conditions, higher orderelement and their shay
functions, its application to-D problem, Accounting of temperature effattliD problems.

TRUSSES PROBLEMS: Introduction, 2D and 3D trusses, concept of local and glot 3
3 | coordinate system and its transformation matrix, solution-bf &hd 3D trusses, streg
calculations, Accounting of the temperature effect.

2-D PROBLEMS USING CONSTANT STRAIN TRIANGLES : Introduction, finite 4
element modelling using CST elements and shape functions, Potential energy af
solution of 2D problems, Accounting of temperature effect, Problem modelling
boundary conditions for symreeal problems

2-D ISO-PARAMATRIC ELEMENTS AND NUMERICAL INTEGRATION: 5
Introduction, Fownoded quadrilateral elemebased FE Modelling and its solutio
5 | Numerical integration, Concept of weights and Gauss points and its values, Forridl
& 3-D numerical integration and applications, Higher order quadrilateral and triar|
el ements and itds numerical integrati

BEAMS AND FRAMES: Introduction, Potential energyased FE formulation using beg 3
6 | and frame elements, Boundary consideration, rssteass and bending moment, beams
elastic supports, plane framesD3rames.

DYNAMIC PROBLEMS: Introduction, mass matrix as used in the FEM, elemental 3
7 | matrix for different types of elements as studied above, Evaluation of Eigen valu
Eigen vector®




List of experiments No. of

Lab Hrs
1 | Usingsuitable software packagearryout the stress analysis of circular hole in a rectan 2
plate of constant thickness
2 | Determine the displacements and stresses in a bike crank using/8Dapgbilities in 2
suitable software package
3 | Using suitable software packagealculate the following for a cantilever beam un 2

transverse loading (a) Deformation of the beam, (b) Maximum bending stress alg
beam and (c) Bending moment along bleam

4 | For a plane frame structure, determine usinigable software packagé) The deforme 2
shape of the frame, (b) Thacation in the frame that undergoes the maxinotal
deflection (c) The maximum shear force and axial force in spah andd) The bending
moment at each span endpoint

5 | Fora Stepped Shatinderaxial tensiondetermine the stress concentration usingable 2
software package

6 | For a fixedend Aluminium cantilever-beam under poidbaded at its tip determine 2
directiona deformations and normal stresses usinigable software package

7 | Determine thdnoop, axial and radial stresses in thicklled pressure vesselsingsuitable 2

software package

8 | Carry out stress analysis for fapmint bend test on a-Beam 2
9 | Carry out 3D analysis of combined loading of a signpost usiiigable software package 2
10 | Usingsuitable software packagminimize the volume of the plate by optimizing radiug 2
of hole in the plate while staying underneath a given maximum Von Miass st
11 | Usingsuitable software packagearry out thecantilever beam modal analysis 2
12 | Find the first 6 modes of vibration of the air foil wing usguitable software package 2
13 | Using suitable software package carry out heat conduction innaley! 2
14 | Carry out 2D steady conduction in a rectangular dommsiimgsuitable software package 2
Sr. Course outcome Knowledge Level
No. | By the end of this course, the student will be able to: (Blooms Level)
1 Recall the concepts of stresses, straiisplacements, matrix algebra. L1
2 Understand & apply the concepts behind various formulation methods u L2, L3
FEM.
3 Select suitable type of elements for a problems and generation of L5
eguations.
4 Analyze and apply boundary condit®rio form global equations for i L3, L4
solutions.
5 Interpret the output of FEM based software in more meaningful manner. L2
6 Ability to create model and simulate various machine elements for enging L6
analysis.
Suggested Books:
sr. . vear  of
NoO Name of Book/ Authors/ Publisher Publl_catlon/
' Reprint
1 Introduction to Finite Elements in Engineering, Chandrupatala & Belegufided.4 2015
Pearson.
2 Finite Element Method, J. N. Reddy2d., McGraw Hill. 1993
3 Concept & Application of Firie Element Analysis, Cook et al! EBd., John Wiley. 2004
4 The Finite Element Method for Engineers, Huebner et dled3 John Wiley. 1982
5 Finite Element Analysis (Theory & programming), C. S. Krisnamoortffie@, Tata 2004
McGraw Hill.




6 http://nptel.ac.in/courses/105105041FEM Course by Prof. S.K. Bhattacharyy.
Dr. D. Maity ,IIT Kharagpur
CO-PO & CO-PEQ Articulation Matrix

PO1 PO2 PO3 PEO1 PEO2 PEOS3 PEO4 PEOS
co1l 2 1 2 2 3 3 1 3
Cco2 2 1 2 2 3 3 1 3
COo3 2 1 3 2 3 3 1 3
CO4 3 2 3 3 3 3 2 3
CO5 3 2 3 3 3 3 2 3
CO6 3 2 3 3 3 3 2 3

Note: Level to be filled in the above table
1: Slight (Low)
2: Moderate (Medium)

3: Substantial (high)

. None
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http://nptel.ac.in/courses/105105041/

CourseName . | ADVANCE MANUFACTURING TECHNIQUES
Course Code : MER1102

Credits : 3

LTP : 2-0-2

Course Objectives: To impartthe knowledgeof

1. Surfacemadification,PVD, CVD, cladding,diffusionanddiamondcoating.

2. Rapidprototyping,hybrid andmicro machining.

3. Advancemechanical,thermal,chemicalandelectrochemicahon-conventionamachining.
4, Advancefinishing processaindfabricationof microelectroniaevices.

Total Hr. of Lecturesi 28
Total Hr. of Laboratory - 28

Lecture wise breakup No. of
Lectures

1 |INTRODUCTIO N: Advancedmanufacturing processes related to-émpvn and bottorup 3
approacheg&lectro forming, Physical and chemicalvapour deposition, Thermal spraying
lon implantationdiffusion bonding diamondcoatingandcladding.

2 INON-TRADITIONAL  MACHINING: USM, AWJM, ECM, ECG, Electrochemic 6
deburringandhoning EDM, WEDM, LBM, EBM, PAM; Principles, mechanics of mater
removal rate, performanobaracterizatiorgffectof procesparametersn MRR andsurface
finish, capabilities)imitationsandapplicationsfor above processes

3 |HYBRID AND MICRO MACHINING: Concept of micro and hybrichachining,micro- 6
turning, micro-milling, micro-drilling, micro EDM, micreWEDM, micro ECM: Proces
parameters, MRR, performancharacterizationparametriceffect, cgabilities, limitations
and applications. ECSM, TWECDM, LAECSM, Process description, performance
characterizatiorparametriceffect, capabilitiesJimitationsand applications

4 |RAPID PROTOTYPING: Principles and advantages Steredithography, FDM, SLS 4
factors effecting the responseof RP, Accuracy and Economic considerations.

5 |ADVANCE FINISHING PROCESS: AFM, ECDG MRAFF, MFP, EEM, CMP: 5
Process descriptiomechanic®f finishing, performancecharacterizatiorparametriceffect,
capabilities)imitations andpplications.

6 |FABRICATION OF MICROELECTRONIC DEVICES: Crystal growth and wafer 4
preparation, Film Deposition oxidation, Print€ircuit boards,computeraided designin
microelectronics, Integrated circuit and surface mount technology, E-Manufacturing
nanotechnologgndMEMS.

List of Experiments: Number

of hours

1 Design and fabricain of a hybridmachining setup and validity test. 8

2 To carryout the experiment DM/ First drill EDM to generate micrdrill hole on 4

aluminum and iro.

3 To carryout the experiment on ECSM to generate mioote on ceramic/ electrically 4

nonconductive materials.

4 To carryout the experiment on AFM to generate ndinesh surface on cylindrical work 8

piece and measure the surface roughnessidodi 130A instrument.

S Experiment on FDM and analysis. 4

11



Knowledge Level

CO Course outcome (Blooms Level)

CO1 |Understand the philosophies of advanced and modern manufacturing L1

CO2 |Plan and apply the concept of amaditional and hybrid machingn L2

CO3 |Analyse the effects of various process parameters on process performar L3
characteristics.

CO4 | Ability to design, fabricate, and carryout the test physically on developed L4
setup.

CO5 |Ability to decide the appropriate manufacturing proce$sequality finishing i L5
nano domain.

CO6 |Adapt emanufacturing, nanotechnology and MEMS for fabricatior L6

microelectronic devices.

Suggested Books:

S. Name of Book/ Authors/ Publisher Year of Put_)llcatlon/
No. Reprint

1. | Manufacturingengineeing andTechnologyKalpakijian, AdissonWesley 1995

2. | ProcesandMaterialsof ManufacturingR. A. Lindburg,4th edition, PHI 1990

3. | Foundatiorof MEMS, ChangLiu, Pearsorpublications. 2012

4. | AdvancedMachiningProcessed/.K.Jain,Allied Publicdions 2007

5. | Introductionto ManufacturingProcesseslohnA ScheyMc GrawHill 2012

CO-PO & CO-PEQ Articulation Matrix
PO1 PO2 PO3 PEO1 PEO2 PEO3 PEO4 PEO5

co1 3 2 2 1 3 3 3 2
CO2 3 3 3 2 1 2 1 -

CO3 3 2 1 3 - 2 2 2
CO4 1 2 3 2 1 - 2 -
CO5 2 3 2 3 1 3 3 1
CO6 2 1 2 2 2 1 1 2

Note: Level to be filled in the above table
1: Slight (Low)

2: Moderate (Medium)

3: Substantial (high)

-: None
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Course Name : VIBRATION AND NOISE CONTROL

Course Code : MER1103

Credits : 3

LTP ) 3-0-0

Course (bjectives: In this course, the student should be able to understand

1 Theoretical and practical aspects of noise and vibration.

About the sources of vibration and noise in mechanical systems.

2
3 About the measurement techniques and instruments usetlisiry.
4 Make design modifications to reduce the vibration and noise

Total Hr. of Lectures- 42

Lecture wise breakup No. of
Lectures

INTRODUCTION: Review of vibration theory, one degree, two degrees, and-n

degrees of freedom vibration systems. 3

VIBRATIONS UNDER GENERAL FORCING CONDITIONS: Response unde
2 periodic force of regular and naagular form, nofperiodic force using Convolutio 7
Integral and Laplace transform.

MEASUREMENT AND ANALYSIS OF VIBRATIONS: Vibration measuring an
3 analzing instruments. Various types of transducers, data acquisition system, vil 6
analysis techniques.

VIBRATION CONTROL: Reduction of Vibration at the Source, Vibration Isolati
Vibration absorbers, active and semative vibration control systesn

FUNDAMENTALS OF NOISE: One dimensional wave equation, Sol
5 propagation in & space, important acoustic quantities and their relations, ad 6
effects of sound.

MEASUREMENT OF SOUND: Various types of transducers, measuremen

6 : . 6
sound presse, sound intensity and sound power.
7 NOISE CONTROL: Principles of passive noise control, sound absorption, 1 7
barriers, and active noise control.
Sr. Course outcome Knowledge Level
No. | By the end of this course, the student will be able to: (Blooms Level)
1 | Review the fundamentals of vibrations and sound. L1
2 | Evaluate the vibration under general forcing condition. L5
3 | Measure, analyze and control vibrations in a machine. L2, L4
4 | Design and develop vibration and noise control systems. L6
5 | Apply the vibration and noise standards on engineering systems. L3
Suggested Books:
Sr . Year. . of
NO‘ Name of Book/ Authors/ Publisher Publl_catlon/
' Reprint
1 Mechanical Vibrations, S. S. Rao, Pearson Education Inc. 2017
2 Mechanical Vibrations, V. FSingh, Dhanpat Rai & Sons, Delhi 2012
3 Fundamental of Vibrations, Leonard Meirovitch, {&caw Hill Inc. 2001
4 Noise control in industry: a practical guide, Cheremisinoff, Nicholas, Noyes 2003
Publications, New Jersey.
5 Fundamentals of noise and viboas analysis for engineers, Norton, M.P and 2003
Karczub, D.G, Cambridge University press, New York.
6 Fundamentals of noise and vibration, Fahy, Frank and Walker, John, Taylq 1998
Francis, London.

13



CO-PO & CO-PEO Articulation Matrix

PO1 PO2 PO3 PEO1 PEO2 PEO3 PEO4 PEO5
Co1 1 - 1 1 1 1 - -
CO2 2 - 2 2 2 3 - -
CO3 3 - 3 3 2 3 - -
CO4 3 - 3 3 2 3 - -
CO5 3 - 3 3 3 3 - -

Note: Level to be filled in the above table
1: Slight (Low)
2: Moderate (Medium)

3: Substantial (high)

. None
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Course Name : SURFACE ENGINEERING
Course Code : MER1104

Credits : 3

LTP : 2-0-2

Course Objectives:

1

To impart the knowledge of surface properties and their impact on performance of engi

components.

To get familiar with the various tectuies of surface engineering used to modify the performan
2 engineering materials.
3 To be able to characterize the engineered surface modified with different techniques.
4 To implement the surface engineering techniques for various fields includitiopng tools,

automotive engines, aerospace and biomedical etc.

Total Hr. of Lectures 28
Total Hr. of Laboratory - 28

Lecture wise breakup

No.

Lectures

of

FUNDAMENTALS OF SURFACE ENGINEERING:

Importance of Surface Propertid@sijbological Propertig; Optical Properties; Electric ar
Opto-electronic Properties, Corrosion of Solid Surfaceslution and significance ¢
surface engineering; classification of surface engineering processes

6

WEAR AND CORROSION:

Surface Degradation: Causes, types @ntsequences of surface degradation, Forms
weari adhesive, abrasive, surface fatigue, corrosive, fretting and erosive wear, Cla
governing laws related to wear, techniques to evaluate the wear damage.
Electrochemical Corrosion, Corrosive Conalits, Forms of Corrosien Uniform
Corrosion, Galvanic Corrosion, Pitting, Crevice Corrosion, Eres@nosion, Cavitation
Fretting Corrosion, Intergranular Corrosion, Exfoliation, St@ssosion Cracking
Corrosion Fatigue, Hydrogen embrittlemestyrasion measurement.

SURFACE ENGINEERING TECHNIQUES:
Surface treatments to Change the Surface Metall@ghective Surface Hardening, Flar
Hardening Induction Hardening, Higlenergy Beam Hardening, Laser Melting, S
Peening, Friction stir processing

Surface treatments to Change the Surface ChemBhgsphate Chemical Conversi
Coatings, Diffusion Heat Treatment Coatin@arburizing, Nitriding, lon Implantatior]
Laser Alloying, Powder Mixed Electric Discharge alloying

SURFACE COATINGS:
Organic Coatings Paints, Ceramic Coatings and Linings, Hot Dip Coatir
Electrochemical Deposition, Thermal Spray Coatings, Chemical Vapor Depo
Physical Vapor Deposition Processes,

CHARACTERIZATION OF ENGINEERED SURFACES:

Characterization of Stace Properties, Thickness of Coatings and Films, Bond Stren
Coating Substrate, Microhardness, Phase determination usiRgyXDiffraction (XRD)
Analysis, Scanning Electron Microscopy (SEM), Metallographic Examination.

15



PRACTICAL APPLICATIONS OF SURFACE ENGINEERING:

Surface engineering for cutting tools, automotive engine components, Gas turbine €
Bio-Medical implants, future applications of surface engineering, environmenta

economic impact of surface engineering

List of Experiments: Number
of hours
1 Surface Engineering of metallic materials through; 8
(a) flame hardening, (b) laser beam cladding and (c) friction stir process.
2 Experimental analysis of eefficient of friction and wear behavior of engineered 8
surface.
3 Surface preparation and surface coating on metallienas using dip coating methoc 8
4 Characterization of coatings prepared on selected engineering materials. 4
Sr. Course outcome Knowledge Level
No. (Blooms Level)
1 | Understanding the basic surfaceperties and their importance towards L2
performance of engineering materials and overall economics.
2 | Interpretation of various types of wear and corrosion phenomenon occurri L4
engineering materials under different environmental conditions.
3 | Comprehensive understanding of various type of surface modification L2
coating techniques used in various fields of engineering.
4 | Characterization of engineered surface to evaluate the performan L5
engineering components under applied surfeearent techniques.
5 | Application of surface engineering techniques to modify the surface prop L3, L6
of engineering materials for diversified fields.
Suggested Books:
sy Year of
NO‘ Name of Book/ Authors/ Publisher Publication/
' Reprint
1 Introduction to Surface Engineering and Functionally Engineered Materials by 2011
M. Martin, Wiley & Sons Publishing
, | Coating Technology Handbook, Edited by Arthur A. TractishE8ition, Taylor & 2006
Francis
3 Surface Engineering for Carsion and Wear Resistance, Edited by J.R. Dav 2001
Associates, ASM International
4 Modern Surface Hyineering Treatments, Edited bylahmood Aliofkhazraei 2013
Intechopen.com
The Materials Science of Thin Films, by M. Ohring, Academic Press Inc. 2005
CO-PO & CO-PEO Articulation Matrix
PO1 PO2 PO3 PEO1 PEO2 PEO3 PEO4 PEO5
co1 1 - 2 2 2 1 - 2
COo2 2 - 2 2 2 2 - 3
COo3 2 -- 2 2 2 2 -- 2
CO4 3 -- 3 3 2 2 -- 3
CO5 3 -- 3 3 2 2 -- 3

16



Note: Level to be filled in the above table
1: Slight (Low)

2: Moderate (Medium)

3: Substantial (high)

- . None
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Course Name : ADVANCE HEAT TRANSFER

Course Code : MER1105

Credits : 3

LTP

3-0-0

Course Objectives:

Apply principles of heat transfer to develop mathematical models for steadyisteddy state heq

conduction problems.

Analyze free and forced convection internal and external flow problems.

Examine phasehange heat transfer process and practical applications.

Apply the concepts of radiation heat transfer for enclosure/sinal

QP WIN| -

Design heat exchangers, and understand the basics of heat recovery and storage.

Total Hr. of Lecturesi 42

Lecture wise breakup

No.

Lectures

of

Heat Conduction Review of the fundamentals of heat transfer, Steady state
conduction in idimensional, Zlimensional, and -8imensional mediums, He
generation, Variable thermal conductivity, Extended surfaces, Transient and i
heat transfer problems.

08

Free and Forced ConvectionForced convectionConservation equations, Integ
and analytical solutions, Boundary layer analogies, Internal and external f
Laminar and turbulent flows, Empirical relations, Case studiese convection
Governing equations, Laminar and turbulent flows, Analytical and empirical solu
Case studies

12

Phasechange heat transfer: Properties of pure substances, Solidification
melting, Pool boiling and convective boiling, Correlations, Film condensation
dropwise condensation, Effect of nmondensable gases, Case studies.

08

Thermal Radiation: Fundamental principles, Radiation exchange between suri
Transmitting, reflecting and absorbing media, Radiation shields, View fé
Multimode heat transfer, Case studies.

06

Heat Exchangers Types of heat exchangers, LMTD method and HEffeness, NTU
method, Case studies.

04

Heat Recovery & StorageCogeneration/Combined Cycle, Fuel CElhergy Storage

Systems, Case studies.

04

Sr.
No.

Course Outcome Knowledge Level
By the end of this course, the student will be able to: (Blooms Level)

Understand the heat transfer in solids and apply them in practical probl

L2, L3

Describe the thermal boundary layers, and examine free and forced con
heat transfer.

L3, L5

Estimate the phasshange heat transfer of simple problend alesign new
thermal systems.

L5, L6

Analyse the thermal and gas radiation in heat transfer equipment

L4

Evaluate the performance of heat exchangers and understand the
concepts of heat recovery and storage.

L2, L5

18



Suggested Books:
sr. | Year  of
No. Name of Book/ Authors/ Publisher Publl_catlon/
Reprint
1 Sadik Kakac and Yaman Yener., Heat Conduction, Taylor & FraritEdBion 2018
> K_ays, W. M and Crawford, M. E., Convective Heat and Mass Transfer, Tata Mg 2017
Hill, 4" Edition
3 Ghiaasiaan, S.M., Convective Heat and Mass Transfer, Cambridge 2015
4 Bejan, A., Convection Heat Transfel Bdition, Wiley 2013
5 Siegel, R., M. Pi_nar Mgr_wguc and Howell, J. R., Thermal Radiation Heat Tra 2015
Taylor and Francis,"6Edition
Ozsik, M.N., and Orlande, H.R.B., Inverse Heat Transfer, Fundamentals and
6 N . 2000
Applications, Taylor and Francis
CO-PO & CO-PEOQO Articulation Matrix
PO1 PO2 PO3 PEO1 PEO2 PEO3 PEO4 PEO5
Cco1 1 - 1 1 1 1 - 1
CO2 2 - 2 3 2 2 - 2
CO3 3 - 2 3 3 3 - 3
Co4 2 - 2 1 2 2 - 2
CO5 3 - 2 3 2 2 - 3

Note: Level to be filled in the above table
1: Slight (Low)

2: Moderate (Medium)

3: Substantial (high)

-: None
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Course Name : COMPUTATIONAL FLUID DYNAMICS
Course Code : MER1106

Credits : 3

LTP 2-0-2

Course Objectives:

1 To understand mat hemati cal characteristi (

2 To understand basic properties of comput g

3 To megomputational solution techniques f
equations.

4 To |l earn to solve c¢ omptsttatkiesn algluyatti loen sEu |

5

To acquire basic programming andalgauwlpatiic

anal ysi s.

Total Hr . of Lecturesi 28
Total Hr. of Laboratory 1 28

Lecture wise breakup

No.
Lect ul

INTRODUCTION: CFD and its Applications, Numerical vs Analytical
Experimental approach, Modeling Vs Experimentation, Fomeddal principles g
conservation, Reynolds transport theorem, Principles of mass, momentum ang
conservation, General scalar transport equation.

2

PARTI AL DI FFERENTI AL EQUATI ONS AND
Mat hemat i cal classi énciaadal oBqoat Pan
el liptic, parabolic and hyperbolic
hyperbolic partial di fferenti al eq

FUNDAMENTALS OF DI SCREpErl &ZcAel'd OiNng, -
processtiengdi fHiemience met hod (FDM),
Po i bl e types of boundary cond
Tr sportiveness, Finite vol umB snte
st e heat conduct iaonnt wsiotuhrdduetu iagrr dm
di usion probl ems: i mPildicolt sord ug d
st cture of pao€CEPsopndePoBers shafdi
su outines, Solution tefeomandati

(7]
(7]

= c e+ 35

Fl TE VOLUME QwknTcHeQplt:s and | I-D uSttaa
Di usion Probl ems: Physi cal consi-
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analysis of hyperbolic equations:
anal y8 sdef ByperbolilRemguations:
6 LI NEAR ALGEBRAIC EQUATelrOMS:f or uni 6
number of solutions and no sol uti
al gebraic -Ugdieadcdmmoss i tli on techni qu
( TDMA) : T hroimasm, allglol usti t @t iav € o ® xJadk
met hod and Gauss Siedel met &0 dnet lh
GauSisedel method, ADI (Alternating
List of Experiments No. of Lab
Hours
1 |Si mulaftiloind driven cavity. 4
2 |Simulation of heat transfer and f|I 4
3 |Simulation of flow past regular an 4
4 Si mul ation of Conducti on, Convecti 4
5 |Simulation of flow through porous 6
6 |Si muilan of Phase Change Material s 6
Sr. Course outcome By the end of this course, the student will be able to: Knowledge Level
No. (Blooms Level)
1 |Classify the basic equations of f L2
2 |Apply space andmetihmedsd.i screti zati L3
3 |Analyse numerical solutions of ag L4
4 |Evaluate the accuracy and stabildi L5
for model equati ons.
5 |Utilize the commercim@ami s@fofvanemg L3
in fluid dynamics and heat transf
Suggested Books:
Sy Year of
- | Name of Book/ Authors/ Publisher Publicatio
No. .
n/ Reprint
1 Numeri cal Heat Transfer andHiFlllui d FI 2018
2 Comput at iDynnaa miFclsu,i dT. J. Chung, Camb 2010
3 An Introduction to Computational Fluid Dynamics, H. K. Versteeg & W. Malalase 2007
2"%ed. Longman Scientific &Technical
4 Computational Methods for Fluid Dynamics, J. H. Ferziger and Mc P¥Yed. Springel 2002
5 Computational Fluid Mechanics and Heat Transfer, John C. Tannehill, Dale A. Ang 2016
and Richard H. Pletcher'®&d., Taylor & Francis
6 Computational Fluid Dynamics, John D. Anderson Jr, McGraw Hill Book Compan 2017
7 Computational Fluid Dynamics: Principles and Applications, J. Blazékd3Elsevier. 2015
CO-PO & CO-PEO Articulation Matrix
PO1 PO2 PO3 PEO1 PEO2 PEO3 PEO4 PEO5
co1l - - 2 3 - - - -
CO2 - - 3 2 - - - -
COo3 3 - 3 2 2 2 - 2
Cco4 2 - 3 2 2 1 - 3
CO5 2 3 2 1 1 1 3 1

Note: Level to be filled in the above table
1: Slight (Low)
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2: Moderate (Medium)
3: Substantial (high)
-: None
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Course Name ) MECHANICAL BEHAVIOUR OF MATERIALS

Course Code : MER1107

Credits : 3

LTP ) 3-0-0

Course Objectives:

1

To impart the knowledge of basic material science covering the aspects of advanced eng

materials, and various treatments for enhancing material properties.

2

To get familiar with different types of failure mechanism in ductile and brittle material

3

Able to compute the stress intensity factor, strain energy release rate, and the stress and st

around a crack tip for linear and nbnear materials.

4

Understanding of experimental techniques to determine the critical parametersuné fraiture.

Total Hr. of Lectures-42

Lecture wise breakup

No. of
Lectures

BASIC MATERIAL SCIENCE: Introduction to advanced engineering materi
selection of materials for various engineering applications, elastic and plastic beh
Tensile anccompressive deformation, instability in tension and compressioA|mear
properties, damping properties, Imperfections in solids, diffusion mechar
dislocations and plastic deformation, strengthening mechanisms, Anelasticit
Bauschinger effecEffect of various treatments on mechanical properties.

10

MATERIAL FAILURES: Ductile fracture, Brittle fracture, Griffith theory, Fatigue,
N curve, theories of fatigue, cumulative fatigue damage, Creep, mechanisms of
crack initiation and praggation, Effect of different variables on fatigue fracture and ¢
fracture, choice of materials for creep resistance, design considerations, thec
failures, residual stresses and their sources, effects and fedigtfjre in polymerio
materialsand fracture irceramic and ceramic composites.

LINEAR ELASTIC FRACTURE MECHANICS: Stress and strain concentratio
Geometric stress raisers and mitigation of stress concentr@tiess concentration effe
of flaws, Griffith energy balance, theengy release rate, instability and resistance cy
stress analysis of cracks, relationship between stress intensity factor and energy
rate (K and G), crack tip plasticity, mixed mode crack initiation and propagation.

BASIC ELASTICITY: Stres at a point, stress equations of equilibrium, laws of s
transformation, principal stresses a
threedimensional state of stress. Strain analysis, strain equations of transforr
principal stains, stresstrain relationship.

EXPERIMENTAL STRESS ANALYSIS : Introduction to various stress analy
techniques, Brittle coatings, strain gauges, various types of strain gauges,
sensitivity and gauge factor, temperature compensation. -dimensional
photoelasticity, stress optic law, photoelastic materials, optics of polariscope, pla
circular polariscope, dark and light field arrangements, isochromatic and isoclinic
patterns,Non-destructive testing (NDT) and various NDT meds used in fracture

mechanics.

10

Sr.

No.

Course outcomes Knowledge Level
By the end of this course, the student will be able to: (Blooms Level)

Understanding the basic mechanical properties of materials and selec L2, L3

suitable material for the requdéndustrial applications.
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2 | Understanding the cause of failures and mechanism under different ty L2
loading and working conditions.

3 | Selection of suitable treatments to enhance the mechanical behavi L3
materials.

4 | Apply Linear Hastic Fracture Mechanics to predict the brittle fracture L3
Determining the states of stress in three dimensions. L5
Understanding of experimental techniques to determine the values of ¢ L2
parameters of fracture.

Suggested Books:
Sy Year of
NO‘ Name of Book/ Authors/ Publisher Publication/

' Reprint
1 Experimental Stress Analysis by Dally and Riley 1991
2 Mechanical Metallurgy by George E. Dietef Bdition 2017
3 Theory of Elasticity by Timoshenko & Goodier, McGraill 1951
4 Fracure Mechanics Fundamentals and Applications, T. L. Anderscﬂqea., CRC 2005

Press, Taylor and Francis Group
5 Materials Science and Engineering by William D. Callister 2007
6 Experimental Stress Analysis by Srinath, Raghvan and Lingaiah 1984
CO-PO & CO-PEO Articulation Matrix
PO1 PO2 PO3 PEO1 PEO2 PEO3 PEO4 PEO5

co1 1 - 2 3 2 1 - -
CO2 2 -- 2 3 2 1 -- 1
COo3 3 -- 3 3 2 1 -- 3
Cco4 2 - 2 3 2 2 - 3
CO5 2 - 1 2 2 3 - 3
CO6 3 -- 3 3 2 2 -- 3

Note: Level to be filled in the above table
1: Slight (Low)

2: Moderate (Medium)

3: Substantial (high)

- None
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Course Name : MEMS AND MICRO SYSTEM DESIGN
Course Code : MER1108

Credits : 3

LTP : 3-0-0

Course Objectives:

To provide knowledge of semiconductors and solid mechanics to faliEMES devices.

To educate on the rudiments of micro fabrication techniques.

To introduce various sensors and actuators.

AWIN|F

To introduce different materials used in MEMS.

Total Hr. of Lectures- 42

Lecture wise breakup No. of
Lectures

INTRODUCTION TO MEMS: Origin of Micro-electremechanicakystems| 8
1 (MEMS), Intrinsic characteristics of MEMS and their applications, scaling lav
miniaturization, Materials for MEMS, the multidisciplinary nature of misystems.

MICROMACHINING TECHNOLOGIES : Additive techniques, Oxidation & 6
physical vapor deposition, Chemical vapor deposition, and other additive techn

MECHANICS AND DESIGN OF MICRO -SYSTEMS: Mechanics, Dynamics 8
electrostatics, Advanced MEMS operating, Principles for sensing and aat
including Piezo resistive, Piezoelectric, Thermechanical, MagneticMicro-
fluidics: Flow, heat and mass transfer at small scales, Electro kinetics.

WORKING PRINCIPLE OF MICROSYSTEMS: Micro-sensors, acoustic wa 8
sensors, biomedical and nasensos, chemical sensors, optical sensors, pres
4 sensors, thermal sensors, miaiuation through thermal forces, SMAezo electric
crystals, and electrostatic forces, magnetic actuakiticro devices Micro-grippers,
Micro-motors, Micrevalves, Micro pmps, Micreaccelerometers.

POLYMER MEMS: Polymers in MEMS, Poymide, S8, Liquid Crystal Polyme 6
5 (LCP), PDMS, PMMA, Parylene, Fluorocarbon, Application to Accelerat
Pressure, Flow and Tactile sensors.

CASE STUDIES OF MEMS PRODUCTS: Micro-fluidic devices, Micro/nan 6
6 transducers, Blood pressure sensor, Microptamueleration sensors, Gyrosco
Magnetic actuation.

Sr. Course outcome Knowledge Level
No. | By the end of this course, the student will be able to: (Blooms Level)
1 | Review the fudamentals of MEMS. L1
2 | Apply the basics of electrmagnetic fabrication techniques in mechan L3
engineering.
3 | Analyze the mechanics and design of misystems. L4
4 | Understand the working principle of MEMS sensors and actuators. L2
5 | Choose théasic devices and techniques to be used in polymer MEMS. L5
6 | Prepare the case studies on MEMS for different industrial applications. L6
Suggested Books:
Sr . vear of
Nc; Name of Book/ Authors/ Publisher Publl_catlon/
' Reprint
1 Foundation of MEMS, C LiuPearson Education. 2017
5 Micro sensors, MEMS and Smart devices, JW Gardner, VK Varadhan, John W, 2001
Sons.
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Nano structure and Nano materials, synthesis, properties and applications, 2011
Ying, World Scientific Publishing Co.

4 MEMS andMicro system Design and Manufacturing, T R Hsu, Tata McGraw Hi 2017

5 Nano Scale Science and Technology, Robert K, lan W H, Mark Geoghegan. 2005

CO-PO & CO-PEQ Articulation Matrix

PO1 PO2 PO3 PEO1 PEO2 PEO3 PEO4 PEO5
Co1 1 - 1 1 1 1 - -
CO2 2 - 1 1 1 1 - -
CO3 3 - 2 2 2 3 - -
CO4 2 - 2 2 2 2 - -
CO5 3 - 3 3 3 3 - -
CO6 3 3 3 3 2 3 2 -

Note: Level to be filled in the above table
1: Slight (Low)

2: Moderate (Medium)

3: Substantial (high)

- . None



Course Name |: | INDUSTRIAL AUTOMATION

CourseCode . | MER1109

Credits 13

LTP 3-0-0

Course Obijectives:

1. Demonstrate understanding of fundamentals of industrial automation and Al.
2. Design & develop pneumatic / hydraulic circuits.
3. Design and develop electropneumatic circuits and PLC ladder logics.
4. Demonstrate understanding of robotic control systems and their applications.
5. Demonstrate understanding of various Al and machine learning technologies.
Total Hr. of Lectures: 42

Sr. Course Contents No. of

No. Lectures

1. Introduction to Automation 6
and fundamentals of automation, Elements of Automated system, Auton
principles and strategies, Levels of automation, types of automation, Adv
automation functions
Introduction to Artificial Intelligence
Introduction, Historical development, Infgiént Systems, Types of Intelligent Agen
Components of Al, Foundations of Al, Scope of Al, Current trends in Al, Reley
to Mechanical Engineering

2. Design of Pneumatic Circuits 10
Design of Pneumatic sequencing circuits using Cascade method andeS§isifer
method (up to 2 cylinders)

Design of Hydraulic Circuits
Basic Hydraulic Circuits: Meter in, meter out and Bleed off circuits; Intensifier cirg
Regenerative Circuit, Counter balance valve circuit and sequencing circuits.

3. Electro-pneumatic Circuits 8
Design of ElectrePneumatic Circuits using single solenoid and double sol€
valves; with and without grouping;

PLC Discrete Control SystemsDesign of Pneumatic circuits using PLC Cont
(ladder programming only) up to 2 cylinders, waibplications of Timers and Counte
and concept of Flag and latching.

4. Robots and their applications: 6
Introduction to Robots, Types, Classifications, Selection of Robots, Robot Degr
freedom, Robot configuration, Accuracy and repeatability, $ipaton of a Robot
Robot feedback controls: Point to point control and Continuous path control, C
system for Robot joint, Adaptive control, Drives and transmission systems
effectors, Industrial robot applications, Ng&n robots

5. Machine Learning: 6
Introduction, types of machine learning: supervised, unsupervised, reinforc
learning
Learning with Decision Trees:

Introduction to Decision Trees, Classification and Regression Trees, K i
clustering algorithm, K nearest neighbours atpon, hierarchical clustering.

6. Introduction to Al Technologies in the realm of Automation 6

Concept of ANN, Basic Models of Artificial Neural Networks Import
Terminologies of ANNs McCullociritts Neuron, NN architecture, perceptron, dg
learning rue, backpropagation algorithm, Gradient Descent algorithm, feed for
networks, activation functions

Concept of Natural Language Processing, Machine Vision, Deep learning,

systems, Genetic Algorithms, Industry 4.0
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Course Outcomes Blooms Level
1 | Students should be able to think on how to design and implement autq L1
systems using pneumatics.
2 | Students should be able to provide hydraulic solutions for designing auto L4
systems
3 | Students should be able to devise assembly autorsgtedms using feeder L5
orienters and escapement devices
4 | Students should be able to implement eleptteumatic/hydraulic solutions fg L2
automated systems.
5 | Students should be able to apply PLC programming and implement it on PL L3
6 | Studens should be able to design different process control applications th L6
Al Technologies
Sr. No Name of Book/Authors/Publisher Year of
Publishing
1 M. P. Groover AAut omati on, Produc 2016
Manufacturi ngoonNewPellmr son Educati
2 M. P. Groover, M. Wei s s, R. N. N a ¢ 2017
Technol ogy programmi ng-Hdnd Appl i
3 Mechatronics Electronic Control Systems in Mechanical Engineering, Bo 2015
Pearson education
4 Artificial Intelligence and Intelligent Systems by Padhy, Oxforfd Univer 2005
Press
5 Electromechanical EngineeringAn Integrated Approach , Fraser and Mily 1995
CO-PO & CO-PEQ Articulation Matrix
PO1 PO2 PO3 PEO1 PEO2 PEO3 PEO4 PEO5
Cco1 2 3 1 3 2 1 3 -
CcO2 3 2 3 1 2 3 2 3
CO3 2 3 2 1 2 3 2 3
Cco4 2 2 - 3 3 2 2 2
CO5 1 2 2 3 2 2 3 2
CO6 3 3 2 2 3 2 2 -

Note: Level to be filled in the above table
1: Slight (Low)

2: Moderate (Medium)

3: Substantial (high)

- None
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Course Name : MICRO -FLUIDICS

Course Code : MER1110

Credits : 3

LTP

3-0-0

Course Objectives:

To understand the basic concept of transport of fluid at rsicate.

To deduce the exact solutions of the simple fluid flow problems.

To study the different fye of micrefluidic flows and their practical importance.

AWIN|F

To know the basics of micif@abrication and visualization/characterization.

Total Hr. of Lectures’i 42

Lecture wise breakup

No. of
Lectures

1

INTRODUCTION : Origin, Definition, Benefits, Chathges, Commercial activitie
Physics of miniaturization, Scaling laws. Miesoale fluid mechanieBtermolecular
forces, States of matter, Continuum assumption, Governing equations, Cons
relations. Gas and liquid flows, Boundary conditions, Shpory, Transition tq
turbulence, Low Re flows, Entrance effects.

7

EXACT SOLUTIONS : Couette flow, Poiseuille flow, Stokes drag on a sphere, -T
dependent flows, Twphase flows, Thermal transfer in microchannels. Hydrs
resistance and Circuit analg, Straight channel of different cressctions, Channels i
series and parallel.

CAPILLARY FLOWS : Surface tension and interfacial energy, Yoluaglace
equation, Contact angle, Capillary length and capillary rise, Interfacial bou
conditions, Mirangoni effect.

DIFFERENT TYPES OF MICRO -FLUIDIC FLOWS: Active microfluidics
Electrohydrodynamics. Electrosmosis, Debye layer, Ideal electsmotic flow, Ideal
electreosmotic with back pressure, Cascade elessmotic micro pump, EOF ¢
powerlaw fluids. Electrophoresis of particles, Electrophoretic mobility, Electropho
velocity dependence on particle size. Dielectrophoresis, Induced polarization an
Point dipole in a dielectric fluid, DEP force on a dielectric sphere, DEP paréiplarg,
AC DEP force on a dielectric sphere.

MICRO -FABRICATION ESSENTIAL S: Materials, Clean room, Silica
crystallography, Miller indices. Oxidation, photolithographmask, spin coating
exposure and development, Etching, Bulk and Surface micronmaghWlafer bonding
Polymer microfabrication, PMMA/COC/PDMS substrates, micromolding,

embossing, fluidic interconnection&pplications Fluid control devices, gas and flu
measurement devices, medical testing equipments and implantable drug pumps

EXPERIMENTAL FLOW CHARACTERIZATION: Over vi ePW, Midro
fluidics devices Micropumps, Microvalves, Micro flow sensors, Micro mixers, Droj
generators, Microparticle separator, Microreactors. Current trends and applicat

micro fluidics
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Sr. Course outcome Knowledge Leel
No. (Blooms Level)
1 | Understand the basic concepts of fiflmlv transports phenomena at mief L2
level.
2 | Apply the basic concepts to find the exact solution of the simplified offlovd L3
problems.
3 | Analyze the different micrdluidic flows and \arious micrefabrication L4
processes.
4 | Examine the micrdluidic systems and suggest improvement in the system L5
5 | Optimize the performance of midluidic systems, and develop new ones. L6
Suggested Books:
sr. . vear of
No Name of Book/ Authors/ Publishe Publlcqtlon/
' Reprint
1 N. T. Nguyen and S. T. Werely, Fundamentals and applications of Microfluidicg 2006
Edition, Artech house Inc.
2 P. Tabeling, Introduction to microfluidics, Oxford University Press Inc. 2005
3 M. J. Madou, Fundamensaof Microfabrication, CRC press. 2002
4 B. J. Kirby, Micro and Nanoscale Fluid Mechanics: Transport in Microflui 2010
Devices, Cambridge University Press.
5 H. Bruus, Theoretical Microfluidics, Oxford University Press Inc. 2008
CO-PO & CO-PEO Articulation Matrix
PO1 PO2 PO3 PEO1 PEO2 PEO3 PEO4 PEO5
Cco1 1 - 1 1 - - -
CO2 2 - 2 1 - - 1
CO3 2 - 2 2 2 2 1
Cco4 2 - 2 2 2 2 2
CO5 3 - 3 3 3 3 3

Note: Level to be filled in the above table
1: Slight (Low)

2: Moderate (Medium)

3: Substantih(high)

- None
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Course Name : DESIGN OF EXPERIMENTS AND RESEARCH METHODOLOGY
Course Code : MER1001

Credits : 3

LTP : 2-0-2

Course Objectives:

1 To introduce objective of research for various types of research

2 To enhance competencearfalyzing experimental results

3 To enhance competence in understanding mathematical relation between process variables
results

4 To introduce contribution of Taguchi in designing, analyzing and interpreting experiments.

Total Hr . of Lecturesi 28
Total Hr. of Laboratory 1 28

Lecture wise breakup

No. of

Lectures

Overview of Scientific research& Engineering Research: Nature and objecti
research, Research topic, Literature review, steps in conducting literature
Formulation of problemresearch questions and hypothesis, types of hypoth
evaluation of hypothesis Research design, Sampling design, Measurement and
technique, Methods of Data collection, Statistical and sensitive analysis of
Interpretation of result

4

Analyzing results of from experiment: Various Tests of significance based on ty
input and output data, Steps involved in testing for significance, concept of p
testing for means, Testing for variance, -sfuare test Goodness of fit, test g
independence

Regression & Correlation, linear and Homear regression, multi variable lin
regression

Classification of experimental designs, Analysis of variance (ANOVA), ANOVA
detecting sources of variationStatistical procedure for ongay ANOVA, Procedure
for two-way ANOVA

Engineering Research: Planning & management of experiments; Conventional 1
for experiment: One factor at a time (OFAT) experiment, Concept of desig
experiments: Common terms, Designed experiment, Fullodatt experiments
Orthogonality of experiments, main effect analysis, interaction analysis and result

Taguchi MethodsFractional factorial experiments, Resolution of design, screening
Difference between conventional DoE and Taguchi methodtho@onal arrays
Taguchi 6s Robust paramet er desi gn,
orthogonal arrayPracticing with excel andtatistical software, Introduction Responsg
Surface Methodology (RSM)

Technical report and manuscript vimi: steps of writing a report, layout of report, layq

of research paper, ethical issues related to publishing, Plagiarism aflagefism.
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List of Experiments

No. of

Lab Hrs.
Performing the following analyses using statistical software
1 Hypothesis tests (Zest, ttest, 2t test, pairedtest, Chi s square and test of ed 5
variance etc)
5 Correlation analysis between independent events, Regression analysis for de 5
variables (having cause & effect) and developing Y = F (x)
3 | Oneway ANOVA, Twoway ANOVA, General Linear Model 5
4 Creating and analysing 2kExperiments (Full & Fractional Factorial) and Gener 5
Factorial Design
5 |Development of model using Response Surface Methodology 4
6 |Creating and analysing Taguchi desig 4
Sr. Course outcome Knowledge Level
No. (Blooms Level)
1 Understand basics of experiment design and research methodology L2
2 Perform the statistical analysis for different engineering problems L 3, L4
3 Examine the relationship between processaides and the output L5
4 Select the appropriate orthogonal array for a Taguchi design, and optimi L5 L6
design of experiment. '
5 Plan a research activity including sampling, scaling, data collection, ang L4 L5
and implement the recommendatiorpiactical problems. ’ ’
Suggested Books:
Sr Year of
No. Name of Book/ Authors/ Publisher Publif:ation/
Reprint
1 | Design and Analysis of Experiment, Douglas C Montgomery, John Wiley & Sor| 2016
2 | Taguchi Techniques for Quality Engineering Philli. Ross; The Tata McGratill 2017
Research Methodology Methods and Techniques, C. K. Kothari, New A
3 . N 2004
International, 2nd Edition
CO-PO & CO-PEOQ Articulation Matrix
PO1 PO2 PO3 PEO1 PEO2 PEO3 PEO4 PEO5
CO1 - - 1 1 1 1 - 1
CO2 1 - 2 2 1 2 - 1
CO3 2 - 2 2 2 2 - 2
CO4 3 - 2 3 2 3 - 2
CO5 3 - 3 3 3 3 - 3

Note: Level to be filled in the above table
1: Slight (Low)

2: Moderate (Medium)

3: Substantial (high)

: None
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Engineering Mathematics

M athematical M odelling & Simulation
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Course Name : MATHEMATICAL MODEL LING AND SIMULATION
Course Code : EMR1010

Credits : 3

LTP : 2-0-2

Course Obijectives:In this course, the student will

1. Understand modelling technique for analysis and synthesis efvoglal problems.
2. Understand the interaction of different components of a system.

3. Learn different simulation technigues apglie electremechanical systems.

4. Optimize different engineering systems.

Total Hr. of Lectures i 28
Total Hr. of Laboratory 1 28

Lecture wise breakup

No.
Lectures

of

INTRODUCTION: System, environment, input and output variables, Statables,
Static and Dynamic systems, Hierarchy of knowledge about a system andimgo
strategy Physical Modding: Similarity criteria and their application.

3

PHENOMENOLOGICAL MODELS: Regression analysisLinear regression
Multiple linear regressio, Nonlinear regression Supervised machine learni
regression, data fittingyeural NetworksGeneraldea, Feedorwardneuralnetworks,
Interpretation of theesults, Generalization awgerfitting; Softcomputing,andFuzzy
model.

SYSTEM MODELLIN G: Deterministic modelDistributed parameter models
terms of partial identification and their solutions, lumped parameter models in
of differential and difference equations, state space model, trdngafdions block
diagram and subystems, stality of transfer functions, modkhg for control.
Probabilistic Models Growth and Decay models, Logistic curves, System dyna
diagramsStochastic variables, discrete and continuous probability functions, Ra
numbers, Generation of Random numb¥riance reduction techniquesyd Length
of simulation runs.

SYSTEM SIMULATION: Techniques of simulation, Experimental nature
simulation, Numerical computation techniques, Continuous system models, A
and Hybrid simulation, Feedback systen®pbability Concepts in Simulatip
Computers in simulation studieemdSimulation software packages.

OPTIMIZATION TECHNIQUES : Onedimensional unconstrained optimizatjg
Multidimensional unconstrained optimizatjo@onstrained optimizatignand Case
studiesrelated to engineering systems.

APPLICATIONS TO ENGINEERING SYSTEMS : Building ofsimulation models
Differential-algebraic problems, Optimal control problems, Inverse problems,-F

thermal problems, anlimulation ofhybrid systems

List of Experiments

No. of Lab
Hours

1.

Introduction to software and GUI

Modelling andsimulation ofdeterministic models

Modelling andsimulation ofprobabilistic models

Modelling andsimulation of hybrid systems

Modelling andsimulation ofElectromechanical systems

o~ Wi

Optimization problems on engineering systems

AlAh|O|O|O|N

Sr.
No.

Course outcome By the end of this course, the student will be able to: Knowledge Level
(Blooms Level)
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1 | Understand various modelling approaches, and formulate differedels L2, L3
2 | Develop the system equations using different modelling techniques. L5
3 | Create different control systems using feedback systems. L6
4 | Experiment with simulations @lectremechanical systems. L5
5 | Analyzeand optimizehe performane ofengineering systems L4, L6
Suggested Books:
Sr . vear of
NO‘ Name of Book/ Authors/ Publisher Publlca_tlon/
) Reprint
1 Principles of Modeling and Simulation: A Multidisciplinary Approach, John 2009
Sokolowski and Catherine M. Banks, Elsevier.
> Theory of Modeling and Simulation, Zeigler B.P. Praehofer and I.G. Kifre@, 2000
Academic press.
3 System Dynamics, Modeling and Simulation of Mechatronic Systems, D.C. Kar| 2000
D.L. Margolis and R.C. Rosenberg, John Wiley & Sons, NY.
Mathenatical Modeling and Simulation Introduction for Scientists and Enginee
4 ) 2008
(Kai Velten)
Optimization modelling a practical approach (Ruhul Amin Sarker, Charlg
5 2007
Newton)
6 Mathematical Modeling (Mark M. Meerschaert) 2007
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Departmental Elective Courses

Department Elective 1
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Course Name : ADVANCED MECHANISM AND MACHINES
Course Code : MER1201

Credits : 3

LTP : 3-0-0

Course Objectives:

1

To equip the students with fundamental knowledge of kinematics of different types of mechanis
velocity and acceleration analysis of mechanisms and the various graphical methodsute ¢coen

conjugate point for a specific point.

To develop the knowledge of analytical and graphical methods for the synthesis of planner k

mechanisms.

To understand the synthesis of mechanisms using analytical methods dynamics of mechanism

To develop the knowledge of balancing of linkages.

g~ N

To familiarize with analysis of spatial mechanisms.

Total Hr. of Lecturesi 42

Lecture wise breakup

No. of
Lectures

MECHANISMS : Reviews of concepts related to analysis of mechanisewed of
freedom, transmission and deviation angle, methods of velocity and acceleration a
relative velocity and I nstantaneous

5

ADVANCED KINEMATICS OF PLANE MOTION - Fixed and moving centrods
inflection poirts and inflexion circle, EuleBavary equation, Analytical and graphi
determination of diameter of inflection circle, Bobillier's construction, Hartm
construction, Application of inflection circle to kinematic analysis, Polode curvat
General ase and special case, Polode curvature in theb@umechanism, Couple
motion, Relative motion of the output and input links, Freudenstein's collineatiof
theorem Carter Hall circle, Circlingpoint curve (general case).

GRAPHICAL SYNTHESIS OF PLANAR MECHANISMS : Type, number an
dimensional synthesis, function generati@wverlay's method, path generatioRobert's
theorem and rigid body guidance problems, accuracy (precision) points , Che
Spacing, types of errors, Graphical synthdsisfunction generation and rigid bog
guidance with two, three and four accuracy points using pole method, center po
circle point curves, Bermester points, Synthesis for five accuracy points, Branch an
defects, Synthesis for path generation.

ANALYTICAL SYNTHESIS OF PLANAR MECHANISMS : -Analytical synthesis o
four-bar and sliderc r ank mechani s m, Freudenst ei
generation, synthesis for four accuracy points, compatibility condition, synthesis-o
barfor prescribed angular velocities and accelerations using complex nhumbers. C
numbers method of synthesis, dyad and standard form equation, ground
specifications, three accuracy point
of linkages, Modelling, analysis and synthesis of various mechanisms using sq
package.

KINEMATIC ANALYSIS OF SPATIAL MECHANISMS : Denavit Hartenberg
parameters, matrix method of analysis of spatial mechanisms.

DYNAMICS OF MECHANISMS: Analytical metlods for force analysis ¢
mechanisms, complex number methods, kirgtitic analysis by superposition &
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matrix approaches and its applications, time response eb&yunechanisms, Modelling

analysis and synthesis of various mechanisms using sofpaakage.

BALANCING: Force and shaking moment balancing of linkages, Optimizatio 5

7 shaking moments, Effect of moment balance on input torque, balancing of flexible
field balancing, computer program
Sr. Course outcomeBy the end othis course, the student Knowledge Level
No. | will be able to: (Blooms Level)
1 Understand basic mechanisms and machines and formulate the design prok L2, L3
2 | Analyze planar and spatial mechanism for displacement, velocity and acce L2, L4
analyticaly and graphically
3 | Analyze Simple and Complex mechanism. L4
4 | Apply the knowledge of Kinematic theories to practical problems of mech L5
design and synthesis.
5 Design higher pair kinematic linkages for a given application. L6
6 Devdop, analyze and synthesize the mechanisms using software. L6
Suggested Books:
Sr. . Year_ of .
No. Name of Book/ Authors/ Publisher Publlpatlon/
Reprint
1 Theory of Machines and Mechanisms, J. E. Shigley and J. J. Uicker, 2nd Ed., Mc 19%
Hill.
2 Advanced Mechanism Desiginalysis and Synthesis (Vol.1 and 2), A. G. Erdman 1984
G. N. Sandor, Prentice Hall of India.
3 Theory of Machines, Bevan T, 3rd Edition CBS Publishers and Distributors. 2002
4 Kinematics and Dynamics of Machinel¢én C and Sadler J 3rd Edition, Prentice H 2002
5 Computational Dynamics, Ahmed A. Shabana, 3rd Ed., Wiley. 2010
CO-PO & CO-PEO Articulation Matrix
PO1 PO2 PO3 PEO1 PEO2 PEO3 PEO4 PEO5
Co1 2 - 1 2 2 2 - -
CO2 2 - 3 3 2 2 - -
CO3 2 - 3 3 3 2 - -
Cco4 3 - 3 3 3 3 - -
CO5 3 2 3 3 3 3 - -
CO6 3 3 3 3 3 3 - 3
Note: Level to be filled in the above table

1: Slight (Low)

2: Moderate (Medium)
3: Substantial (high)
- None
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Course Name : FRACTURE MECHANICS AND FATIGUE
Course Code : MER1202

Credits : 3

LTP : 3-0-0

Course Obijectives:In this course student will be able to understand

1.
2.
3.

4,

The physical and mathematical principles of fracture mechanics and fatigue.

Crack problem formulation through stress, displacement and energy methods.
The desigrprinciples of materials & structures using various fracture mechanics approaches wit
factor of safety.
The modern theory of fatigue dealing with nucleation and rate of propagation of crack.

Total Hr. of Lecturesi 42

Lecture wise breakup

No. of
L ectures

BACKGROUND: Introduction, kinds of failure & history, brittle and ductile fractu
modes of fracture failure, different techniques of fracture mechanics, potenc
crack, damage tolerance.

3

ENERGY RELEASE RATE (ERR): Introduction, Grifit h6s wor k ar
Surface energy, Griffithés realizat
ERR of Double Cantilever Beam specimen, anelastic deformation at crack tip,
resistance, stable and unstable crack growtltuRre for bittle crack, Thin plate v/s
thick plate, critical ERR.

STRESS INTENSITY FACTOR (SIF): Introduction, Linear Elastic Fractu
Mechanics, stress and displacement fields in isotropic elastic material, SIF ¢
mathematical background, Approach of Wegdard for different mode of fracture a
its analysis.

SIF OF MORE COMPLEX CASES: Other applications of Westergaard approg
application of the principles of superposition, crack in a plate of finite dimensions
and embedded cracks, Relatiomshetween ERR and SIF, critical SIF, bending
twisting of cracked plates.

ANELASTIC DEFORMATION AT THE CRACK TIP: Investigation at the crac
tip, approximate shape and size of the plastic zone, effective crack length, effect
thickness.

ELASTIC PLASTIC ANALYSIS THROUGH J -INTEGRAL: Relevance an
scope, definition of-ihtegral, path independence, strsfimin relation, discussion @
Jintegral, Engineering Approach ofidtegral.

CRACK TIP OPENING DISPLACEMENT (CTOD): Introduction, relationship
between CTOD, SIF and ERR for small scale yielding, Equivalence between
and J integral,

TEST METHODS: K|c test techniques, Test methods to determigelést method:s
to determine ¢z and Gc, Determination of critical CTOD.

FATIGUE FAILURE: Introduction, Terminology, Sl curve, crack initiation, crac
propagation, Effect of an overload, crack closure, variable amplitude fatigue loa

10

CRACK DETECTION THROUGH NDT: Visual, LPI, Magnetic Methods

Radiography, Ultrasonic

Sr.

No.

Course outcome Knowledge Level

By the end of this course, the student will be able to: (Blooms Level)

Recall various kind of failures, ductile and brittle fracture of metals.

L1

Understand various modes of fracture and analyze the belohengineering L2, L4

materials having microscopic flaws by various approach
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3 | Apply the concepts of fracture mechanics philosophy to design of stru L3, L6
components taking into account presence of flaws, nature of loadin
constitutive behavior ahe material.
4 | Apply the concept of fatigue failure of structure under variable fluctug L3
loading to engineering problems
5 | Understand the various test procedures to determine the fracture meg L2, L5
parameters of the materials.
Suggested Books:
Sr. . Year of
No Name of Book/ Authors/ Publisher Publl_catlon/
) Reprint
1 Elements of Fracture Mechanics, Prashant Kudtaed., TMH, New Delhi. 2017
5 Elementary Engineering Fracture Mechanics, David Broek, Kluwer Acad 1986
Publishers Grop, DordrechtNetherlands.
3 Fracture Mechanics Fundamentals and Applications, T. L. Andersofie®, CRC 2005
Press, Taylor and Francis Group
4 Fracture Mechanics by E. E. Gdouto$? &d., Springer International Publishin 2005
Springer Nature Swierland AG
5 Elementary Fracture Mechanics, S. A. Meguitled.,SpringeNetherlands, 1989
6 Introduction to Fracture Mechanics, Kare Hellan, McGraw Hill Book Company. 1985
7 e-book on Engineering Fracture Mechanics: K Ramesh, Published biyldtiras, 2015
India, URL: https://apm.iitm.ac.in/smlab/kramesh/book 4.htm
CO-PO & CO-PEQ Articulation Matrix
PO1 PO2 PO3 PEO1 PEO2 PEO3 PEO4 PEO5
CO1 1 - 2 1 3 2 - 3
CO2 1 - 2 1 3 2 - 3
CO3 2 - 3 2 3 3 - 3
Cco4 2 - 3 2 3 3 - 3
CO5 2 - 3 2 3 3 - 3

Note: Level to be filled in the above table
1: Slight (Low)

2: Moderate (Medium)

3: Substantial (high)

- None
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https://apm.iitm.ac.in/smlab/kramesh/book_4.htm

Course Name : EXPERIMENTAL STRESS ANALYSIS
Course Code : MER1203

Credits : 3

LTP : 3-0-0

Course Obijectives:To understand the

1. Relation between the theory of solid mechanics with experimental stress analysis.

2. Principles of photo elasticity in stress analysis.
3. Fundamental concepts about the experimental methods of stress analysis
4. Use the experimental stress techniques on the practical problems.

Total Hr. of Lecturesi 42

Lecture wise breakup

No. of
Lectures

INTRODUCTION: Stress at a point on an arbitrary plane D 3tate of stress
differential equations of equilibrium,aws of stress transformation, principal streg
and maximum shear stressD2state of stress, displacement and strain, pring
strains, compatibility conditions, stresgain relationsPlane stessand plane stin
problems, boundary conditions, Méhs ci r c | e a nhoee-disnénsiozas
stressstrain relations.

6

BASIC OPTICS: Basic concept and nature of light, polarization, decompositiq
elliptically polarized light, passage of light through isotropic media and cryst
medium, normkincidence and oblique incidence, optic axis in refracting suri
absolute and relative phase difference, quarter and half wave plates, production
polarized light, light ellipse characteristics.

2-DIMENSIONAL PHOTOELASTICITY: Stress opticdaw, plane and circulg
polariscopes, isochromatics and isoclinics, white light and monochromatic light s
analysis of plane and circular polariscopes through trigonometric resolutions an(
Calculus method, dark and bright field arrangementrotitar polariscopes, isoclinic
and isochromatics fringe order at a point, methods of compensation, calil
methods, use of white light in Photoelasticity, reversibility of optical system.

PHOTOELASTIC DATA COLLECTION, ANALYSIS AND APPLICATIONS:
Photoelastic data, stress components, stress separation techniques and app
properties of an ideal photoelastic material, casting technique, machini
photoelastic casting, stress relieving) 2nd 3D applications.

BIREFRINGENT COATING M ETHOD: Theory of Birefringent coatings
reflection polariscope, sensitivity of Birefringent coating, separation of prin
stresses, sources of errors, Birefringent coating materials and applications.

MOIRE -FRINGEMETHO DS AND ANALYSIS: Mechanism of ormation of Moiré
fringes, geometica approach to Moiré-Fringeanalysis, disgacement field approah to
Moiré-Fringe analysis for inplane andout of plane problems out of plane slops
measurements, slarpening and multiplicaion of MoiréFringes, experimental
procedureand techniques.

BRITTLE COATING METHODS: Brittle coating materials, Relation between
state of stress in coating and in the model, law of failure of brittle coating
interpretation of craclkattern data, Isostatics and Isoenttielative merits of streg
coat and all temperature coating, Accuracy of brittle coating application,
detection techniques, calibration of brittle coating materials.

STRAIN MEASUREMENT: Classification and brief overiew of the strain
measurerant devices, Electrical resistance strain gauge and types, gauge mg
backing material of strain gauge, adhesives used, bonding of strain gauge, c
accuracy of bonding, performance of strain gauge, strain gauge circuits, strain
rosettes.
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DIGITIZATION OF PHOTOELASTICITY: Basic concepts and methodologies 4
9 digitization in photoelasticity, formulation of problems and applications,
acquisition by digital image processing techniques, data analysis by sta
techniques, data prestation by computer graphics.
Sr. Course outcome Knowledge Level
No. | By the end of this course, the student will be able to: (Blooms Level)
1 | Recall and review principles of solid mechanics L1
2 | Understand the basics of optics as used in pélatsicity L2
3 | Interpret photeelasticity data and evaluate stress & strain from these L3, L5
4 | Apply coating techniques to analyze crack in the structure L3, L4
5 | Understand and apply strain measurement device to determine the s] L2, L3, L5
mechanical componé&n
6 | Acquire the knowledge on Moiré fringe method, digitization of phi L2
elasticity and its application in experimental stress analysis.
Suggested Books:
Sr. . Year of
NoO Name of Book/ Authors/ Publisher Publlpatlon/
' Reprint
1 ExperimenthStress Analysis, L S SringthlR RaghavanK Lingaiah G GageshaB 1984
Pant K Ramachandral'ata McGraw Hill.
5 Experimental Stress Analysi®ally, J.W. and Riley, W.F3 ed., M&Graw Hill 1991
Education.
4 e-book on Experimental Stress Analysis: K Ramesh, Published by IIT Madras, 2009
URL: http://apm.iitm.ac.in/smlab/kramesh/book_5.htm
5 Photoelastic Stress Atysis, Kuske A and G Robertson, John Wiley & Sons, Lon 1974
6 Digital Photoelasticity- Advanced technique and application, K Ramesh, Sprr 2000
Verlag.
7 Experimental Stress AnalysidC JindaJ Pearson 2012
CO-PO & CO-PEO Articulation Matrix
PO1 PO2 PO3 PEO1 PEO2 PEO3 PEO4 PEO5
Cco1 2 - 3 1 2 3 - 1
CO2 2 - 3 1 2 3 - 1
COo3 2 - 3 2 2 3 - 2
Cco4 3 - 3 2 3 3 - 2
CO5 3 - 3 3 3 3 - 3
CO6 3 - 3 3 3 3 - 3

Note: Level to be filled in the above table
1: Slight (Low)

2: Moderate (Medium)

3: Substantial (high)

. None
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https://www.paperbackswap.com/MR-Raghavan/author/
https://www.paperbackswap.com/K-Lingaiah/author/
https://www.paperbackswap.com/G-Gargesha/author/
https://www.paperbackswap.com/B-Pant/author/
https://www.paperbackswap.com/B-Pant/author/
https://www.paperbackswap.com/K-Ramachandra/author/
http://apm.iitm.ac.in/smlab/kramesh/book_5.htm
https://www.amazon.in/s/ref=dp_byline_sr_book_1?ie=UTF8&field-author=UC+Jindal&search-alias=stripbooks

Course Name : VEHICLE DYNAMICS
Course Code : MER1204

Credits : 3

LTP : 3-0-0

Course Objectives:

1 To understand the basic principles used in dynamic analysis of vehicles.
2 To gain the basic knowledge in the field of vehicle vibrations.
3 To understand the stabilitf vehicles and their effects related to longitudinal, vertical & lateral

dynamics.

Total Hr. of Lecturesi 42

Lecture wise breakup

No. of
Lectures

INTRODUCTION: Hypothetical vehicle control loop, Fundamental Approach, Vel
coordinates, motiomariables. Forces Dynamic axle loads, Static loads on level grou
aerodynamic forces on body, hitch forces, tire construction, size and load
terminology, mechanics of force generation Various kinds of vehicles; mo
mathematical modelling ethods; methods of investigations.

5

TYRE DYNAMICS: Tyre construction, physics of tyre traction on dry and wet surf
tyre forces and moments, SAE recommended practice, rolling resistance of ty
properties of tyres.

ROAD LOADS: Aerodynamic, Mechanics of pressure distributioAerodynamic forceg
lift & drag, Spoilers, Lift force, side force and roll, pitch and yaw moments, Cros
sensitivity, Rolling Resistance, Factors affecting pressure, velocity, slip temperaty
Total roadloads , Fuel Economy Effects

ACCELERATION & BRAKING PERFORMANCE: Power limited acceleratior
Static loads on level ground, aerodynamic forces on body, Fundamental Expre
Constant retardation, Wind Resistance, Power, Braking forces, Brakesindisirum,
front, rear and four wheel braking, Road friction rolling resistance, problems

VEHICLE VIBRATIONS AND RIDE CHARACTERISTICS : Excitation source$
road roughness, wheel assembly, driveline excitation, engine transmission; Whe
ResonancelHeave, pitch and roll phenomenon of dynamic motion; Rigid body bol
pitch motion; Effect of vibration on vehicle riding; Influence of pressure in tyre, align
toe in and toe out, tire wear and tire life; Human response to vibration; vehicle ridesn
road surface profile as a random function; frequency response function; evalua
vehicle vertical, longitudinal and lateral vibration in relation to ride comfort criterion

SUSPENSIONS:Suspension Kinematics, Suspension types, Solid Aklelgpenden
Suspensions, Anfbquat and AntPitch Suspension Geometry, Adilive Suspensiof
Geometry, Roll Center Analysis, Suspension Dynamics, Ndoldly vibration, Body ang
Wheel hop modes, Invariant poinSpntrollable Suspension Elemenfsctive, Semi-
Active. Choice of suspension spring rate, Calculation of effective spring rate, V
suspension in fore and apt directions.

HANDLING AND STABILITY CHARACTERISTICS:  Steering geometry; stead
state handling characteristics; Ste&@tate Corneng steadystate response to steeri

input; transient response characteristics; directional stability.
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DESIGN CASE STUDIES: Design case studies dealing with Transmissibility of fo 5
and motion, Vehicular suspension, Simulation and analysis dtMslas single degre
8 of freedom systems, half and full vehicle modelbration transmitted due to unevenns
of the roads, preliminary design of automobile suspension.

Sr. Course outcome Knowledge Level
No. | By the end of this course, the student will be abie (Blooms Level)
1 Understand the principles underlying the development and design of road L2
under the influence of dynamic loads.
2 | Analyze the tyre dynamics with respect to force & moments. L3

3 | Analyze the performece and establish the design specifications for the accel¢ L4, L6
and braking conditions

4 | Analyze the cornering forces and effects of tractive forces on cornering L4

5 |Design suspension systems for better damping and comfort L6

6 Model, simulate and access the conventional road vehicles for better ride ¢ L5, L6
through case studies.

Suggested Books:

Sr. _ Year' of '
No. Name of Book/ Authors/ Publisher Publl_catlon/
Reprint
1 Hans B Pacejka, Tire and Vehicle Dynamics,3rdifxj Elsevier Ltd. 2012
2 Amitosh D, Vehicle Dynamics, Galgotia Book Ltd., 2010
3 Werner and Karl, Ground Vehicle Dynamics,Springer Berlin Heidelberg 2008
4 Wong H, Theory of Ground Vehicles, McGraw Hill, Second edition. 2006
5 Rajesh Rajaman Vehicle Dynamics and Control, Springer, First edition. 2005
6 Rao V Dukkipati, Road Vehicle Dynamics,Springer 2008
7 Nakhaie Jazar. G., Vehicle Dynamics: Theory and Application, Springer, First eg 2008
CO-PO & CO-PEO Articulation Matrix
PO1 PO2 PO3 PEO1 PEO2 PEO3 PEO4 PEO5
Cco1 1 - 1 2 2 1 - -
CO2 2 - 2 3 3 2 - -
COo3 2 - 2 3 3 3 - 1
Cco4 2 - 2 3 3 2 - -
CO5 3 2 2 3 3 3 - 1
CO6 3 3 3 3 3 3 - 3

Note: Level to be filled in the above table
1: Slight (Low)

2: Moderate (Medium)

3: Substanial (high)

- . None
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Course Name : PRINCIPLES OF PRODUCT DESIGN

Course Code : MER1205

Credits : 3

LTP : 3-0-0

Course Obijectives: In this course, the student will be able to

1 Learn the technologies and practiapplications in the product design and development.

2 Learn how to manage a product over whole product lifecycle.

3 Understand the components and their functions in product design and development process

4

Total Hr. of Lectures-42

Lecture wise lreakup No. of

Lectures

1 OVERVIEW OF THE DESIGN PROCESS: Philosophy of Engineering Desig 3
Steps involved in the Design Procesgudves, Challenges of Product Developme
PROBLEM DEFINITION: Identifying Customer needs and requireme 6

2 Establishigy Engineering Characteristics, Quality Function Deployment (Q
Product Design Specification.

FUNCTIONAL DESIGN: Functions in engineering Design, Basics of Func 7

3 Structure, Functional analysis and its steps, Functional Basis, Fung
decompodgion and flow.

4 PRODUCT CONCEPT: Methods of concept generation, Theory of resolutior 8
inventionrelated tasks (TRIZ), Concept selection and methods of evaluation.
EMBODIMENT DESIGN: Product architecture, configuration, parametric des 8

5 systemsapproach and other consideration, Introduction to product metrics, P
evaluation techniques.

INDUSTRIAL DESIGN: Aesthetics and ergonomic aspects of product de 6

6 Concepts of Value Engineering, Evaluation of function, cost, worth and valluggeR
mode and effects analysis.

7 LEGAL AND ETHICAL ISSUES IN INDUSTRY: Origin of laws, Contracts 4
Product Liability, Tort Law, Codes of Ethics and solving ethical conflicts.

Sr. Course outcome Knowledge Level

No. | By the end of this course, the student will besabt (Blooms Level)

1 | Understand and analyze the product design and development processe L2, L4

2 | Apply and evaluate the methodologies for product design, development L3, L5
management.

3 | Differentiate between embodiment and indias design. L4

4 | Create and plan a methodical approach to the management of product L6
development to satisfy customer needs.

5 | Interpret the legal and ethical issue in product development. L4

Suggested Books:

Sr . vear of

Nc; Name of Book/ Authors/ Publishe Publl_catlon/

' Reprint

1 Engineering Design, George E Dieter, 3rd ed., McGraw Hill. 2001

2 Engineering Design, Pahl, W Beitz J Feldhusun, K G Grote, 3rd ed., Springer. 2007

3 Product Design and Development, Karl T. Ulrich, Steven D. Epping&a,MeGraw 2007

Hill.
4 The Mechanical Design Process, David G. Ullman, McGraw Hill. 2003
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CO-PO & CO-PEQ Articulation Matrix

PO1 PO2 PO3 PEO1 PEO2 PEO3 PEO4 PEO5
Co1 1 - 1 2 1 2 - -
CO2 3 - 2 2 1 2 - -
CO3 2 - 3 2 2 2 - -
CO4 3 - 3 3 2 3 - -
CO5 1 - 2 2 1 1 - -

Note: Level to be filled in the above table
1: Slight (Low)
2: Moderate (Medium)

3: Substantial (high)

. None
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Course Name : COMPUTER AIDED MANUFACTURING
Course Code : MER1206

Credits : 3

LTP : 2-0-2

Course Objectives:

To understand the working of CNC machines and various components of CNC machines.

To impart the knowledge of CNC pn@mnming for various types of machining operations.

Knowledge of computer integrated environment in manufacturing systems.

AIWIN|F

Understanding the robotics and their industrial applications

Total Hr. of Lecturesi 28
Total Hr. of Laboratory 1 28

Lecture wise breakup No. of
Lectures
Introduction: Introduction of NC, CNC and DNC Machines, Components of ( 8
machines, Control systems in CNC, CNC tooling and fixtu@es)jstruction of CNQ
machines Machine structure, Static, dynamic and thermal |@aigde vays: Friction,

1 | V-guide, Flat & dovdail, Cylindrical, Anti frictional linear motionjFeed drives:
Servomotors, Mechanical transmission system, Spindle and driBearings
Hydrodynamic, Hydrostatic and Antifriction bearingsteasuring systemsdirect,
indirect measuring and gauging, tool monitoring; Automatic tool and pallet chang
Numerical Control in Machining ProcessesCNC part programming: Structure of pg 6
programme, Preparatory functions (G); Miscellaneous functions (M),

2 | compensationSubroutines (Macros) (L), Canned cycles, Mirror image, Manual
programming, Computer aided part pr
for milling and turning operations.

Computer Integrated Environment: Integrating CAD/CAM/CAE tools, objeives, 8
product development cycle integrated with CAD/CAM tools: concept developmer
modelling, finite element analysis (FEA), rapid prototyping tools (RPT), Rapid toq

3 | Computer Aided Process Planning (CAPP), Aggregate Production Planning a
Master Production Scheduling, Material requirement planning, Capacity plar
computerized shop floor and inventory control, Enterprise Resource Planning
Simple Problems.

Industrial Robotics: Robot anatomy and attributes, Classification, Rdamitrol 6

4 | systems, End Effectors, Sensors, Accuracy and Repeatability; Applications, Rob

Programming for pick and place for Simple Problems.
List of Experiments: (if included) No. of
Hours
1 Generate and verify CNC code using Virtual CNC software 4
5 Generate CNC program for turning and milling of engineering materials using G 6
M Codes.
3 Machine complex profiles on CNC machine using auto generated CNC progran 6
4 Modelling, programming and simulation of meétxis robot manipulator 4
Programming of robot to perform: 8
5 (a) MIG welding on steel alloy
(b) Pick and Place of material
Sr. Course outcome Knowledge Level
No. (Blooms Level)
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1 | Understanding the working of CNC machines and various components of L2
machines including achine controller, servomotors, guideways, sping
bearings, tool changers, positions sensors etc.
2 | Understanding of CNC part programming and generation of CNC L2, L4
programmes for various machining operations.
3 Understanding the role of ogouter Integrated Manufacturing systems, FEA L2
tools in product development and rapid prototyping.
4 | Evaluating the robotic system for material handling and other manufaci L5
operations.
5 | Creating part programmes for robotic system for desggttie automatic L6
material handling and welding systems.
Suggested Books:
Sr . vear of
NO‘ Name of Book/ Authors/ Publisher Publl_catlon/
) Reprint
1 CAD/CAM Principles and Application® N Rao, Tata McGraill. 2010
5 System Approach to Computetdgrated Manufacturing, Nanua Singh, Wiley 1996
&Sons Inc.
Computer Aided Manufacturing, Rao. P, N Tewari &T.K. Kundra, Tata 2000
McGraw Hill Publishing Company,
The Fourth Industrial RevolutioKlaus SchwapPenguin Random House 2017
Robotic Ehgineering An Integrated Approach, R. D. Klafter, T.A. Chmielews 2007
M. Negin, PHI.
6 Fundamentals of Robotics: Analysis & Control, Robert J. Schilling, Pearsor 2000
Education.
CO-PO & CO-PEQ Articulation Matrix
PO1 PO2 PO3 PEO1 PEO2 PEO3 PEO4 PEOS
Co1 2 -- 3 3 2 2 - 2
CO2 3 -- 3 3 2 2 -- 3
CO3 2 -- 2 2 2 3 - 2
CO4 3 -- 3 3 3 3 -- 3
CO5 3 -- 3 3 3 3 -- 3

Note: Level to be filled in the above table
1: Slight (Low)

2: Moderate (Medium)

3: Substantial (high)

- None
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CourseName : PRECISION ENGINEERING
Course Code : MER1207

Credits : 3

LTP 3-0-0

CourseObijectives:

1.To understand the concept of precisionimegying and its principles.

2. Tofamiliarizetheimportanceasapplicableto instrumentsaandmachines.

3.To familiarize with MEMSprinciple, elementsharacteristicslesign and application.
4. Tofamiliarize withthe nanotechnologgnd electrochemical atoonbit processing.

Total Hr. of Lecturesi 42

Lecture wise breakup No. of
Lectures

1 CONCEPT OF PRECISION ENGINEERING: Introduction to accuracy & 6
precision,needand applicationsof precisionengineering,Tool basedMicro & Ultra
precision processesMaterials for tools and machine elements,ceramic, CBN &
diamondmicro tools.

2 ULTRA -PRECISION MACHINE ELEMENTS: Introductionof GuidewayspPrive 6
systems, Spindle drive, preferred numbers, Rolling elements, hydrodynamic &
hydrostatidbearingspneumatidearing.

3 MEMS: Introduction, Principle, Elements, Characteristics Design, applicationsin 6
automobile defense, aerospace, medisattors.

4 ERROR CONTROL: Error, Sources, Static stiffness, Variation lné tcutting force, 7
total compliancelMachining methodanilling, drilling, grinding; Thermal effectsheat
source, heat dissipation, Stabilization, decreasing of thermal effects; effémtseaf
vibration on accuracyclamping& settingerrors,errorsdueto locationsand Control,
principle of constantocationsurfaces.

5 SURFACE ENGINEERING: Surface finish, Relationship between attainable 5
tolerancegradesand different machiningprocessesCumulativeeffect of tolerances
surefit law, normallaw andtruncatechormallaw relatedto surfacefinish.

6 FUNDAMENTALS OF NANOTECHNOLOGY: System of nanoemeter 6
accuracies, Mechanism of metal Processing, Nano physical processing of aton
units,NanotechnologwandElectrochemicahtomicbit processing.

7 MEASURING SYSTEMS: In-processing and isitu measurement of position, Pos 6
process and orrmachine measurementsdimensional, mechanical and optical
measuringystems.

Sr. Course outcome Knowledge Level

No. (Blooms Level)

CO1 | Understanding the conceand need for Precision Engineering. L2

CO2 | Apply the concept of precision engineering and its principle in the- L3
precision domain.

CO3 | Analyse the tolerance grades and physical processes applied to L4
engineering.

CO4 | Design the variousomponents of MEMS for different industries. L6

CO5 | Measure and Judge to select different measuring systems used in pr L5
engineering.

CO6 | Estimate the error and analyse the thermal effects on machining m¢ L5
applied to manufacturers of precisicomponents.
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Text Books:

Sr. | Nameof the Book/ Authors/Publisher Year of

No. Publication/Reprint

1 |NakazawaH. Principlesof PrecisionEngineeringOxford University Press, 1994

2 | NanoTechnologyNorio Taniguchi,Oxford UniversityPress. 1996

3 Precision Engineering in Manufacturing, Murthy R. L., New Age 1996
InternationalP) Limited.

4 Geometric Dimensioning and Tolerancing, JamesD. Meadows, Marcel 1995
DekkerlInc.

CO-PO & CO-PEO Articulation Matrix

PO1 PO2 PO3 PEO1 PEO2 PEO3 PEO4 PEOS
Co1 2 2 2 1 3 3 3 2
CO2 2 3 2 2 1 2 2 2
CO3 3 1 1 2 3 2 2 2
CoO4 2 1 3 2 2 2 2 1
CO5 2 3 1 3 1 3 3 1
CO6 2 1 2 2 2 1 1 2

Note: Level to be filled in the above table
1: Slight (Low)

2: Moderate (Medium)

3: Substantial (high)

-: None
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CourseName : COMPOSITE MATERIALS
Course Code : MER1208

Credits : 3

LTP : 2-0-2

CourseObjectives: Toimpartthe knowledgeaboutthe

1. Matrix, interfacesfibers,whiskersbeingusedin fabricationof composites.

2.Polymer matrix composites,metal matrix composites,ceramic matrix composites,carbonrcarbon
compositeandtheir manufacturing.

3. Testing,propertiesandapplicationsof differentcompositematerials.

4.4.Post processingnd micromechanics of composites.

Total Hr . of Lecturest 28
Total Hr. of Laboratory i 28

Lecture wise breakup No. of
Lectures

Composite: Definition, characteristicsfunctions, classificationbasedon structureand 4
matrix, smartcompositesadvantagesnd limitations, industrial sceneandapplications
1 Interfaces: wettability and bonding interface in composites,types of bonding at
interface. Fibers: types, natural, glass, boron, carbon, Ex-Pan carbon, Ex cellulose
cabon, Ex-Pitch carbon,andaramidfibers, fiber structure properties applications and
recycling;Whiskers: characteristicgropertiesandapplications.

Polymer matrix composites (PMC): Thermoset, thermoplastic and elastomeriq 4
polymers, propertiegharacteristics and applications as matrix materials, process
2 | polymermatrix compositeshandmethods]ay up method,sprayup method,moulding
methods, pressure bagging and bag moulding methods, pultrusion and filament
process.

Metal matrix composites (MMC): Classification of metals, intanet al | i ¢ 6 4

3 their potential role as matrices in composites; properties, characteristics and app
of MMCs, productiontechniquespowdermetallurgy,diffusion bonding, melt stirring,

squeezeasting liquid infiltration underpressurespraycodeposition,in-situ process.

Ceramic matrix composites (CMC): Classification of ceramics and their potentizk 4
asmatrices;propertiescharacteristicendapplicationsof CMC; Production techniques
4 cold pressingand sintering, hot pressing,reactionbonding, hot pressingnd reaction

bonding,liquid infiltration, pultrusion,lanxide processjn-situ chemical technigque, sd
gel techniquePost processing of CM@nachining, cutting, pashing,welding, riveting,
painting,and plasma&oating.

Carbon Carbon Composites(CCC): Classificationof carbonandtheir potentialrole 4
5 |asmatrices;Productiontechniquesof CCC; Propertiescharacteristiceand applicationg

of CCC.

Testing of Composites: Mechanical testing of composites, tensile and compre 4

testing, Intrdaminar and Intetaminar shear testing, Fracture testir8jiffness an
6 |Strength: Geometricalaspects/olume and weight fraction. Effect of unidirectiona
continuous fiberdiscontinuous fibers, short fiber, woven reinforcements on mech
properties.

Laminates: Types, Symmetric Laminates, Anti-symmetric Laminate, Balanceq 4
Laminate, Quastisotropic Laminates, Crossply Laminate, Angle-ply Laminate
7 OrthotropicLaminate,VolumeandMassFractionsDensityandVoid Contentlaminate
Moduli, Approachesand Models of Four Elastic Moduli, Hygrothermal Stresseg
Strengthsof unidirectional Lamina, Coefficients of thermal, moisture expansioand
Warpageof laminates.
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Sr. List of Experiments No. of Lab

No. Hours

1 Fabricatiorof Al/SiC-MMC specimen 6

2 Fabricationof PMC by Layupmethod 6

3 Fabricateand preparethe MMC specimensas per standardsize, performtensile 8
andcompressivéests,andanalyzethetestresults

4 A projectwork on machiningandjoining of CMC materials 8

CO | Course outcome Knowledge Level

(Blooms Level)

CO1 | Understand the mechanical behavior of layered composites compa L2
isotropic materials.

CO2 | Design and develop the process toritzdie different types of composi L6
materials.

CO3 | Evaluate the mechanical properties and strength of composite materials. L5

CO4 | Select and apply the process develop composites, and apptgnstitutive L3
equations to acquire the knowledge mecharbeslavior at micro, macro arn
meso level.

CO5 | Analyze the mechanical behavior of composites due to variation in tempe L4
and moisture.

SuggestedBooks:
Sr. | Nameof Book/ Authors/ Publisher Year of
No. Publication/
Reprint
1 CompositeMaterids: ScienceandEngineeringK. K. Chawla,Springer 3e 2013
2 CompositeMaterials,EngineeringandSciencesk.L.Matthews& R.D.Rawlings, 1994
Chapman &hall, London,
3 HandBook of CompositesGeorgelubin. Van Nostrand ReinholdCo. 1982
4 FiberreinforcedcompositesP.K.Mallicak,Monal DeklarInc., New York, 1988 1988
5 Principlesof CompositeMechanicsR.F.Gibson,2ndEd.,CRCPress. 2007
CO-PO & CO-PEO Articulation Matrix

PO1 PO2 PO3 PEO1 PEO2 PEO3 PEO4 PEOS5
CO1 3 1 2 1 3 2 3 2
CO2 2 3 1 2 1 3 2 -
CO3 2 1 2 3 3 3 2 3
CO4 2 2 1 2 1 1 2 2
CO5 2 2 3 3 1 2 3 1

Note: Level to be filled in the above table
1: Slight (Low)

2: Moderate (Medium)

3: Substantial (high)

- . None
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CourseName : MANUFA CTURING MANAGEMENT & LOGISTIC SYSTEMS
CourseCode : MER1209

Credits : 3

LTP : 21 U2 212

CourseObjectives:

Themain objective®f this coursare:

1. | To providebasicunderstandingn managemerf manufacturingystems.
2. | Todetermingoroperlocation anddesignthe plant suitabléayout.
3. | To provide basic understandingand application of suitable methodsof sale$orecastingfor
variousfirms, to identify suitabletechniquedor job assignment®n variousnachines.
4. | To provideunderstatingf latestschedulingechniques
5. | To provide basic understanding,recent trends and potential of Supply Chain Management|
Total Hr. of Lectures: 28
Total Hr. of Tutorial s: 07
Total Hr. of Laboratory: 14
Sr. CourseContents No. of
No. Lectures
1. | Manufactuing Systems:Types and Applications, Facilities location andLayout 07
Mathematical Models for single facility location using Euclidean and Rectiling
distances. Layout Desidteuristialgorithms:CRAFT, ALDEP andCORELAP.
Methodsof forecastingTime Series,Correlationandregressioranalysis,exponential 07
smoothingfor seasonatlata. Measuringforecastingaccuracy.
Sequencingand Job scheduling. Inventory control Systems, MRP, MRP-Il ang 07
ERP.ProjectManagemeni echniquesProjectscheduligwith resourceconstraints.
Supply Chain Managemen®bjectivesand Key elements: sourcinglistribution 07
strategy,customerservicestrategy,Genericactivities, architectureof supply Chain,
RecentrendsandFuturepotential:Reverse logistics|T i I, Milk Round System, Ba
coding, Hub andpokeconceptand othetatest concepts
Lab Work
List of Experiments: No. of Lab
Hrs
1. | CaseStudybasedon Layout Designof industryusingHeuristicalgorithmsCRAFT, 2
ALDEP andCORELAP.
2. | Discussioronthecollecteddataon the Designof plantlayouts 2
3. | CaseStudybased on forecastingethodg¢o compute théuturedemands, usingctual 2
salesandproduction dataf industry.
4. | CaseStudybasedon calculationof forecastingerrorsusingMAD, Biasand MAPE 2
methods
5. | CaseStudybased orob sequencingnd job schedulingf nearbyindustries 2
6. | CaseStudyto computethe EOQsand conductthe ABC analysison some item®f 2
anindustry.
7. | Discussioronthecollecteddataon theinventorylevelsof the industries 2
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CourseOutcomes

Sr. _ Knowledge Leve
No | Attheendof thecourse studentswill (Blooms Level)
Understandhebasicconceptof varioustypesof manufacturingystems and
1 . . L1
able to design variolRlantlayouts.
2 |Understad the basicconceptsaandapplicationof forecastingechniques L2
3 Apply the inventorycontrol modelsof MaterialsManagementMRP and L6
MRP-II
4 | Comeup with newideasfor Sequencingndschedulingf jobsin theindustry. L6
5 |Apply theProjectmaragementechniquesn actualprojects. L3
6 |Implement the basics @upply Chain Managementn various firms L3
Suggested Books:
Year of
Sr. . .
No Name of Book/ Author/ Publisher Publication/
Reprint
1 | ProductiorManagementBuffa andSarin,JohnWiley Publication. 2007
2 | OperationsResearchi An Introduction: A.H. Taha, Macmillan Co.New York 2007
3 ManufacturingOperationsand Supply chain managemen{The LeanApproach 2000
Taylor & Brunt, BusinesfressThomsot.earning,NY
4 | ComputerAided Prodwction ManagementP. B. MahapatraPHI, India 2004
Fundamentalsf SupplyChainManagementhyy Dawei Lu, Ventug?ublishingAps 2011
6 | OperatiorResearchGuptaandHira, S. ChandPublication,Delhi 1976
Logistic ManagementThe Integrate®upplyChan Procesdy Donalad Bowersox
7| McGrawHill, NY. 1996
CO-PO & CO-PEO Articulation Matrix
PO1 PO2 PO3 PEO1 PEO2 PEO3 PEO4 PEO5
Cco1 3 3 1 3 2 1 3 -
CO2 3 2 3 1 2 2 2 1
COo3 3 2 2 1 1 3 3 3
Cco4 2 2 - 2 3 3 3 1
CO5 2 2 1 3 2 2 3 2
CO6 3 3 2 3 3 3 2 -

Note: Level to be filled in the above table
1: Slight (Low)

2: Moderate (Medium)

3: Substantial (high)

> None
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Course Name ) CONVECTIVE HEAT AND MASS TRANSFER

Course Code : MER1210

Credits : 3

LTP ) 3-0-0

Course Objectives:

To understand basic principles of free and forced convection heat transfer processes.

To beable to formulate and solve convective heat transfer problems.

To be able to evaluate energy requirements for operating a flow system.

AIWIN|F

To understand the mass transfer processes.

Total Hr. of Lecturesi 42

Lecture wise breakup No. of
Lectures

INT RODUCTION: Basics of thermodynamics, Fluid mechanics and heat trar 4
1 Continuity, momentum and energy equations, Reynolds transport theorem, R
scale analysis, Concept of heat line visualization.

LAMINAR FORCED CONVECTION - EXTERNAL FLOWS: Boundary layer 9
5 concept, velocity and thermal boundary layer, Governing equations, Sim

solutions, Various wall heating conditions, Flow over sphere, wedge and stag
flow.

LAMINAR FORCED CONVECTION - INTERNAL FLOWS: Fully developed 5
laminar flow: Constant heat flux, Constant wall temperature, Mean temperature
developed temperature and velocity profile, Thermally developing flow and the
hydraulical developing flow.

EXTERNAL NATURAL CONVECTION: Governing equations for natur 7
4 convection, Boussinesq approximation, Dimensional analysis, Boundary

equations, Scale analysis, Low and high Prandtl number fluids, Combined natu
forced convection.

INTERNAL NATURAL CONVECTION: Scaling analysisiNatural convection ir 6
5 enclosurs: Isothermal and constant heat flux, Sials and triangular enclosure
Heated from below, Inclined enclosures, Annular space between horizontal cyl

TURBULENT BOUNDARY LAYER FLOW: Transaction to turbulent flow 6
Turbulent flow and its chargaristics, Boundary layer equations, Mixing length mo
Flow over a single cylinder, Cro$l®w over array of cylinders, Natural convecti
along vertical walls, Turbulent duct flow and Free turbulent flows.

MASS TRANSFER: Introduction to mass trafes, Concentrations, velocities ar 5

7 mass fluxesioverning equations of mass transf8pecies mass balance, constitut
equations, Boundary conditions, Heat and mass transfer analogy, Impermeable,

model, Mass transfer driven flows and Simultandumest and mass transfer.

Sr. Course outcome Knowledge Level
No. (Blooms Level)

1 Revisit the basics of thermodynamics, heat transfer and fluid mechanicg L2

2 | Apply the concepts of convective heat transfer to solve the probler L3
theoretical and pddical interest.

3 Analyze thermehydrodynamics of internal and external, laminar L4
turbulent, and natural and forced convection flows.

4 Optimize, evaluate, and design the convective heat transport based t L5, L6
systems.

5 | Analysis and pplication of mass transport principles to cooling tow L4
condensers, and humidifier/dehumidifier.
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Suggested Books:
sr. | vear of
No Name of Book/ Authors/ Publisher Publl_catlon/
' Reprint
1 Convection Heat Transfer, A. Bejan, John Willey and Sons, Xank. 2001
2 Convective Heat Transfer, Louis, C. Burmeister, John Willey and Sons, New Y| 2003
3 Convective Heat and Mass Transfer, Kays and Crawf8r&d4, McGraw Hill. 2017
Convective Heat and Mass Transfer, S. Mostafa Ghiaasiaan, SouthEskizm,
4 : ; 2014
Cambridge India
5 Fundamentals of Convective Heat Transfer, Gautam Biswas, Amaresh Dalal 2019
K. Dhir, I*ted., CRC Press.
CO-PO & CO-PEQ Articulation Matrix
PO1 PO2 PO3 PEO1 PEO2 PEO3 PEO4 PEO5
Cco1 - - 1 1 - - - -
CO2 1 - 2 1 - - - 1
CO3 1 - 3 2 1 1 - 2
CO4 3 - 3 3 3 3 - 3
CO5 2 - 3 3 2 3 - 2

Note: Level to be filled in the above table
1: Slight (Low)
2: Moderate (Medium)
3: Substantial (high)
- None
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Course Name : DESIGN OF THERMAL SYSTEM
Course Code : MER1211

Credits : 3

LTP : 3-0-0

Course Objectives:

To provide the knowledge of various mathematical techniques used in design and optimiz

1 thermal systems.
2 To model and simulate the different thermal engineering problems.
3 To give an insight of a commercial software for modellingysation and optimization of the therm

systems.

Total Hr. of Lecturesi 42

Lecture wise breakup No. of
Lectures
ENGINEERING DESIGN: Design versus Analysis, Design versus Synthg 07
Selection versus Design, Design as part of Engineering Enterpsesc
1 Characteristics of Thermal System, Basic Consideration in Design, Conc
Design, Basic steps in design process, Computer Aided Design of Thermal S
Material Properties and Selection for Thermal System.
MODELING OF THERMAL SYSTEM: Introduction, Types of Mode 07
5 Mathematical Modeling, Physical Modeling and Dimensional Analysis, Importan
Modeling in Design, Basic Features of Modeling, Type of Models, General proc
of mathematical modeling, physical modeling and dimensional asalysi
NUMERICAL MODELLING AND SIMULATION:  Numerical Model, Solutior 07
3 Procedure, Numerical Model of a System, System Simulation, Methods of Nun
Simulation.
ACCEPTABLE DESIGN OF THERMAL SYSTEM: Initial Design, Design 07
4 Strategies, Design of Systein different application areas such as manufactu
electronics, environment, heat transfer and fluid flow, Additional Consideratig
Large Practical Systems.
PROBLEM FORMULATION FOR OPTIMIZATION: Introduction to 07
5 Optimization in Design, BasicConcepts, Optimization methods, Import:
Considerations for Optimization of Thermal System, Different Types of The
System, Practical Aspects of Thermal Design.
THERMAL SYSTEM  ANALYSIS AND SIMULATION USING 07
COMMERCIAL SOFTWARE: Modelling Perioit Flow and Heat Transfe
6 Laminar Flow Convection, Turbulent Forced Convection, Compressible FIg
Nozzle, Modelling Cavitation, Solidification and Steady and Unsteady Flow R
Cylinder, Flat Plate Boundary Layer.
Sr. No Course Outcome _ Knowledge Level
" | By the end of this course, the student will be able to: (Blooms Level)
1 Identify and examine a design problem associated to a thermal syst L4, L5
2 Understand basics of modeling and their associated techniques. L2, L3
3 Develop an ability @ identify, formulate, and solves engineer L4 L5
problems ’
4 Design and optimize thermal systems by utilizing mathematical tools L5, L6
5 Design and optimize thermal systems by using commercially ava L5 L6
software. ’
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Suggested Books:
Sr . vear of
NO‘ Name of Book/ Authors/ Publisher Publl_catlon/
) Reprint
1 Design and Optimization of Thermal System, Y Jalurided., CRC Press. 2020
2 Heat Transfer, Cengel and Bole¥ &d., McGraw Hill. 2002
Thermal Design and Optimization, A Beja@, Satsoranis and M Moran!2ed.,
3 ) . 1996
Wiley Inderscience.
Computational Fluid Dynamics, Versteeg and Malalasekhetagdl, Longman
4 R ; 2007
Scientific & Technical.
CO-PO & CO-PEQ Articulation Matrix
PO1 PO2 PO3 PEO1 PEO2 PEO3 PEO4 PEO5
Cco1 2 - 1 2 1 2 - 2
CO2 1 - 1 1 1 1 - 1
CO3 2 - 2 3 2 3 - 3
CoO4 3 - 2 3 2 3 - 3
CO5 3 - 3 3 3 3 - 3

Note: Level to be filled in the above table
1: Slight (Low)

2: Moderate (Medium)

3: Substantial (high)

. None
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Course Name : ADVANCED AUTOMOTIVE TECHNOLO GY
Course Code : MER1212

Credits : 3

LTP : 2-0-2

Course Objectives:

1 To develop an understanding of all the-sa@imponents of an automotive vehicle.
2 To give knowledge about all the controlling and electronic components.
3 To gain the knowledgabout new technologies being used in automotive vehicles.

Total Hr. of Lecturesi 28

Lecture wise breakup

No.
Lectures

of

INTRODUCTION: History of Automotive engineering, Classification
Automotive vehicles, Different subystems in automotive velés.

1

COOLING AND LUBRICATION SYSTEMS: Fundamentals of Friction and We;
Introduction to Engine Friction, Total Engine Friction, Effect of Engine Variable
Friction, Hydrodynamic Lubrication, Elasttyydrodynamic Lubrication, Boundat
Lubrication, Bearing Lubrication, Functions of The Lubrication System, Introdug
to Design of a Lubricating System, Theory of Coolifgibricant Specific
Requirements for Automotive Lubricants, Oxidation Deterioration and Degradat
Lubricants, Additives and Adiive Mechanism, Synthetic Lubricants, Classificat
of Lubricating Oils, Properties of Lubricating Oils, Tests on Lubricants. Grg¢
Classification, Properties, Test Used in Grease, Solid Lubricants

3

FUELS, FUEL SUPPLY SYSTEMS, AND FUEL RATING: Themo-Chemistry of
Fuels, Properties and Testing of Fuels, Relative Density, Calorific Value, Distill
Vapour Pressure, Flash and Fire Point, Spontaneous Ignition Temperatuse
Ignition Temperature, Viscosity, Cloud and Pour Point, Flammability tdbiity,

Diesel Index, Api Gravity, Aniline Poinfuel Supply Systenfuel injection systen
for petrol and diesel engines, fuel pumps (mechanical and electrical), air fug
requirements, carburetors: types and general operation throttle body aimbimu
fuel injection systems, electronic control module and sensing de¥aoekRating

Knocking, Octane Rating, CFR Engine, Fuel RequiremésisAnd Cl Engine,
Cetane Rating. Additive Mechanism, Requirements of an Additive, Petrol F
Additives aml Diesel Fuel Additive$ Specifications of Fuels

TRANSMISSION, BRAKING, SUSPENSION, AND STEERING SYSTEMS:
Clutch function and types, torque converters; fluid flywheel; manual and autg
transmission/ trans axles; constant mesh & synchro mesh ogearbepicyclic
gearbox, differential, propeller shafts and universal joint front and rear &xkdee
Systems, Wheel & TyreBraking efficiency and stopping distances. Types of brg
Drum and disc brakes. Detailed description of hydraulic and pnéurbedke.
Mechanical, vacuum and electrical methods of brake actuation, servo brakes
type of wheels, tyres, type of tyres; cross ply, radial tubeless etc. specification o
Suspension SysterRoad springs, shock absorbers, independent suspemsiad
springs, air suspension, hyeetastic suspensioteering Systensteering geometry
details, correct steering angle, Ackerman steering mechanism. Cornering pow¢
steering and under steering. Worm wheel and Rack pinion types of steenng
Safety steering columns, power steering.

STARTING AND IGNITION SYSTEM: Condition at Starting, Behavior of Start
During Starting, Series Motor and its Characteristics, Principle and Construct
Starter Motor, Bendix Type, Solenoid Operated #xle Type of Starter Motor
Overrunning Clutch, Over Running Clutch Working of Different Starter Drive U

Care and Maintenances of Starter Motor, Starter Switches. Spark Plugs. A
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Mechanisms. Different Types of Ignition Systeritectronic Igniton System and it
Types.

ELECTRICAL SYSTEMS: Principle and Construction of Lead Acid and Lithiu
lon Battery, Characteristics of Battery, Rating Capacity and Efficiency of Batt
Various Tests on Batteries, Maintenance and Charging. Lightinger8ysind
Photometry: Insulated and Earth Return System, Details of Head Light and Side
LED Lighting System, Head Light Dazzling and Preventive Metliodsrns, Wiper
System and TrafficatoCharging System

Generation of Direct Current, Shunt Generditaracteristics, Armature Reactid
Third Brush Regulation, Cutout. Voltage and Current Regulators, Comper
Voltage Regulator, Alternators Principle and Constructional Aspects and E
Rectifiers, New Developments.

SENSORS AND ACTUATORS: Types of Sensors: Speed, Throttle Positi
Exhaust Oxygen Level, Manifold Pressure, Crankshaft Position, Coolant Tempe
Exhaust Temperature, Rain, Headlight and Attéft Sensors, Hot Wire Anemomet
and Air Mass Flow Sensor For Engine Application. 8oids, Stepper Motors, Rela

ELECTRONICS SYSTEMS: Current Trends in Automotive Electronic Engi
Management System, Types of EMS, Electromagnetic Interference Supprs
Electromagnetic Compatibility, Electronic Dashboard Instruments, Onk

Diagrnostic System, Security, Warning System, Infotainment and Telematics

List of Experiments

No. of Lab
Hours

1

To study and prepare report on the constructional details, working principles
operation of the Automotive Engine Systems & Sub Systems.

4

To study and prepare report on the constructional details, working principles
operation of the Fuels supply systems.

To study and prepare report on the constructional details, working principles
operation of the Automotive Clutches.

To dudy and prepare report on the constructional details, working principleg
operation of the Automotive Transmission systems.

To study and prepare report on the constructional details, working principles
operation of the Automotive Drive Lines Rifferentials.

To study and prepare report on the constructional details, working principles
operation of the Automotive Suspension Systems.

To study and prepare report on the constructional details, working principles
operation of the Atomotive Steering Systems.

To study and prepare report on the constructional details, working principles
operation of the Automotive Tyres & wheels.

To study and prepare report on the constructional details, working principles
operationof the Automotive Brake systems.

10

To study and prepare report on the constructional details, working principles

operation of Automotive Emission / Pollution control systems.
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Sr. Course outcome Knowledge Level
No. (Blooms Level)
1 |[Realheended and i mportance of s L4
mechani cal engineer s.
2 l dentify and compare the relatiyv L 3, L4
systems and components in an aut
3 |Explain workingaofi oluG esndisiyess eans L5
4 |Classify and illustrate sensors L2, L4
5 |[Explain recent advancements in f L2
Ssystems
6 |[Explain and illusysaémsviani austom L5
Suggested Books:
Sr . vear of
NO‘ Name of Book/ Authors/ Publisher Publl_catlon/
) Reprint
1 Automobile Engg., Kirpal Singh, Standard Publication distributors, Delhi Vol. | 2009
Vol. |l
5 Encyclopaedia of Automotive Engineerjrig. Crolla, D. E. Foster, T. Kobayashi 2015
and N. Vaughan (Editoiig-Chief), Parts 36, Wiley
3 Automotive Engineering Fundamentals, R. Stone and J. K. Ball, SAE Internati 2004
4 The Motor Vehicle, T. K. Garrett, K. Newton, and W. Steedsfed3 SAE 2001
International.
5 Internal Combustion Engines, V. GanesdhEgition, Tata McGraw Hill. 2007
6 Modern Electric, Hybrid Electric and Fuel Cell Vehicles: Fundamentals, Theory 2010
Design, M. Ehsani, Y. Gao and A. Emad¥ Rdition, CRC Press.
7 Car Suspension and Handling, D. B. Astow, G. Howard and J. P. WhiteHez, 4 2004
SAE International.
CO-PO & CO-PEO Articulation Matrix
PO1 PO2 PO3 PEO1 PEO2 PEO3 PEO4 PEO5
CO1 2 - 1 2 2 1 - 1
CO2 1 - 2 1 2 2 - 1
CO3 3 - 3 3 3 3 - 2
CO4 2 - 2 2 2 2 - 2
CO5 1 - 1 1 1 1 - 1
CO6 3 - 3 3 3 3 - 3

Note: Level to be filled in the above table
1: Slight (Low)

2: Moderate (Medium)

3: Substantial (high)

. None
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Course Name : MICRO -NANO SCALE HEAT TRANSFER

Course Code : MER1213

Credits : 3

LTP : 3-0-0

Course Objectives:

To understand the basic concept of micro/nano scale heat transfer and miefloddano

To understand the conduction, convection and radiation heat transfer at micro/nano scale.

To study the thermal energyorage and transport system.

AIWIN|F

To know the basics of mictiuidics based devices for micftow and biological systems.

Total Hr. of Lecturesi 42

Lecture wise breakup No. of
Lectures

INTRODUCTION: Micro-Nano Scale Phenomena, Basics of Micro/N&uale 7
Heat Transfer and Fluid Mechanics, Miniaturization, Difference between Micr(
1 Macro Scale Heat Transfer Phenomena, Impact of Milao Technology, Statistici
Thermodynamics, Quantum Mechanics, Thermal Properties of Molecules and |
Theory.

THERMAL TRANSPORT IN SOLID MICRO -NANO STRUCTURES: Electron 7
and Phonon Scattering, Size Effects, Quantum Conductance, Electronic Band
Tunneling, Norequilibrium Heat Conduction and Analysis of Solid State Devices
Thermoelectric Refrigerain and Optoelectronics.

HEAT TRANSFER AT MICRO -NANO SCALE: Fundamentals and Engineeri 10
Applications, Methods and Observations of Theifysical Phenomena in Siz
Affected Domains, Principal Concepts and Practical Design Enginedviodern
Engineerng Applications Micro-channel Heat Sinks, Micro Heat Exchangers
Micro Heat PipesFundamentals of Nano Scale Thermal Phenomena in FiNiaiso
Scale Thermal Phenomena, Naswale Thermal Radiation and Radiative Prope
of Nancematerials, Surface Ettromagnetic Waves, Problems on Misgale
Conduction, Convection and Radiation Heat Transfer and Modeling.

THERMAL ENERGY STORAGE AND TRANSPORT: Storage by Conduction i 7
Natural and Engineered Structures, Thermal Energy in Two Carriers, |.E.ridrend
Electrons, SolieState Transport, Quantum of Thermal Conductance, Bal
Interface Resistance and Carrier ScatterBigk Material Properties Thermal and
Electrical Conductivity Derived from Particle Transport Theories, Effects of Sy
Confinement on Bulk Properties.

MICRO -FLUIDICS: Introduction, Important forces and scaling analysis, Gover 5
eguations, Fluids flowing in miniaturized systedpplications Fluid control devices
gas and fluid measurement devices, medical testing egnigrand implantable dru
pumps.

NANO-FLUIDICS: Introduction, Fundamentals of Naflaidics, Nanofluidic 6
Energy AbsorptionConverting Mechanical Energy to Thermal Enefgginofluidic
6 Energy Tapping Temporarily Storing Mechanical Energdanofluidic Actuation
Converting Thermal/Electrical Energy to Mechanical Enefggncfluidic Energy
Harvesting Converting Thermal/Mechanical Energy to Electrical Energy.
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Sr. Course outcome Knowledge Level
No. (Blooms Level)
1 | Understand the difference amg the heat transports phenomena at ma L2
micro, and nanscale.
2 | Apply the concepts of the thermal energy storage and transport atmaiwo L3
scale systems.
3 | Analyze the heat transfer processes occurring by means of condl L4
convection andadiation at small scale.
4 | Examine heat storage and heat transfer in solids at m&to structure levelg L5
and transport behaviour in miemano fluidic applications.
5 | Evaluate the performance of miflaidic and nanefluidic system, and develo L5, L6
new system.
Suggested Books:
sr. | Year of
No Name of Book/ Authors/ Publisher Publl_catlon/
' Reprint
1 Micro-scale and nanscale heat transfer Fundamentals and engineeri 2008
applicationsC.B. SobhanG.P. PetersqrCRC press.
Micro-scale heat transferFundamentals and applicat®in biological and micro 2004
2 electremechanical systems,diors: S. KakagL.L. Vasiliev, Y . Bayay
Yener, Springer.
Nano/Microscale Heat Transfethuomin ZhangMcGraw-Hill 2007
4 Thermal Energy at the Narszale- Lessons from Nano science, A Lecture Ng 2013
Series,Timothy S Fisher
5 Micro fluidics and Nano fluidicss Theory and Selected ApplicatiorGlement 2013
Kleinstreuey Wiley.
6 Introduction to Micrefluidics, Patrck Tabeling Oxford University Press 2010
7 Introduction to BieMEMS, Albert Folch CRC press 2012
CO-PO & CO-PEOQ Articulation Matrix
PO1 PO2 PO3 PEO1 PEO2 PEO3 PEO4 PEO5
Cco1 1 - 1 1 - - - -
CcO2 2 - 2 1 - - - 2
CO3 2 - 2 2 2 2 - 3
Cco4 3 - 3 2 3 2 - 3
CO5 3 - 3 3 3 3 - 3

Note: Level to be filled in the above table
1: Slight (Low)

2: Moderate (Méium)

3: Substantial (high)

. None
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http://www.amazon.in/C.B.-Sobhan/e/B001JS9V3E/ref=dp_byline_cont_book_1
http://www.amazon.in/s/ref=dp_byline_sr_book_2?ie=UTF8&field-author=G.P.+Peterson&search-alias=stripbooks
http://link.springer.com/search?facet-author=%22S.+Kaka%C3%A7%22
http://link.springer.com/search?facet-author=%22L.L.+Vasiliev%22
http://link.springer.com/search?facet-author=%22Y.+Bayazito%C4%9Flu%22
http://link.springer.com/search?facet-author=%22Y.+Yener%22
http://link.springer.com/search?facet-author=%22Y.+Yener%22
http://www.amazon.com/s/ref=dp_byline_sr_book_1?ie=UTF8&field-author=Zhuomin+Zhang&search-alias=books&text=Zhuomin+Zhang&sort=relevancerank
http://www.amazon.com/Timothy-S-Fisher/e/B00EA9M5BE/ref=dp_byline_cont_book_1
http://www.amazon.com/s/ref=dp_byline_sr_book_1?ie=UTF8&field-author=Clement+Kleinstreuer&search-alias=books&text=Clement+Kleinstreuer&sort=relevancerank
http://www.amazon.com/s/ref=dp_byline_sr_book_1?ie=UTF8&field-author=Clement+Kleinstreuer&search-alias=books&text=Clement+Kleinstreuer&sort=relevancerank
http://www.amazon.com/s/ref=dp_byline_sr_book_1?ie=UTF8&field-author=Patrick+Tabeling&search-alias=books&text=Patrick+Tabeling&sort=relevancerank
http://www.amazon.com/s/ref=dp_byline_sr_book_1?ie=UTF8&field-author=Albert+Folch&search-alias=books&text=Albert+Folch&sort=relevancerank

Departmental Elective Courses

Department Elective 2
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Course Name : COMPUTER AIDED DESIGN
Course Code : MER1251

Credits : 3

LTP : 2-0-2

Course Obijectives:In this course, the student will be able to

1. Learn the basic principles of geometric modeling and surface visualization.

2. Learn the theory and characteristics of curves and surfaces used to represent eggineetires.

3. Acquire the knowledge for generating high quality images of geometric models.
4. Learn how the CAD tools are used to integrate databases.

Total Hr. of Lecturesi 28
Total Hr. of Laboratory 1 28

Lecture wise breakup

No.

Lectures

of

INTRODUCTION: Computer in Engg Design, computer aided design, Essé
requirement of CAD system, applicatisaftware necessity and benefits of CAD, en
application of CAD

2

COMPUTER GRAPHICS SYSTEM: Advantages and application of Integraf
Compuer Graphics, graphics systems hardwares, graphics input devices, g
display devices, graphics output deas¢graphics system softwares

OUTPUT PRIMITIVES: Image representation in computers, scan conversio
primitive objects like points, linescircles, ellipse by digital differential analyz
algorithm and Bresenham drawing algorithm

2D GEOMETRIC TRANSFORMATION: Transformations of geometric mode
basic transformation like translation, rotation, scaling and complex transformatig
reflection and shear, Matrix representation 6D 2transformation, homogeneo
transformation of 2D objects like points, starlight line, plane lamina, Compad
transformation and concatenation, rotation about an arbitrary point and scaling a
arbitrary point, reflection through an arbitrary line, overall scaling, affine transform

3D GEOMETRIC TRANSFORMATION: Translation, rotation, scaling, reflectiq
and shear transformation; Composite transformations, rotation about local axes
to the global axes, rotation about an arbitrary axis, scaling with respect to a fixed
reflection through an arbitrary plane

PLANE CURVES: Curve representations like analytic and synthetic cur
interpolation and approximations, classical reprgation of curves like ngoarametric
and parametric curves, parametric representation of analytic curves for lines,
ellipse, parabola and hyper bolas

SAPACE CURVES: Properties for curve design, parametric representation of syn
curves Spline curves, Hermite curve, Bezier curve, Essential requirements for sy
curves, Norrational Bspline curves, Rotational-Bpline curve, Rotational-Bpline for
periodic uniform and nemniform knot vector

List of experiments

No. of Lab

Hrs

Introduction to solidvorks basics and the user interface, sketching, drawing v
annotations, layers etc.

2

Sketch and extrude some basic geometries its isometric view and orthographic pro
on A4 sheet

2

Basic part modelling, choosirgketch plane for a part, modelling of boss using cut
other feature

Part modelling of Angled block print and defining a front view; isometric
orthographic projections on A4 sheet

Part modeling using corner rectangular, boss feature @adnlizards
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6 | Part modelling using rectangular, tangent arcs, fillets and cut feature 2
7 | Introduction of symmetry and draft, part modelling of Ratchet with handle, try diffe 2
option for its display
8 | Introduction of surface modelling and parbdelling using symmetry, mid plane 2
extrusion, draft toggle,
9 | Part modelling using offset and symmetry feature 2
10 | Part modelling using symmetry, mid plane extrusion, trim and extend feature 2
11 | Part modelling using symmetry and upto surface enditons feature 2
12 | Introduction of patterning, part modelling using linear pattern, skipping instances, 2
patterns
13 | Part modelling using circular pattern, 2
14 | Introduction of revolving features, part modelling of haviteel of a lathe mduining 2
and other machine part using revolving features
Sr. Course outcome Knowledge Level
No. | By the end of this course, the student will be able to: (Blooms Level)
1 | Create the different surface primitives using parametric representations. L6
2 | Apply the concepts of transformations to evaluate the projections. L3, L5
3 | Understand and apply the concepts of curves and surfaces to engit L2, L3
problems.
4 | Identify and compare the various type of surface generation techniques ir L2, L4
tools.
5 | Ability to create 2D and 3D models of various machine elements using L6
software.
Suggested Books:
Sy _ Year_ _ of
NO‘ Name of Book/ Authors/ Publisher Publl_catlon/
) Reprint
1 Computer Aided Design: A basic and Mathematical Approach, Sunil K 2012
Srivastava, IK international Publishing House Pvt Ltd, New Delhi,
2 CAD/CAM Theory and Practice, Ibrahim Zeid, McGraill. 2009
3 Procedural Elements for Computer Graphics, Rogers, D. F., McGraw Hill. 2008
4 CAD/CAM/CIM, Radhakrishnan and Subranyan, New Age International (P) Itd. 2008
5 Computer Aided Design (Software and Analysis Tools), Krishnamoorathy, C. § 2005
Rajeev, J. S., Narosa Publication House.
6 ComputerAided Engineering Design with SolidWorkSpdfrey Onwuboly(Humber 2013
College of Technology & Advanced Learning, Canada
CO-PO & CO-PEOQ Articulation Matrix
PO1 PO2 PO3 PEO1 PEO2 PEO3 PEO4 PEO5
Cco1 1 1 2 2 3 3 1 3
CcO2 2 1 2 2 3 3 2 3
CO3 2 2 3 2 3 3 2 3
Cco4 3 2 3 3 3 3 2 3
CO5 3 2 3 3 3 3 2 3

Note: Level to be filled in the above table
1: Slight (Low)

2: Moderate (Medium)

3: Substantial (high)

. None
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Course Name : MECHANICS OF COMPOSITE MATERIALS
Course Code : MER1252

Credits : 3

LTP : 3-0-0

Course Obijectives:

1. To acqure basc underganding of compositesmaterials.

2. To develop an understanding of themacro & micro mechanical analysis of a lamina.
3. To develop an understanding of the micromechanical analysis of laminates.

4. To impart the knowledge abotlie failure analysis and design of laminates.

Total Hr. of Lecturesi 42

Lecture wise breakup No. of Lectures
INTRODUCTION TO COMPOSITE MATERIALS: Introduction and Nee 6
of composite material$lassification of composite materialBolymer Matrix

1 Composites, Mall Matrix Composites, Ceramic Matrix Composites, Carb

Carbon Composites, Characteristics of reinforcements and Matrix Matg
Recycling FibeiReinforced Composites, Mechanics Terminology.

MACRO MECHANICAL ANALYSIS OF A LAMINA: Definitions, Stress 11
Strain, El astic Modul i, Strain E
Material s, Hobkb&OsdLapwctoonal 2Lam

Law from 3D to 2D, Relationship of Compliance and Stiffness Matrix
Engineering Elastic Constantso a L ami na, H-®dAhgke bamind,
2 Invariant Form of Stiffness and Compliance Matrices for an Angle Lan
Failure Theories of an Angle Laminilaximum Stress Failure Theory, Streng
Ratio, Failure Envelopes, Maximum Strain Failure TheorgatHill Failure
Theory, TsaiWu Failure Theory, Comparison of Experimental Results
Failure theories. Hygrothermal Stresses and Strains in a unidirectional ang
Lamina.

MICRO -MECHANICAL ANALYSIS OF A LAMINA: Introduction, Volume 10
and Mass FRactions, Density, Void Contengvaluation of the Four Elasti
Moduli: Strength of Materials Approach, SeBmpirical Models, Elasticity
Approach and Elastic Moduli of Lamina with Transversely Isotropic Fiber
various types of modulus, Ultimate Stremgtof a Unidirectional Lamina fg
tensile, longitudinal compressive, transverse compressive aplaria shear
Longitudinal and transverse Thermal Expansion Coefficients, Thelasbic
Deformation Analysis, Coefficients of Moisture Expansion.

MICRO MECHANICAL ANALYSIS OF LAMINATES: Introduction, 9
Laminate Code, StresStrain Relations for a Laminate, Obémensional
Isotropic Beam, StresStrain Relation, StraiDisplacement Equations, Strain a
4 Stress in a Laminate, Force and Moment ResultantsediatMidplane Straing
and Curvatures, Wrlane and Flexural Modulus of a Laminate, Hygrother
Effects in a Laminate like Hygrothermal Stresses and Strains, Coefficie
Thermal and Moisture Expansion of Laminates, Warpage of Laminates.

FAILURE ANALYSIS AND DESIGN OF LAMINATES: Introduction, 6
Special Cases of LaminatéSymmetric Laminates, Cro$dy Laminates, Angle
Ply Laminates, Antsymmetric Laminates, Balanced Laminate, Qussiropic
5 Laminates, Failure Criterion for a Laminate, Design baminated Compositeg
Other Mechanical Design Issues, Sandwich Composites, -Leny
Environmental Effects, Intdaminar Stresses, Impact Resistance, Frag
Resistance, Fatigue Resistance.
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Sr. Course outcome Knowledge
No. | By the end of this course, thaident will be able to: Level (Blooms
Level)
1 | Recall the basics of Solid Mechanics. L1
2 | Understandhe mechanicalpertiesof variouscommercial composite materials. L2
3 | Analyze and evaluate the mechanical properties of Lamina at Madridliano L4, L5
level.
4 | Analyze and evaluate the mechanical properties of Laminates at Micro leve L4, L5
5 | Develop amethodology for stressand progressve failure analysis of laminated L3,L6
composite dructures to apply in aespece, atomobile, marine and other
engineeing applications.
Suggested Books:
Sy ' Year_ _ of
NO‘ Name of Book/ Authors/ Publisher Publl_catlon/
) Reprint
1 Mechanics of Compose Magrias, Autar K. Kaw, 2%d., CRC Press. 2005
2 Mechanics of Compoge Maerias, Jones.R. M., Taylor & Francis Press 1999
3 Composite Maetial Science andEngineeaing,K.K.Chawla,3Y ed., Spinger. 2012
4 Engineering Mechanics of Compode Matrias, I.M. Daniel, O. Isha, Oxford 2006
University Press.
5 Analysis and Performarce of Fiber Compodes, B D Agarwal, L J Broutmanlohn 1995
Wileyand Sondnc.,New Y ork.
6 Stress aalysis of fiber Reinbrced Composite Maerials, Michael W, Hyer, McGraw 2009
Hill I ntemational.
CO-PO & CO-PEO Articulation Matrix
PO1 PO2 PO3 PEO1 PEO2 PEO3 PEO4 PEO5
Cco1 1 - 2 1 2 3 - 3
CcO2 1 - 2 1 2 3 - 3
COo3 2 - 2 2 3 3 - 3
Cco4 2 - 3 2 3 3 - 3
CO5 2 - 3 3 3 3 - 3

Note: Level to be filled in the above table
1: Slight (Low)

2: Moderate (Medium)

3: Substantial (high)

. None

68



Course Name : WORK STATION DESIGN AND NEURO -ERGONOMICS
Course Code : MER1253

Credits : 3

LTP : 300

Course Obijectives:In this course, the student will be able to

1

This course is designed to teach the fundamentals sigbiag of Ergonomically correct Wor

Stations

2

To study latest techniques used in the evaluation of human work in all contexts.

3

Systematically investigation of all the factors which affect the efficiency and economy of |

energy at the work place.

It helps in designing and improvement in the methods and procedures which are most e

require the least efforts and are the best suited to the industrial workers.

Total Hr. of Lecturesi 42

Contents

No. of
Lectures

WORK STUDY FUNDAMENTALS: Definitions, Scope and application
Productivity and Work Study, Analysis of Work Content, Introduction to Indus
Engineering and Productivity, Measurement tools of productivity.

3

METHOD STUDY: Process Analysis, Process and Activity @fa Operation
Analysis, Basic Procedure, Micro Motion Study, Principles of Motion Economy.

WORK MEASUREMENT: Purposes and Uses, Basic ProcedlieehniquesWork
Sampling, Rating and Allowances, Setting Standard Times for Jobs, Standar
Predetemined Motion Time Systems, MTM, Work factor and MOST, Job Evalug
of Merit Rating, Wage Incentive Plans.

ERGONOMICS AND RISK ASSESSMENT: Concepts, Issues in Work Syste
Design, Measuring Work by Physiological Means, Work Posture, Fa
Measuremst & Evaluation, Work Systems, Limitation of Man & Machine w|
respect to each other by risk assessment techniques such as RULA, REBA,
NIOSH, SI, PLIBEL, QEC and OWAS.

WORK LOAD MEASUREMENT: Human Motor Activity, Anatomy of huma
muscles and rain lobes, Metabolism, Physical and Mental Work load and
Measurement, Introduction to work related musculoskeletal disorders and I
fatigue, Introduction to Neurergonomics and quantification of netsignals from
electreencephalography andeetromyography by linear and ntinear techniques
with respect to work duration and rest periods, Introduction to Digital HU
Modelling Techniques.

10

CLIMATES AND NOISE EVALUATION: Heat Humidity Body heat Balance
Effective Temperature Scales, Zenef Discomfort, Effects of Heat on Body a
Work PerformanceVibration: Response of Body to Low Frequency Vibrati
Vibrations and Discomfort, Effect on Health of Worker, Effect of High Freque
Vibrations, Methods of Reducing Vibrations, Analydikise Physiological Effects
of Noise, Annoyance of Noise, Speed Interference, Hearing Loss, Tempora
Permanent Threshold Shift, Effect of Noise on Performance, Reduction of

Personal Noise Protection.
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Sr. Course outcome Knowledge Level
No. | By the end of tIs course, the student will be able to: (Blooms Level)
1 | Assess all industrial activities with respect to motion study and there by ¢ L5,L6

work stations.
2 | Quantification of physical and mental work load of the workers by [ L5
neurological technigues.
3 | Identify and assess the environmental and climatic working conditio L2,L5
industry.
4 | Analyze and apply different risk assessment techniques to predict risk iny L3, L4
in work with respect to development of musculoskeldisbrders.
5 | Application of all latest time study techniques to calculate standard tir L3
carry-out any industrial job.
Suggested Books:
S j Year of
No Name of Book/ Authors/ Publisher Publl_catlon/
' Reprint
1 Motion and Time Study, Desigand Measurement of Work, Ralph M. Barnes, W 2009
India.
2 NeurcErgonomics, Raja Parasuraman & Mathew Rizzo, Oxford University Prg 2007
3 Handbook of Digital Human Modelling, Vincent G. Duffy, CRC Press Taylqg 2009
Francis Group.
4 Ergonomick abor at ory Exercises, Timothy 2009
Sullivan, CRC Press Taylor & Francis Group.
5 International Standard Manual of Ergonomics, Raitifting and Carrying; Pas2: 2009
Pushing and Pulling, PaBt Handling of Low Loads atfigh Frequency.
CO-PO & CO-PEQ Articulation Matrix
PO1 PO2 PO3 PEO1 PEO2 PEO3 PEO4 PEO5
Cco1 2 - 3 3 2 2 - 1
CcO2 3 - 3 3 2 2 - 1
COo3 3 1 3 2 3 2 - 2
Cco4 3 2 3 3 3 3 - 3
CO5 3 2 2 3 3 3 - 3

Note: Level to be filled in the above table
1: Slight (Low)

2: Moderate (Medium)

3: Substantial (high)

- None
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Course Name ROTOR DYNAMICS AND CONDITION MONITORING
Course Code : MER1254

Credits : 3

LTP : 3-0-0

Course Obijectives: At the end of the course, the student will be alile to

1 learn the essential concepts, principles, and understanding of rotor dynamics phenomena.

2 understand the modeling and analysis of rotors for the transverse and torsional vibrations.

3 study the codition monitoring of rotor bearing system for analyzing the performance of rot
machinery

Total Hr. of Lectures- 42

Lecture wise breakup No. of
Lectures
1 Introduction: Fundamentals of Rotor Dynamics in Tuslb@achinery, Rotor Failurg 6
Modes, Rotor Dgamics Versus Stationary Structural Dynamics.
Modeling: Lateral (Bending) Rotor Dynamic Model, Modeling of retmaring 10
2 . . R
system by various techniquedransfer matrix, finite element and modal methods
Rotor-to-Structure Interaction: Rolling dement bearing and its stiffnes 10
3 calculation; unbalanced response of an asymmetric shaft; rigid and flexible
balancing. Bearing modelling and dynamic parameter calculation.
4 Rotor Balancing: Concept, Modeling and Analysis, Rigid rotor balancinfuence 6
coefficient and modal balancing techniques for flexible rotors. Balancing stand:
Condition Monitoring : Rotor Vibration Measurement and Acquisition, Need 10
sensing systems, Sensory devices, Types of sensors, Data Acquisition system
5 Signal processing techniques:Time and frequency domain analysis, sig
decomposition and spectrum analysis; feature extraction and classification tech
application of clustering and artificial intelligence in health assessment. Statistic
probity models. Brief introduction on fault diagnosis and prognosis.
Sr. Course outcome Knowledge Level
No. | By the end of this course, the student will be able to: (Blooms Level)
1 | review the fundamental aspect of the dynamics of rotating machines. L1
2 | identify and detect the rotor bearing system parameters. L3
3 | understand different techniques used for the analysis of -dgt@amic L2, L4
problems and analyze them how they are implemented in industry.
4 | Develop analytical and numerical model for thealysis of rotodynamic L6
problems.
5 | Choose from various futuristic modehsed condition monitoring and fal L5
diagnostic techniques.
Suggested Books:
Sy _ Year_ _ of
Nc; Name of Book/ Authors/ Publisher Publl_catlon/
' Reprint
1 Rotor and Structad Dynamics of Turbomachinery, Raj Subbiah, Jeremy 2018
Littleton, Springer International Publishing
5 Rotating Machinery Vibration: From Analysis to Troubleshooting, Admas M. L 2010
CRC press.
Machinary Vibration: Balancing, Wowk V., McGrakill. 2005
4 Vibration-based condition monitoring industrial, aerospace and autom 2011
applications, Robert Bond Randall, John Wiley & Sons, Ltd
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2000

| 5 | Vibratory condition monitoring of machines, Rao J S., Narosa Publication.
CO-PO & CO-PEO Articulation Matrix

PO1 PO2 PO3 PEO1 PEO2 PEO3 PEO4 PEOS5
co1l 1 - 2 1 1 1 - -
Co2 2 - 3 2 1 1 - -
COo3 3 - 3 3 2 2 - -
Co4 3 - 3 3 3 3 - -
CO5 3 - 3 3 3 3 - -

Note: Level to be filled in the above table
1: Slight (Low)
2: Moderate (Medium)

3: Substantialligh)

. None
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Course Name : KINEMATICS AND DYNAMICS OF ROBOTS

Course Code : MER1255

Credits : 3

LTP

3-0-0

Course Objectives:

1

To impart the knowledge about anatomy of the robots.

2

To demonstrate the concepts of kinematics & dynamics of robot.

3

To demonstrate the robot programming and their applications in industrial robots.

Total Hr. of Lectures-42

Lecture wise breakup

No. of
Lectures

ROBOT FUNDAMENTALS: Evolution of robots and robotics, Laws of roboti
Progressive advancement inbots, Robot anatomy: links, joint and joint notat
scheme, degree of freedom, arm configuration, wrist configurationefector and
Grippers, Classification of robot, Human arm characteristics, Design and control
Manipulation and control, Seois and vision, Programming robot, Future aspect.

5

COORDINATE FRAMES, MAPPING AND TRANSFORMATIONS:

Coordinate frames: Mapping, Mapping between rotated frames, Mapping bet
translated frames, Mapping between rotated and translated frames. Dasofipbifect
in space.

Transformation of vectors: Rotation of vector, translation of vector, combined rotg
and translation of vectors, composite transformation, inverting a homogen
transform.
Fundamental Rotation matrix: Principal axis rotatiaxed angle representation, Eulg
angle representation, Equivalent angle axis representation.

DIRECT/FORWARD KINEMATICS MODELING: Mechanical Structure ang
notation, Description of links and joints, Kinematic modeling of manipulator, Dena
hartenbergnotation, Kinematic relationship between adjacent links, Manipulg
transformation matrix. To model an industrial robot in a CAD environment.

MANIPULATOR DIFFERENTIAL MOTION AND STATICS: Linear and angula]
velocity of rigid body, relationship betwedransformation matrix and angular veloci
mapping velocity vector, velocity propagation along links, Manipulator Jaco
Jacobian inverse, Jacobian singularity, static analysis.

DYNAMIC MODELING: Lagrangian Mechanics, Dynamic modeling of twordegpf
freedom manipulator, Langrangailer Formulation, Newtiouler formulation,
Comparison of Langrangguler Formulation and Newtion Euler formulation, Inve
dynamics.

DYNAMICS AND TRAJECTORY PLANNING OF SERIAL ROBOT:

Linear and angular velogitof links, Manipulator Jacobians, singularity, dexterity
serial manipulators, Euldragrangian formulation for equations of motion for se
manipulators, Joint and Cartesian space trajectory planning and generation.

COMPUTER BASED ROBOTICS: Method of robots programming, GUI bas
robotic arm control, Interfacing with computer, communication and data proce
introduction of fuzzy logic control, Crisp values v/s fuzzy values, fuzzy sets: Degr
membership and truth, fuzzification, fuzzyfarence rule base, defuzzificatig
simulation of fuzzy logic controller, application of fuzzy logic in robotics.
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Sr. Course outcome Knowledge Level
No. | By the end of this course, the student will be able to: (Blooms Level)
1 | Understand the basic®ncepts of robots and apply tbencept of mapping L2,L3

and Transformations for kinematic of manipulator.
2 | Model and evaluate the forward and inverse kinematics of robot manipu L2, L5
3 | Develop and analyze the dynamics of open ended ser@icabechanism. L4, L6
4 | Understand and apply the concept of Cartesian space planning for L2,L3
robotic manipulators
5 | Investigate the computational challenges of Manipulator differential moti L5
6 | Design intelligent robots using computer &agontrollers. L6
Suggested Books:
Sr . vear of
NO‘ Name of Book/ Authors/ Publisher Publl_catlon/
) Reprint
1 John J. Craig, Introduction to Robotics Mechanics and Control, Addison \{ 2005
Longman Inc. International Student edition.
2 Schilling, R.J, fiFundamentiaAnsaloyfs i Bo b& tCocnst r o 2011
3 R. N Nazar, Theory of Applied Robotics : Kinematics, Dynamics, and Col 2010
Springer; 2nd Ed.
4 R. K. Mittal and | J Nagrath, Robotics and Control, McGraw Hill Education (In 2017
PrivateLimited.
R. D. Klafter, Robotic Engineering An Integrated Approach, T.A. Chmielewsk 2007
> Negin, PHI.
Niku Saeed B., Introduction to Robotics: Analysis, Systems, Applications, PHI, 2001
| Dei
CO-PO & CO-PEO Articulation Matrix
PO1 PO2 PO3 PEO1 PEO2 PEO3 PEO4 PEO5
Cco1 1 - 1 2 2 2 - -
CO2 2 - 3 3 3 3 - -
COo3 3 - 3 3 3 3 - -
Co4 2 - 3 2 3 2 - -
CO5 3 2 3 2 3 3 - -
CO6 3 3 3 3 3 3 - 3

Note: Level to be filled in the above table
1: Slight (Low)

2: Moderate (Medium)

3: Substantia(high)

- . None
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Course Name | : COMPUTER INTEGRATED DESIGN AND MANUFACTURING

Course Code : MER1256

Credits : 3

LTP : 3-0-0

Course Obijectives:

1. Explain the 2D and 3D transformations, clipping algorithm, Manufacturing models and Metrics

2. Explain the fundamentals of parametric curves, surfaces and Solids
3. Summarize the different types of 8tiard systems used in CAD

4. Apply NC & CNC programming concepts to develop part programme for Lathe & Milling Machi
5. Summarize the different types of techniques used in Cellular Manufacturing and FMS

Total Hr. of Lecturesi 42

Sr.

No.

Course Contents

No. of
Lectures

1

Introduction

Product cycle Design processsequential and concurrent engineeri@gmputer aided
designi CAD system architectureComputer graphicé co-ordinate system2D and
3D transformation homogeneous coordinated.ine drawing -Clipping- viewing
transformatiorBrief introduction to CAD and CAMi Manufacturing Planning
Manufacturing contrel Introductionto CAD/CAM i CAD/CAM concepts- Types of
productioni Manufacturing models and MetrigsMathematical models of Productic
Perfomance

8

Geometric Modeling

Representation of curvellermite curve Bezier curve B-spline curvesational curves
Techniques for surface modelingurface patchCoons and bicubic patchd3ezier and
B-spline surfaces. Solid modeling techniqU€SG and B-rep

CAD Standards

Standards for computer graphicGraphical Kernel System (GKS) standards fo
exchange image®pen Graphics Library (OpenGL)Data exchange standaiidiGES,
STEP, CALS etci communication standards

Fundamental cf CNCANd Part Programing

Introduction to NC systems and CNCMachine axis and Gordinate systemCNC
machine toolsPrinciple of operation CNCConstruction features including structu
Drives and CNC controllers2D and 3D machining on CNQdntroduction of Part
Programming, typek Detailed Manual part programming on Lathe & Milling machi
using G codes and M code€utting Cycles, Loops, Sub program and Mael
Introduction of CAM package.

Cellular Manufacturing And Flexible Manufacturing System (FMS)

Group Technology(GT),Part FamilieRarts Classification and codiifgimple Problemg
in Opitz Part Coding systéroduction flow AnalysisCellular Manufacturing
Composite part conceéptypes of Flexibilityi FMS i FMS Components FMS

Application & Benefisi FMS Planning and ContiioQuantitative analysis in FMS

Courses Outcomes

Blooms
Level

Students should be able to take active role in product design and development pr
well as prototyping

L4

N

Students should be able to model 3D part andwasiges using SolidWorks program

L3

Students should be able to analyze the part design using one of the computational
(e.g. stress analysis)

L4

Students should be able to understand the concepts of coralgdmanufacturing an
a number of apj@d associated processes

L2
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| 5. Ability to develop a product from conceptualization to reality | L5
Sr. No Name of Book/Authors/Publisher Year of
Publishing
1 Il brahim Zeid AMast er i aHjl Piblsiing CA Mo 1 2007
2 Mi kel | . P. Gr oanyRroductior Systems) ard i Computer Integr{ 2014
Manufacturingo, Prentice Hall of |
3 Radhakrishnan P, Subramanyan S. an|{2018
New Age International (P) Ltd, New Delhi,
CO-PO & CO-PEQ Articulation Matrix
PO1 PO2 PO3 PEO1 PEO2 PEO3 PEO4 PEO5
Cco1 3 2 2 3 3 2 2 3
CO2 2 1 2 2 2 3 - 2
CO3 3 2 2 1 3 3 2 3
Cco4 2 3 1 3 1 2 2 2
CO5 3 - 2 2 2 3 1 2

Note: Level to be filled in the above table
1: Slight (Low)

2: Moderate (Medium)

3: Substantial (high)

- None
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CourseName : MICRO AND NANO MANUFACTURING
CourseCode : MER1257

Credits : 3

LTP : 2-0-2

CourseObjectives:

1.To give awarenessf differenttechniquesisedin micro andnanomanufacturing

2.To givein-depth idea about the measurement and metrology tools used in micro and nano manufe

3.Toimpartthe knowledgaboutnonconventionaimicroand nano domain finishiregpproaches
4. Toimpartthe knowledgebout micro mechatroni@dmicrojoining.

\cturing

Total Hr . of Lecturesi 28
Total Hr . of Laboratory i 28

Lecture wise breakup

No. of

Lectures

1

CONCEPT OF MICRO ENGINEERING : Introduction to precision engineering
macromilling, microdrilling, Micro-electromechanicaystemsimerits andapplications
Micro phenomenon in electghotography, applications; Introduction tbulk
micromachiningSurfacemicromachiningstepsMicro instrumentatiomndapplications
Micro mechatronicsConceptof Nanofinishing and nanclevel finishing techniques.

4

MICRO -ENERGY AND CHEMICAL SYSTEM (MECS): Introduction, Space
micro-propulsion,e-Beamnanolithography:importanttechniquesandapplications,
Introductionto nanotechnologyCarbonnanctubes:propertiesand structures,
Molecularlogic gatesandNanolevel Biosensorsapplications,

MECHANICAL MICROMACHINING : Principle, Micro drillingprocess, tools ar
applications, Diamond micro turning process, tools and applicatidiosp milling and
grinding: principle, processcharacteristics, toolsind applications,Micro extrusion
processand applications,micro bendingwith Laser,Nano plastic forming and Roller
imprinting.

NON-CONVENTIONAL  MICRO -NANO MANUFACTURING : Different
processes, principle and applications, Abrasive jet micro machining, WAJMM,
EDM, Micro WEDM, Micro EBM: process principle, description and applicatibtisto
ECM.

MICRO AND NANO FINISHING : Differentprocessesviagnetorheologicafinishing,
Magnetorheologicalabrasiveflow finishing, processprinciple and applications Force
analysisof MRAFF process,Magneto rheological jet finishing processes, Workin
principle and polishing performance of MR jet machine, Elastiission machining
(EEM), machine description, applications, lon Beam Machining (IBM) principle,
mechanism of material removal, applicatio@semical MechanicaPolishing (CMP):
Schematic diagranprincipleandapplications.

MICRO FABRICATION : Techniques,flowchart, Introdwction to Nanofabrication
Top-down and topup approach, dry and wétching, micro-deposition and surfagq
modification,Nanofabrication using soft lithographprinciple, applications, Exampl
(Field Effect Transistor, Elastic Stampylanipulative techniges process principlé
applications,Carbon nano materialsCN Tubes, properties and applicatio@ Tube
Transistors: Description only, Diamond propertiesand applications,CVD Diamond
TechnologyLIGA Process.

MICRO WELDING AND ANALYSIS : Laser welling, description and applicatior
Defects,Electron Beam Micravelding Description and applications, Introduction
micro and nano measurement, defining the scale, uncertainty, SEM and XRD of!
weldedjoints, Scanning/NVhite-light Interferometry Optical Microscopy,Scanningrobe
Microscopy, ScanningTunneling Microscopy and Confocal Microscopyas appliedo

micro-weldinganalysis Jntroductionto Online-MachineMetrology.
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List ofp r a c t /immiaprofects

No. of Lab

Hours
1 | ExperimentonMicro EDM andanalysisof accuracy& precisionof the machined 6
surface.
2 | Mini projecton MEMS. 6
3 | Micro gearcuttingandanalysisof accuracyclamping& settingerrors. 8
4 | Grinding analysisof thermaleffects. 8
Sr. Course outcome Knowledge level
No. (Blooms Level)
CO1 | Understand the traditional and advance manufacturing processes and tec L2
CO2 | Identify the need and suitable applications for traditional and advg L3
micromachining, forming joining, and deposition processes.
CO3 | Analyze metal removal mechanisms and metal removal rate inpuécasion L4
machining.
CO4 | Design the fabricate MEMS devices use in micro machining and L6
applications.
CO5 | Explain and judge the modern micro manufacturing methods, varies from L5
concept to advanced mathematical modelling to estimate the pr
capabilities/ responses.
CO6 | Solve problem through experimental studies to investigate the behavior L3
process on micro/precision higipeed machining centers to analyze the pro
capability.
Text Books:
Sr. | Nameof the Book/ Authors/Publisher Year of Publication/
No. Reprint
1 Micro andNancemanufacturingMark. J.JacksonSpringer, 2006
2 Micro-fabrication and Nanomanufacturing 7 Pulsed water droj 2006
micromachiningMark. J. Jackson, CR®ress
Micro-manufacturingand Nanotechnology,Nitaigour PremchandMahalik 2006
Springer
4 | Micro-manufacturing’rocessed/. K. Jain,CRCPress 2012
CO-PO & CO-PEO Articulation Matrix
PO1 PO2 PO3 PEO1 PEO2 PEO3 PEO4 PEO5
Cco1 3 2 3 2 2 2 3 2
COo2 3 1 2 2 2 1 2 1
CO3 3 3 - 1 - 2 1 3
Co4 3 - - 2 2 - 2 2
CO5 2 3 3 3 2 - 1 1
CO6 3 3 2 2 1 1 2 2
Note: Level to be filled in the above table

1: Slight (Low)
2: Moderate (Medium)
3: Substantial (high)

-: No

ne
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CourseName . |ADVANCE METAL CUTTING
CourseCode . MER1258
Credits : 3
LT P : 3-0-0
CourseObjectives:

Themain objective®f this coursare

1. | To provideknowledgeaboutthe principlesof metalcutting, clearunderstandingbout thanechanicof
cuttingof advanced materials.

2. | To providesknowledgeaboutthe factorscritical to economicaldesignof machining processes
essentiafor manugcturingindustry

3. | To provideknowledgeaboutthe measurememrocedureandtechniquef tool weargcutting forces,
chip dimensionssurfaceroughnes$eightsandanalysisfor machinabilityof theadvancednaterials
4. | Learn to do numerical assessmefnvarious application of machining processes according to
international standard.

Total Hr. of Lectures:-42
Sr. CourseContents No. of
No Lectures

1. |INTRODUCTION: Machining fundamentals: woiool contact, machinable surfa 4

Kinematics of work toainteraction, kinematic elements involved in metal cutting a(
during different processes, Steriometry of cutting tools: basic shape of cutting to
in hand and system of Tool Nomenclature, standards, Tool Geometry, too
reference system. Matd of master line for rake angle, vector method for rake i
interrelationship.
2. |OBLIQUE CUTTING: Normal chip reduction coefficient under oblique cutting, T 5
shear angle, effective rake, influx reg on consideration for deformation, Direct
maximum elongation, effect of cutting variables on chip reduction coefficient, F
system in oblique cutting, effect of wear land on force system. Force system in I
effect of helix angle, vulfds met ho
3. | Deformation of uncut layer in shear, Methods for frozen chip samples, classifica 5
chips, mechanics of chip curl, factors involved in chip formation analysis, Dyt
shearing strain in chip formation, Effect of nose radius, effect of cutting variaf
chip reduction coefficient.
4. |CUTTING FORCES AND DYNAMOMETER Measurement of Forces, ba 6
requirement in force measuring techniques, transducers for force measuremen
requirement of dynamometers, different types of force measuring instisjrdgnamics
of dynamometers, dynamometers for measurement of forces during turning, drill
milling. Effect of cutting variables on cutting forces. Theoretical determinatic
cutting forces: Ernst and Mer ch soutian
and machining constant.
5. |FUNDAMENTAL FACTORS WHICH EFFECT TOOL FORCESCorrelation of 5
standard mechanized test. (Abuladektion), nature of contact and stagn
phenomena, Rates of strains, shear strain and normal strains distributietic
coefficient of friction analysis, Built up edge phenomena, Effect of cutting variab
BUL and BUE.
6. |FAILURE OF CUTTING TOOLS Tool materials, tool failure, analysis of plag 5
failure (Form stability criterion), Analyzing failure by brittfeacture, wear of cuttin
tools, criterion, Flank and creature wear analysis, optimum tool life, tool life equ
(Taylorés, woxen etc.) Tool 1life tes
flank, crater, abrasive, adhesive, diffusion weadels, wear measurements techniq
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Theory of tool wear, oxidative, Mathematical modeling for wear.

7 |ECONOMICS OF MACHININGEconomi c t ool | i fe; Gi 6
speed for Maximum production; Maximum profit cutting speed, objectiNerier for
optimization, selection of optimum cutting parameters under various rest
conditions, Brewer and Reuda;s optimization for maximum power constrairi
maxi mum f eed, Bjrckeobs Generalized
economics, Eonomy based on Non Taylorian Tool life laws; Economics of mult
cutting.

8 |ADVANCE METAL MACHINING : Composite cutting, ceramic and super all 3
cutting, cutting tool selection, process parameters and geometry effect on mach
during cuttingof composite, ceramics and super alloys.

9 |SURFACE INTEGRITY AND FINISHE:Surface metallurgy and topography, fact 3
affecting the surface quality, the numerical assessment of the machined surfa
recommendation for assessment of machined surfager finishing processes, &
kinematics of super finishing.

CourseOutcomes

At theendof thecourse, studentsill have: Knowledge Leve
(Blooms Level)
1 |Understandingof the basic conceptsof metal cutting and measuremenbf cutting
. ) L2
forces orcorventionalandCNC Machines
2 |Apply the conceptaboutthe generationf cuttingforcesandtool wears. L3
3 |ldentify thevariousaspects omechanisnof chip formation. L3
4 |Understandhe concepbf failure of cuttingtools. L2
5 |Choose the approjate machiningtechnique and select giopertool for advance L5
materialsmachining
Suggested Books:
Sr. . Year of
No. Name of Book/ Author/ Publisher Publication/
Reprint
1 Metal CuttingPrinciples, MC. Shaw,CBSPublishers Distributors(Decembe1, 2002 2002
2 ManufacturingScienceby AmitavaGhosh andAsok kumar Mallik, Affiliated EastWes 5
. o . 010
Pres<rivateLimited, New Delhi,
3 Metal Cutting- Theoryand Application,JanezKopac, University oBanjaluka,Faculty 2010
of MechanicaEngineering
4 Metal Cutting TheoryandPractice, A. BhattacharyyaCentral bookPublisher Calcuttal 1984
CO-PO & CO-PEO Articulation Matrix
PO1 PO2 PO3 PEO1 PEO2 PEO3 PEO4 PEO5
Cco1 3 2 3 3 3 2 3 1
CO2 3 2 1 2 1 3 2 1
COo3 3 2 3 1 1 2 1 3
Cco4 1 3 3 3 3 2 2 3
CO5 2 2 2 2 - 2 2 2

Note: Level to be filled in the above table
1: Slight (Low)

2: Moderate (Medium)

3: Substantial (high)

-: None
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Course Name | : DIGITAL MANUFACTURING

Course Code : MER1259

Credits : 3

LTP

3-0-0

Course Objectives:

1.

2.
3.
4.

Undersand the existing IoT, Cloud architectures and Design an loT system with cloud

infrastructure
Understand the standards, protocols, and algorithms in M2M Communication

Understand/implement computer models of common engineering information types.
Understandhe importance and be able to critically discuss the role of management informati

systems for design, engineering and manufacturing.

Total Hr. of Lectures- 42

Course Contents

No. of
Lectures

1

llIoT and Cloud Computing: Introduction, Physical design ¢6T, Logical design of
10T, loT enabling technologies, Domaspecific l1oTs ,loT design methodology, logiq
design, IoT physical devices (such as Raspberry Pi, pcDuino, Beaglebone
Cubieboard), Introduction to cloud computing: cloud models, ckrrdice examples
cloudbased services & applications, Virtualization, load balancing, scalal
deployment, replication, monitoring, SDN, network function virtualization, MapReq
identity and access management, SLAs.

10

Applied Machine to Machine Communication: Introduction to M2M, Description 0
M2M Market Segments/ApplicatiorisAutomotive, Smart Telemetry, Surveillance 3
Security, M2M Industrial Automation. ETSI M2M Services Architecfutatroduction,
High-Level System Architecture, Introding REST Architectural Style for M2M
Applying REST to M2M, Additional Functionalities. ETSI TC M2M ResouBased
M2M Communication and ProcedureResource Structure, Interface Procedures.

10

System Design:General methodology, stages and componehtthe process. Mai
technologies, principles and applications. Strengths, weaknesses, challengg
limitations of additive manufacturing technologies. Main brands and suppliers ava
Design for Additive Manufacturing (DFAM). Design for functioial and 3D
printability. Planning and slicing additive manufacturing software. Microcontrol
Introduction to use of open source hardware (Arduino & Raspberry Pi); shields/m
for GPS, GPRS/GSM, Bluetooth, RFID, and Xbee, integration with wireksgorks,
databases and web pages; web and mobile phone apps.

11

Information Systems in Manufacturing: Digital Transformation in Industry
Information Technology Infrastructure: IT Infrastructure and Emerging Technolg
Foundations of Business Intgénce: Databases and Information Managem
Introduction to Big Data Analytics , Introduction to Artificial Intelligeng
Telecommunications, the Internet, Wireless Technology, Securing Information Sy
Shop floor communications.

11

Sr. No Name ofBook/Authors/Publisher Year of
Publishing

Bahga and V. Madisetti, Internet of Things, A handsapproach, CreateSpa
Independent Publishing Platform, 1st edition, 2014, ISBN:@F86025515

2014

D. Boswarthick, O. Elloumi, and O. Hersent, M2Mnomunications: A system
approach, Wiley, 1st edition, 2012, ISBN: 97819994756

2012

J. Edward Carryer, et al., Introduction to Mechatronic Design, Prentice Ha
edition, 2010, ISBN: 978131788257

2010
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4 K. Laudon and J. Laudon, Management Infation Systems, 14th editio 2016
Pearson Higher Education, 2016, ISBN: 9780136093688
Course Outcomes Blooms
Level
1 | Students should be able to have strategic and operative thinking in digital manufa L4
2 | Students should be able to have intdemderstanding and skills in planning, design L6
testing of advanced robot cells
3 | Students should be able to integrate technologies as hydraulics, mechanics, mec L3
robots, programming, electronics and controls.
4 | Students should be alile use cyber physical systems for manufacturing and desig L5
5 | Students should be able to improve skills in areas such as 3D printing or A( L2
Manufacturing, Logistics and Supply Chain Optimization, Autonomous Equip
Industrial design
CO-PO & CO-PEO Articulation Matrix
PO1 PO2 PO3 PEO1 PEO2 PEO3 PEO4 PEO5
co1 2 - 1 3 2 1 3 2
CO2 3 2 3 2 2 3 2 2
COo3 3 2 3 2 2 3 2 3
Cco4 2 2 1 2 3 3 2 3
CO5 1 2 - 1 1 2 2 1

Note: Level to be filled in the above table
1: Slight (Low)

2: Moderate (Medium)

3: Substantial (high)

-: None



Course Name : TWO-PHASE FLOW HEAT TRANSFER

Course Code : MER1260

Credits : 3

LTP

3-0-0

Course Objectives:

To understand the phenomena occurring at micro and nano scale.

To understand the basic mechanisms involved in two phase flow and heat transfer.

To understand the concepts of pool boiling and floilifg heat transfer

AWIN|F

To introduce the film wise and drop wise mode of condensation.

Total Hr. of Lecturesi 42

Lecture wise breakup

No. of
Lectures

LIQUID -VAPOR INTERFACIAL REGION: Molecular Perspective on Liquidapor
Transitions, Molecular Theas$ of Capillarity, Nanecale Features of the Interfac
Region, Interfacial Tension EffectsDetermination of Interface Shapes, Effect
Temperature and Surfactant Effects, Near Critical Point Behavior and Effe
Interfacial Tension Gradients.

6

WETTING PHENOMENA AND CONTACT ANGLES: Equilibrium Contact
Angles, Wettability, Cohesion and Adhesion, Effect of Surface Tension on C
Angle, Adsorption and Spread Thin Films, ContAngle Hysteresis, Wettability o
Micro-structured and Nanrstructurel Surfaces.

HOMOGENEOUS NUCLEATION: Thermodynamic Aspects of Homogeneq
Nucleation in Superheated and Supeoled Liquids, Kinetic Limit of Superheat ar
Supersaturation, Effect of Wall Interaction.

HETEROGENEOUS NUCLEATION AND BUBBLE GROWTH: Heterogeneou
Nucleation at a Smooth Interface, Nucleation from Entrapped Gas or Vapor in Ca
Criteria for the Onset of Nucleate Boiling, Bubble Growth in an Extensive Liquid

Bubble Growth Near Heated Surfaces, Bubble Departure Diameter amuefey of
Bubble Release.

POOL BOILING : Regimes of Pool Boiling, Mechanisms and Models of Trans
during Nucleate Boiling, Correlation of Nucleate Boiling Heat Transfer Data, Limita
of Nucleate Boiling Processes and the Maximum Heat Flux TramsMinimum Heat
Flux Conditions, Film Boiling, Transition Boiling, Leiden frost Phenomenon, Rl

Interactions and Disjoining Pressure Effects and Pool Boiling Heat Transfer on
and Nano Structured Surfaces.

TWO-PHASE FLOW REGIMES: BasicModels and Governing Equations for O
Dimensional TwePhase Flows, Determination of the TRbase Multiplier and Voig
Fraction, Analytical Models of Annular Flow, Effects of Flow Passage Size
Geometry.

FLOW BOILING : Regimes of Convective Boilingn Conventional (Macro) Tubes
Onset of Boiling in Internal Flows, Stdwoled Flow Boiling, Saturated Flow Boilin
Critical Heat Flux Conditions, Pe&HF Internal Flow Boiling, Flow Boiling in Micro
Channels.

CONDENSATION: Nusselt theorylmportance Limitations and Modifications, Filn
Condensation on a Flat Vertical Surface, Effects of Vapor Motion, Interfacial Wave
Non-condensable Gases, Heterogeneous Nucleation in V&ogswise Condensation

Surface Requirements, Fundamentals and Readvdrfeements.
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Sr. Course outcome Knowledge Level
No. (Blooms Level)
1 | Identify the important forces and their characteristics at small scale. L2
2 | Apply the basics of twaphase heat transfer processes on simple and cor L3
systems.
3 | Examine tle performance of twphase heat transfer systems. L4
4 | Select the suitable phasbhange heat transfer process and evaluate the imp L5
process parameters for practical applications.
5 | Design heat transport systems for boiling and condensatiornraesfiet . L6
Suggested Books:
Sy _ Year_ _ of
NO‘ Name of Book/ Authors/ Publisher Publl_catlon/
' Reprint
Liquid-Vapor Phas€hange Phenomena: An Introduction to the Thermo physi
1 Vaporization and Condensation Processes in Heat Transfer Equipment,Ganey 2020
3 Edition, CRC Press.
Convective Boiling and Condensation, J.G. Collier, Clarendon Press. 1996
Boiling Heat Transfer and Twphase Flow, L. S. Tong, and Y.S. Tan{, €d.,
3 2018
Rutledge.
Encyclopedia of Twegphase Heat Transfer aRtbw, John R Thome, A-¢olume Set,
4 A 2018
World Scientific.
CO-PO & CO-PEO Articulation Matrix
PO1 PO2 PO3 PEO1 PEO2 PEO3 PEO4 PEO5
Co1 1 - 1 1 - - - -
CcOo2 2 - 2 1 - - - 2
CO3 2 - 2 2 2 2 - 3
Cco4 3 - 3 2 3 2 - 3
CO5 3 - 3 3 3 3 - 3

Note: Level tobe filled in the above table

1: Slight (Low)

2: Moderate (Medium)
3: Substantial (high)

: None
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Course Name

ADVANCED AUTOMOTIVE COMBUSTION AND EMISSIONS

Course Code : MER1261

Credits : 3
LTP :

3-0-0

Course Objectives:

To understand thieasics of combustion.

To acquire the knowledge of stages of combustion in IC engine.

To acquire the knowledge of kinetics of combustion used particularly in combustion chamber

AIWIN|F

To understand the formation of pollutants and its mitiggtiamciples

Total Hr. of Lecturesi 42

Lecture wise breakup

No. of
Lectures

INTRODUCTION: Engine Combustion and Emissions, Vehicle Popula
Assessment in Metropolitan Cities and Contribution to Pollution, Effects on H
Health and Environment, Glab Warming, Types of Emission (Controlled a
Uncontrolled Emissions), Transient Operational Effects on Pollution.

4

THERMODYNAMICS OF COMBUSTION: Engine Combustion and Emissior
Combustion Stoichiometry, Heat of Reaction, Enthalpy of Formation, Afilia
Flame Temperature, Equilibrium Combustion Products, Unburned Mixtures,
Temperature Combustion Products, High Temperature Combustion Prg
Chemical Kinetics

COMBUSTION IN SI AND CI ENGINES : SI Engines: Premixed Chargg
Combustion, S| EngineCombustion Conceptual Models, Combustion R
Characterization, Thermodynamics Analysis of Combustion, Chai€ycle
Combustion Variations, Knocking Combusti@i.Engines:Fuel Injection and Spra
Structure, Cl Engine Combustion Conceptual Models, Di€sshbustion Proces
Characterization, Thermodynamic Analysis

ENGINE COMBUSTION SYSTEMS: Fluid Motion in Engine Cylinder, Valvg
Arrangement and Variable Valve Actuation, Classification of Engine Combu
Systems, Premixed Homogeneous Charge S| EsgiD@ect Injection Stratifiec
Charge Engines, Heterogeneous Charge Cl Engines, HCCI/CAI Engines,
Management and Sensors, Laser diagnostic and optical measurement.

POLUTION FORMATION IN SI AND CI ENGINES: Sl Engines:Pollutant
Formation in Sl Bgines, Mechanism of HC and CO Formation in Four Stroke
Two Stroke Sl Engines, NOx Formation in S| Engines, Effects of Design
Operating Variables on Emission Formation, Evaporative Emission. Two §
Engine Pollution.Cl Engines: Pollutant Formabn in Cl Engines, Smoke an
Particulate Emissions in Cl Engines, Effects of Design and Operating Variables
Engine Emissions, NOx Formation

MEASUREMENT TECHNIQUES, EMISSION STANDARDS, AND TEST
PROCEDURE: NDIR, FID, Chemiluminescent Analyzers, &&hromatograph
Smoke Meters, Euro/Bharat emission norms, Test ProcetfiuEsSE, FTP Tests
SHED Testi Chassis Dynamometers, Dilution Tunnels.

EMISSION CONTROL TECHNOLOGY: Sl Engine-Design Parameters, Addn
Systems for Treatment of Emissions Witliingine, Exhaust Aftereatment, Direc
Injection Stratified Charge (DISC) Engines, Summary of SI Engine Emission C¢
CI Engine - Design Parameters, Application of EGR in Cl Engines, Exhaust -A
treatment in Diesel Engines, Summary of Diesel BmrsControl, HCCI Engines fq
Emission Control.
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CourseOutcome Knowledge Level
(Bloom Level)
1 Apply the basiacconcepts otombustiorin automotiveengine combustion, ar L2,L3
understand the emission standards.
2 Interpret the process obmbustionin automotiveengines. L3
3 Analyze and examine the combustion process, and measurement techniq L4, L5
challenges.
4 Select the suitable fuel for the current and future needs of the society. L5
5 Designtheenginego minimizethe emissioms with suitablecontrolstrategies. L6
Suggested Books:
Sy _ Year_ _ of
NO‘ Name of Book/ Authors/ Publisher Publl_catlon/
' Reprint
1 Internal Combustion Engines Fundamentals, John B. Heywood, McGraw Hill Sq 2000
5 Combustion and Emissions in IC EngineMurari Mohan Roy (Publishe 2019
Independently with Amazon)
Internal Combustion Engines: Performance, Fuel Economy and Emissions, IM 2013
London, Elsevier.
IC Engines: Combustion and emissions, B P Pundir, Alpha Sciences. 2010
CO-PO & CO-PEQO Atrticulation Matrix
PO1 PO2 PO3 PEO1 PEO2 PEO3 PEO4 PEO5
co1l 1 - 1 1 - 1 - 1
CO2 2 - 2 1 1 1 - 1
COo3 3 - 2 2 2 2 - 2
Co4 2 - 3 2 2 2 - 2
CO5 3 - 3 3 3 3 - 3

Note: Level to be filled in the above table
1: Slight (Low)

2: Moderate (Medium)

3: Subsantial (high)

. None
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Course Name ) THERMAL SYSTEM MODELING AND SIMULATION

Course Code : MER1262

Credits : 3

LTP : 2-1/2-2/2

Course Objectives:

1 To understand the significance of modelling and simulation of different engineering praisiei
various techniques.

> To understand various mathematical techniques in solution of variety of problems related tg
and optimization of Thermal Systems.

To understand the application of software for modelling, simulation and optimizatimyiofeering
systems problems.

4 To design and analyze of industrial equip

Total Hr . of Lecturesi 28
Total Hr. of Tutorial 7 07
Total Hr. of Laboratory 1 14

Lecture wise breakup No. of
Lectures

INTRODUCTION TO THERMAL DES IGN: Design, Mathematical Modellin 04
and Numerical Simulatiorof Thermal Systems, Approach to Robust Des

1 Numerical Methods for thermal and energy syste@iesed form solutions of he
transfer problemg;inite Difference and Finite Volume Formulatiof§MA Method
DESIGN AND ANALYSIS OF THERMAL EQUIPMENT: Design Strategies 05

5 Design of Heat Exchanger, Refrigeration System, Solar Thermal System, Heat

Cooling of Electronic Components, Energy Storage System and Design Consid
for Engineerig Material Selection.

DESIGN AND ANALYSIS OF HYDRAULIC SYSTEM: Introduction to Hydraulic 05
3 Systems, Constituents of Hydraulic System, Directional Control Valve, Pre
Control Valve and Flow Control Valve, Hydraulic Circuit Design and Analysis.

OPTIMIZATION: Basic Concepts, Objective Function, Methods, Optimizatio 05
Mechanical System and case studies, Practical Aspects in Optimal O
Constrained and Unconstrained Problenisingrage Multiplier, Geometric &
Dynamic Programming based optimiion.

THERMAL SYSTEM SIMULATION: Simulation of Periodic Heat Transfe 05
5 Laminar and Turbulent Convection, Compressible Flow in Nozzle, Cavitatior
Solidification, Flow Past a Cylinder, Flat Plate Boundary Layer.

ECONOMIC AND EXERGO -ECONOMIC ANALYSIS: Estimation of Total 04
Capital Investment, Principal of Economic Evaluation, Calculation of Rey
6 Requirements, Levelized Cost Rates, Cost Rate of Exergy Destruction, E
Destruction, Percentage Relative Cost Difference, Total Operating GostaRd
Exergeeconomic Factor.

Experiments:

Thermal system modelling and simulation experimentdHeat Exchanger, refrigeratio 14
system, hydraulic system, solar energy, energy storageikttoe performedon anysuitable
software package
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Sr. | Course Outcome Knowledge Level
No. | By the end of this course, the student will be able to: (Blooms Level)
1 Gain knowledge of different aspects of designing of a thermal system. L2, L3
2 Identify and examine a design problem associated to a theystairs L4, L5
3 Integrate thermal component models and simulate a thermal system. L6
4 Design, formulate, analyze, and solve engineering problems using know L6
of various disciplines.
Inculcate an ability to identify, formulates, and solves esgjiimg problems
5 : . . L3, L4, L5
using mathematical techniques.
6 Perform techneconomic analysis of thermal system using comme L4 L5
software. ’
Suggested Books:
Sr . vear of
NO‘ Name of Book/ Authors/ Publisher Publl_catlon/
) Reprint
1 Design and Optiation of Thermal System with MATLAB Applications, Y Jalur 2020
39ed., CRC Press.
2 Heat Transfer, Cengel and Bole¥ &d., McGraw Hill. 2002
Thermal Design and Optimization, A Bejan, G. Satsoranis and M Mofaed2
3 : . 1996
Wiley Inderscience.
Computational Fluid Dynamics, Versteeg and Malalasekhetaedl, Longman
4 e ; 2007
Scientific & Technical.
CO-PO & CO-PEQ Articulation Matrix
PO1 PO2 PO3 PEO1 PEO2 PEO3 PEO4 PEO5
co1 1 - 1 1 1 1 - 1
CO2 2 - 3 2 2 2 - 2
COo3 3 - 2 3 3 2 - 3
Co4 3 - 2 3 3 3 - 3
CO5 2 - 3 2 2 3 - 3

Note: Level to be filled in the above table
1: Slight (Low)

2: Moderate (Medium)

3: Substantial (high)

. None
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Course Name : POWER PLANT ENGINEERING

Course Code : MER1263

Credits : 3

LTP : 3-0-0

Course Objectives:

1

To understand different types of steam cycles and estimate efficiencies in a steam power pla

2

To describe basic working principles of hydro, gas turbine, diesel engine and nuclear power

3

To understand the power plant economics, depreciation and cost of producing power.

Total Hr. of Lecturesi 42

Lecture wise breakup

No. of
Lectures

1

STEAM POWER PLANT: Introduction, configuration of steam power plant, bg
cycles of operation, Rehegdgenerative cycle, binary cycle, topping &
superimposed cycle.

Steam generatordlodern generators, once through and fluidized bed boilers de
Consideration of modern steam generators, furnace, fuel firing methods, fuel &
handling systems, various accessories of steam generators, steam preg
temperature control.

Steam TurbinePetails of construction, accessories, governing, turbirdeklgower
calculations, arrangement of turbines, industrial turbines. Condensers and (
Towers: Performance, heat transfer design, calculations, efficiencies,
construction, cooling water circuit, environmental aspects.

12

HYDEL POWER PLANT: Hydrology, rainfall measurement hydrographs, fl
duration curves, site selection, classification of hydro stations, capacity of
stations, selection of prime movers, governing of water turbines, operation of di
components of hydro station eggoirs, dam, spillway, canals, penstock, wa
hammer surge tank, Drdfiibes, specific speeds of turbines, Advantages
disadvantages of HPP.

DIESEL POWER PLANT: Diesel plant elements, arrangements of diesel p
diesel engine fuel injection 9N, air intake system, engine lubrication and en
cooling systems, supercharging and superchargers. Methods of starting and s
the engines. Advantages and disadvantages of using diesel power plant, Econg
diesel plant over steam and hyatectric plant.

GAS TURBINE POWER PLANT: General features and characteristics and
application power plants, Analysis of different cycles, components of gas tl
power plants, governing system of gas turbine plant, advantages of G. T. pk&
and steam turbines, combined cydl@hermodynamic analysis for optimum desig
advantages and performance of combined cycles, economics of combined cyc

NUCLEAR POWER PLANT: Atomic structure, energy levels, binding ener
Radioactivity, decayaws, halflife, nuclear reaction. The fission chain react
(Controlled and uncontrolled). Maintenance of chain reaction, heat removal, 1
fuels and materials. Some common types of power reactors. Pressurized water
boiling water reactor anglas cooled reactor. Reactor system safety provisions, F
reaction, site selection, Economics of nuclear power plants, Air pollution, Powe
and the air pollution, Units of radiation dose, Control of internal and external ha
Combined cycle wh nuclear power plants.

POWER PLANT ECONOMICS: Fluctuating load on power plants, load cury
various performance factors of power station. Effect of variable load power
design and operation. Economic analysis of power plants, tariffs, lo&lodiv
combined operation of different power plants, heat rate, incremental hea

selection of power plant and station equipment.
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Sr. Course outcome Knowledge Level
No. (Blooms Level)
1 |Understand, identify and nidntworpk L1, L2,
various components of Steam powe
2 |[Classify various types of fuels L1, L2,
handling, combustion etc. Expl ai
principle aofonfblusitdiomed bed
3 |Under st and, identify and interp| L1, L2,
various components of Hydel powe
4 |(Understand, identify and interp| L1, L2,
various wodmpireesrtlts and gas power
5 |Under st and, identify and interp| L1, L2,
various components of Nuclear po
6 |[Evaluate the Effect of variablde (L1, L2, I
economic analysis.
Suggested Books:
sy _ Year_ _ of
No‘ Name of Book/ Authors/ Publisher Publl_catlon/
) Reprint
1 Power Plant Engineering, T. Morse, Tata McGraw Hill. 2010
2 Power Station Engineering & Economy, Skrotzki, McGraw Hill. 2008
3 Steam Power Plants, Potter, Ronald Press co., New York 2011
4 Nuclear Power Plant, Taylor, Philosophical Library. 2010
5 Power Plant Engineering, Mahesh Verma, Metropolitan. 2012
6 Power Plant Engineering, Domkundwar, Dhanpat Rai and sons 2016
CO-PO & CO-PEQ Articulation Matrix
PO1 PO2 PO3 PEO1 PEO2 PEO3 PEO4 PEO5
Cco1 2 - 2 1 1 1 - 2
CcO2 2 - 2 1 2 2 - 2
CO3 2 - 3 2 1 2 - 2
Cco4 3 - 2 2 2 2 - 3
CO5 2 - 2 2 2 2 - 2
CO6 3 - 3 3 3 3 - 3

Note: Level to be filled in the above table
1: Slight (Low)

2: Moderate (Medium)

3: Substantial (high)

- None
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Course Name : THERMAL ENERGY STORAGE TECHNOLOGIES
Course Code : MER1264

Credits : 3

LTP : 3-0-0

Course Objectives:

1 To provide a basic background in the thermal energy storage {@&#jiques.
2 To study the sensible and latent heat storage methods.
3 To discuss different simulation techniques related to TES systems.

Total Hr. of Lecturesi 42

Lecture wise breakup No. of
Lectures
INTRODUCTION: Concepts, Need and Applicationsf TES techniques 7
1 Classification, Active and Passive TES systems, Basic concepts of Thermody
and Heaflransfer.
5 TES MATERIALS: Sensible heat storage materials, Latent heat storage mat 7
Thermochemical heat storage materials, selectiorES materials.
SENSIBLE HEAT STORAGE: Mechanism of sensible heat storage (SHh 7
3 Advantages and limitations of SHS, Thermal stratification and its import
Techniques for thermal stratification enhancement.
LATENT HEAT STORAGE: Mechanism of |latet heat storage (LHS), Advantag 7
4 and limitations of LHS, Concept of melting and solidification, Techniques
optimizing melting and solidification process.
THERMO -CHEMICAL HEAT STORAGE: Mechanism of thermochemical he 7
5 storage (TCHS), Advantagesdafimitations of TCHS, Thermohemical reactiong
adsorption and absorption heat storage, elattemical heat storage and Fuel cell.
SIMULATION OF TES SYSTEMS: Mathematical modelling basics, Simulation 7
6 SHS, Simulation of melting and solidificatipCase studies, Future trends and rese
problems.
Sr. Course outcome By the end of this course, the student will be able to: Knowledge Level
No. (Blooms Level)
1 | Summarizethermal energy storage systems. L2
2 | Selectsuitable material fothermalenergy storage systems. L3
3 | Apply the knowledge to store thermal energy in an optimum way. L3
4 | Analyze and Evaluatethermal energy storage systems L4, L5
5 | Design and develoghermal energy storage systems via simulations. L6
Suggested Books:
Sy _ Year_ _ of
NO‘ Name of Book/ Authors/ Publisher Publl_catlon/
' Reprint
1 Thermal Energy Storage Systems and Applications, Ibrahim Dincer and Mg 2011
Rosen, Wiley.
5 Thermal Energy Storage: Basics, Design, Applications to Power Generatig 1984
Heat Supply G.Beckmann P.V.Gilli, Springer.
3 Solar Thermal Energy Storage, H.Barg S.C. Mullick, Vijay K. Bhargava 1985
Springer.
4 Advances in Thermal Energy Storage Systems: Methods and Applications, L 2014
Cabeza, Elsevier.
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Latent HeatBased Thermal Energy Storage Syste 2020
5 Materials, Applications, and the Energy Market, Amritanshu Shukla, Atul Shé
Pascal Henry Biwolé, Apple Academic Press.

Thermal Energy Storage Technologies for Sustainability by S. Kalaiselva 2014

6 Parameshwan
CO-PO & CO-PEO Articulation Matrix

PO1 PO2 PO3 PEO1 PEO2 PEO3 PEO4 PEO5
Co1 1 - 2 3 - - - -
CO2 1 - 1 2 - - - -
CO3 2 - 2 3 2 2 - -
CO4 2 - 2 3 2 2 - 2
CO5 2 - 3 2 2 2 - 3

Note: Level to be filled in the above table
1: Slight (Low)

2: Moderate (Medium)

3: Substantial (high)

- . None
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Course Name : SYSTEM DYNAMICS AND CONTROL

Course Code : MER 3001

Credits : 3
LTP :

3-0-0

Course Obijectives:In this course, the student will be able to understand

1

Fundamental &hniques for modeling of dynamic systems.

2

System models in the time and frequency domains.

3

Feedback control systems and parameters which influences the stability and performance.

Total Hr. of Lecturesi 42

Lecture wise breakup

No. of
Lectures

INTRODUCTION TO PHYSICAL SYSTEM DYNAMICS MODELING OF
PHYSICAL SYSTEM DYNAMICS: Fourier and Laplace transforms description
systems, A Unified Approach: Physical systems, Introduction to Bond graphs,
Bonds and Power; Elements of Bond gradhport element$ resistor R, Stiffness C
and Inertia I, Source of Effort Se and Flow Sp@t element§ Transformer TF ang
Gyrator GY, with modulation, Junction elements 1 and 0; Causality: Causality for
1-port and multiports. Derivation of Syem equations from Bond graphs in first org
state space form, Numerical computations and simulations using MATLAB.

5

BOND GRAPH MODELING OF MULTI -ENERGY SYSTEMS: Mechanical
Systems, Translation and rotation (about a fixed axis), Electrical Sysg
Electromechanical Systems, Fluid systems, Transducer modeydinder, rack ang
pinion, electromechanical transducersnotors, pumps positive displacement an
centrifugal pump, gear trains, etc.

ANALYSIS OF LINEAR SYSTEMS: Free and forced responfw first and secon
order systems, Undamped and damped oscillator, Derivation of Signal flow graph
Bond graphs, Derivation of Transfer functions, Bode plots, Linearization, Linear sy
Transfer function models, Block diagram representation, Sitpwa graph, Transien
response analysis using Laplace transform, First and second order systems g
characteristics, Higher order systems, Steady state error and error constants, De|
performance in time domain.

LINEAR FEEDBACK CONTROL SYSTEMS: Characteristics of feedback contr,
systems Disturbance rejection, sensitiviygtandard feedback controller©n/off,
Proportional, integral, derivative, PD and PID, Numerical computations
MATLAB.

STABILITY OF CONTROL SYSTEMS: Pole s and zer os, co
criterion, Delay and its influence on control system performance, Frequency req
Bode plots, Nyquist plot, Nyquist stability criterion, Liapunov stability criteria.

CONTROL SYSTEM DESIGN: Root locus method fodesign, Lead and la
compensation, Control system design using Frequency response, Frequency
specifications, Gain margin, Phase margin, Correlation of Frequency and time (¢
specifications, Frequency domain design, Lead and lag compensatpr dgisig Bode
Plots.

SIMULATION AND CASE STUDIES: Computer simulation of Dynamic Syste

using Bond graphs
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Sr. | Course outcomeBy the end of this course, the student Knowledge Level
No. | will be able to: (Blooms Level)
1 Understanding # concept of physical systems in mugitiergy domains ar L2

modeling their dynamics through the unified approach of Bond graph
2 Understanding and applying principles of classical and modern control the L2,L3
the control of multenergy physical systems
3 Understand and apply the feedback control techniques to optimize the wor L2, L3
mechanical systems.
4 Understanding the concept of causality and its implications for deriving sy L2, L5
equations from bond graph models
5 Develop the control system to generate and analyze the time and frec L4,L6
Domain characteristics and evaluate the stability of control systems.
6 Ability to simulate models of mukenergy physical systems and analyse L4, L6
response through case studies
Sr Year of
NO‘ Name of Book/ Authors/ Publisher Publication/
' Reprint
1 Karnopp, Margolis, Rosenberg, System Dynamics: Modeling and Simulati 2012
Mechatronic Systems, Fourth Edition, Wiley (Higher education), 2005.
2 Amalendu Mukherjee& R. Karmakar, Modeling & Simulation of Engineeri 2010
Systems through Bond Graphs, Narosa, 2000.
3 Kat suhi ko Ogata, ASystem Dynamicso, 2003
4 Ramin S. Esfandi ar i and Bei Lu, i Mg 2006
CRC Ress. 2010
5 Amalendu Mukherjee, Ranjit Karmakar and Arun Kumar Samantaray, Bond G 2005
in Modeling, Simulation and Fault Identification, 1. K. International Publishing
House Pvt. Ltd, 2006
CO-PO & CO-PEOQ Articulation Matrix
PO1 PO2 PO3 PEO1 PEO2 PEO3 PEO4 PEO5
Cco1 2 - 1 2 2 2 - -
CO2 2 - 2 2 3 3 - -
COo3 2 - 3 2 3 3 - -
Cco4 3 - 2 2 3 3 - -
CO5 3 - 3 3 3 3 - 2
CO6 3 3 3 3 3 3 - 3

Note: Level to be filled in the above table
1: Slight (Low)

2: Moderate (Medium)

3: Substantial (high)

- . None
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Course Name

SMART MATERIALS AND STRUCTURES

Course Code

MER 3002

Credits : 3
LTP :

3-0-0

Course Obijectives:In this course, the student will be able to

1

Learn about different types of smart materials.

Understand the designing ahart structures using different smart materials.

Understand the techniques to develop solutions for industrial problems using smart structy

materials.

2
3
4

Learn the engineering principles in smart sensor, actuator and transducer technologies.

Total Hr. of Lecturesi 42

Lecture wise breakup

No. of
Lectures

INTELLIGENT MATERIALS: Primitive functions of intelligent material
Intelligence inherent in materials, Materials intelligently harmonizing with huma
Intelligent biological materials.

4

SMART MATERIALS AND STRUCTURAL SYSTEMS: Actuator materials
Sensing technologies, Micisensors, Intelligent systems, Hybrid smart mater
Passive sensory smart structures, Reactive actuator based smart structures
sensing and reactive smattuctures, Smart skins.

ELECTRO-RHEOLOGICAL AND MAGNETO -RHEOLOGICAL FLUIDS:
Suspensions and electro & magneteological fluids, Electro & Magnetg
rheological phenomena and working principle, Charge migration mechanism f
dispersed phase, Etec & Magneterheological fluid actuators.

PIEZOELECTRIC MATERIALS: Background, Piezoelectricity, Industri
piezoelectric materials, Smart materials featuring piezoelectric elements.

SHAPE MEMORY MATERIALS: Background and ApplicationsContinuum
applications Structures and machine systems, Discrete applications, Impedime
applications of shapmemoryalloys, Shapenemoryplastics.

FIBER-OPTICS: Overview, Advantages of fibawptics, Light propagation in &
optical fiber, Embedding optt fibers in fibrous polymeric thermosets, Filmgtic
strain sensors.

PIEZOELECTRIC VIBRATIONS ABSORBER SYSTEMS: Introduction, Single
mode absorber, theory, design solution, extension including viscous modal dal
electromechanical coupling coefient, inductance, Multimode absorber, derivat
of transfer function, design solution, salhing absorber, performance function &
control scheme.

Sr.

No.

Courseoutcome
By the end of this course, the student will be able to

KnowledgelLevel
(Blooms Level)

Understand the primitive functions of the smart materials and their
implementation.

L2

Apply the principles of operation and methods of analyses employed in s
materials.

L3

Distinguish the materials for their properties and diffeegtlications.

L4

Evaluate piezoelectric materials; shape memory materials, electrorheolog
magnetorheological fluids.

L5

Understand and analyze the principles of fiber optics for newer applicatio

L2, L4

Adapt alternative solution for vibiah suppression, shape control and sizin
mechanical systems using smart materials

L6
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Suggested Books:
sr. | vear of
No Name of Book/ Authors/ Publisher Publlcqtlon/
' Reprint
1 Smart Materials and structures, M.V. Gandhi and B.S. Thomp&teq.2 Clapman & 1992
Hall.
5 Smart Structures and Structuronic System, U. Gabbert and H.S. Tzou, K 2001
Academic Publishers.
3 Smart StructuresAnalysis and Design, A.V. Srinivasan and D. Michael McFarlg 2001
Cambridge University Press.
4 Smart Mateml Structures: Modeling, Estimation and Control, H.T. Banks, R.C. S 1999
and Y.W. Qang, 6ed., John Wiley & Sons.
CO-PO & CO-PEO Articulation Matrix
PO1 PO2 PO3 PEO1 PEO2 PEO3 PEO4 PEO5
Cco1 2 1 2 2 1 1 - 1
COo2 2 1 2 2 2 1 - 1
CO3 2 1 3 2 2 1 - 1
CO4 3 2 3 3 2 2 - 2
CO5 2 1 3 3 3 1 - 2
CO6 3 1 3 3 3 3 - 3

Note: Level to be filled in the above table
1: Slight (Low)

2: Moderate (Medium)

3: Substantial (high)

. None
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Course Name : HYDRAULICS AND PNEUMATICS CONTROL DESIGN
Course Qode : MER 3003

Credits : 3

LTP : 3-0-0

Course Objectives:

1 To provide an insight into the capabilities of hydraulic and pneumatic fluid power.

5 To understand the concepts and relationships surrounding force, pressure, energy and fhow
power systems.

3 To examine concepts centering on sources of hydraulic power, rotary and linear actuators, dis
systems, hydraulic flow in pipes, and control components in fluid power systems.

4 To provide the exposure to build andeirpret hydraulic and pneumatic circuits related to industria
applications.

5 To familiarize with logic controls and trouble shooting.

Total Hr. of Lecturesi 42

Lecture wise breakup

No. of
Lectures

BASIC PNEUMATIC AND HYDRAULIC SYSTEMS: Introduction and basi
elements of fluid power system, their structure, advantages and limitation, Applig
of fluid power, pneumatic vs hydraulics control systems, Properties of fluid
hydraulic systems and governing laws, review of pneumatics inbdisom of fluid
power, Structure and signal flow of hydraulic and pneumatic system.

5

PUMPS AND VALVES : Classification, Working and performance of gear, vé
piston pumps and their selection, Pressure intensifiers, Direction control valves, P|
control valves, Flow control valves, Servo valves, Pressure switches

ACTUATORS AND OUTPUT DEVICES: Cylinders, Classification of cylinders ¢
the basis of construction, Single and Double acting cylinders, their P[@ssification
of cylinders on th basis of working Mediumhydraulic and Pneumatic, rdess
cylinders, Cylinder construction, mounting arrangement Construction and work
rotary actuators such as gear, vane, piston and hydraulic motors. Theoretical
power, flowrate, hydrauli motor performance, Symbolic representation of actug
(cylinders and motors), Cylinder performance characteristics, Symbols of M
Classification of fluid motors.

HYDRAULIC CIRCUIT DESIGN AND ANALYSIS: Control of singleacting and
doubleacing cylinders, Study of various circuits like regenerative, high low circ
Synchronization circuits, and accumulator sizing. Intensifier circuits Metdvieter
out and Bleeeff circuits; Fail Safe and Counter balancing circuits, speed control
maintenance of hydraulic circuits. command, Single and continuous cycle, Eme
command pressure reduction circuit, problems in circuit design.

PNEUMATIC CONTROL SYSTEMS: Air preparation and componen
Compressors and conditioners, Valves faiddfunctions; Time delay valve; Exhau
and supply air throttling, Air control valves and actuators.

PNEUMATIC CONTROL CIRCUIT DESIGN AND ANALYSIS: Design
considerations, Pressure and energy loss, Basic pneumatic systems, Vacu
accumulator systes, Circuit analysis.

FLUID LOGIC CONTROL SYSTEM : Principles, Basic fluidic devices, fluig
sensors, Boolean algebra, fluidic control of fluid powers systems.
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CONTROL SYSTEMS: Selection and comparison of working and control me 6
Control systendevelopmentDisplacemenf Time and Travebtep diagrams. Wil
dependent control, Travelependent control and Time dependent control, comh

8 control, Program Control, Electgmeumatic control and alrydraulic control,
Electrohydraulic Servo Contradnd their analysisLadder diagrams. Applications
Assembly, Feeding, Metalworking, materials handling and plastics working.
Sr. Course outcomeBy the end of this course, the student Knowledge Level
No. | will be able to: (Blooms Level)
1 | Analyze and understand the basic pneumatic and hydraulic components L2
2 Identify and analyze the functional requirements of a fluid power transm L4
system for a given application.
3 Formulate and access the mathematical models of hydraulic andadrnecincuits L3, L5
4 | Design and implement simple fluid power systems common in indy L6
applications using commercial components.
5 | Select and standardize the different components of the circuit. L5
6 Design programmable circuits with difest elements and symbols for industrig L6
applications

Suggested Books:

Sr. ] Ye_ar gf

No. Name of Book/ Authors/ Publisher Publlcqtlon/
Reprint

1 Fundamentals of Fluid Power Control, John Watton, Cambridge University press. 2012

2 Hydraulics and Pneumatics, Andrew Par, Jaico Publishing House. 2005

3 Fluid Power with Applications, Anthony Esposito, 6th Edition, Pearson Prentice H 2007
New Delhi 2007 2

4 Introduction to Fluid Power, Thomson, Prentice Hall. 2004

5 Pneumatic systesi Principles and Maintenance, Majumdar S.R., TataGdaw Hill, 2012
New Delhi.

6 Oil Hydraulics systemg Principles and Maintenance, S. R. Majumdar, TataGviaw 2012
Hill.

CO-PO & CO-PEO Articulation Matrix

PO1 PO2 PO3 PEO1 PEO2 PEO3 PEO4 PEOS
COo1 1 - 1 2 2 2 - -
Co2 3 - 2 3 3 2 - -
CO3 3 - 2 3 3 3 - -
CO4 3 - 3 3 3 3 - -
CO5 3 - 2 2 3 3 - -
CO6 3 3 3 3 3 3 - 3

Note: Level to be filled in the above table
1: Slight (Low)

2: Moderate (Medium)

3: Substantial (high)

- None
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Course Nane : TRIBOLOGY AND LUBRICATION

Course Code : MER 3004

Credits : 3

LTP

3-0-0

Course Obijectives:In this course, the student will be able to

1

Give exposure to the students about the interaction between the three basic areas of engine

friction, wear and lubrication.

Give exposure to mechanical behavior of different materials in various tribological conditions

Give exposure to complete range of industrial lubricants.

2
3
4

Enable students to design sliding contact and rolling contacinigs.

Total Hr. of Lecturesi 42

Sr.

No.

Contents

No. of
Hrs

SURFACE INTERACTION AND FRICTION: Topography of surfacesSurface
features properties and measurement, surface interaction, adhesive theory of
friction, rolling friction, friction properties of metallic and nonetallic materials, frictior]
in extreme conditions, thermal considerations in sliding contact, concept on geome
the performance analysis of bearing.

7

WEAR AND SURFACE TREATMENT: Types of wears, mechanism of iars types of
wear, laws of wear, theoretical wear models, wear of metals anthetats, plastics an
ceramics, surface treatments, surface modifications, surface topography measut
laser methods, instrumentation, international standards in friztidrwear measurement

LUBRICANTS AND LUBRICATION REGIMES: Lubricants and their physics
properties, viscosity and other properties of oils, additives and selection of lubr
Lubricants StandardsISO, SAE, AGMA, BIS standards, lubrication regsy solid
lubrication, dry and marginally lubricated contacts, boundary lubrication.

SELECTION OF BEARINGS: Selection criteria, dry and boundary lubrication bearis
hydrostatic and hydrodynamic bearings, electromagnetic bearings, dry bearings,
element bearings, bearings for precision applications, foil bearings, special be
selection of plain bearing materials, metallic and -naallic bearings, tolerance (
bearings.

THEORY OF HYDROSTATIC AND HYDRODYNAMIC LUBRICATION:
Reynolds egation, assumptions and limitations, one and two dimensional Rey
equation, Somerfield boundary conditions, pressure wave, flow, load capacity and
calculations in hydrodynamic bearings, long and short bearings, pad bearings and
bearing, squeeze film effects, thermal considerations, hydrostatic bearings & lubrig
design of foil bearings, air bearings.

HIGH PRESSURE CONTACTS AND ELASTO HYDRODYNAMIC
LUBRICATION: Rolling contacts of elastic solids, contact stresses, Hertziassg
spherical and cylindrical contacts, contact fatigue life, oil film effedasto
Hydrodynamic Lubrication:Theory of soft and harélasto hydrodynamic lubricatiof
Reynolds equation for elasto hydrodynamic lubrication, film shape within and o
contact zones, film thickness and friction calculation, rolling bearings, stresse
deflections, traction drives, internal clearance, shaft and housing fit, moy
arrangements, materials for rolling bearings, manufacturing methods, ceramic be

rolling bearing cages bearing seals selection.

Sr.

No.

Courseoutcome KnowledgeLevel
By the end of this course, the student will be able to (BloomsLevel)

Recall and understand the basics of friction, wear and lubrication L1, L2

Apply and evalua wear mechanism principles to different kinds of mater L3, L5
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3 Analyze the mechanical behavior of lubricants while working between ru L4
surfaces under load without causing wear.
4 Selection & design of Journal, Ball and Roller Bearings fdfernt L6
applications.
Recall the various equations of fluid mechanics and conjecture thes
5 : . ] L1, L6
hydrodynamic lubrication.
Suggested Books:
Sy _ Year_ _ of
NO‘ Name of Book/ Authors/ Publisher Publl_catlon/
' Reprint
1 Friction and Wear of Mataals, E. Rabinowicz, John Willey & Sons, UK. 1995
2 Basic Lubrication Theory, A. Cameron, Ellis Herward Ltd., UK. 1981
3 Principles of Tribology, J. Halling, Macmillian. 1984
4 Engineering Tribology, J. A. Williams, Oxford Univ. Press. 1994
5 Fundaments of Tribology, S. K. Basu, S. N. Sengupta & B. B. Ahuja, Pretttiak 2005
of India Pvt. Ltd., New Delhi.
6 Engineering Tribology, G. W. Stachowiak & A.W. Batchelor, Butterwo 2005
Heinemann, UK.
7 Tribology Hand Book, M.J. Neale, Butterworth Heiream, UK. 2001
CO-PO & CO-PEQ Articulation Matrix
PO1 PO2 PO3 PEO1 PEO2 PEO3 PEO4 PEO5
Cco1 1 1 1 1 - - - -
CO2 2 1 3 2 2 2 - 2
CO3 2 1 3 2 2 3 - -
Cco4 3 2 3 3 3 3 - 3
CO5 3 2 2 2 2 2 - 2

Note: Level to be filled in the above table
1: Slight (Low)

2: Moderate (Medium)

3: Substantial (high)

- . None
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Course Name : NON-CONVENTIONAL ENERGY RESOURCES

Course Code : MER 3005

Credits : 3

LTP ) 3-0-0

Course Obijectives:To understand the

1 Solar energy, wind energy and biomass energy techissl.

Basic concepts of solar radiation, solar thermal systems and PV cells.

2
3 Wind-energy potential and get familiarize with different systems for its effective utilization.
4 Bio-energy generation from the bigaste and waste management system.

Total Hr. of Lecturesi 42

Lecture wise breakup No. of
Lectures

INTRODUCTION: Introduction to sustainable energy, energy and environment, e 4
scenario and role of renewable in India, human development index, conventional
sources, limited fossiluels, environmental impact of fossil fuels, energy alternati
introduction to various sources of renewable energy.

SOLAR RADIATION AND ITS MEASUREMENT: Extraterrestrial radiation 4
2 spectral distribution, solar constant, solar radiations on eamtasurement of solg
radiations, solar radiation geometry, solar radiation on tilted surface.

SOLAR ENERGY: Solar flat plate collector, solar air heater, solar water heater, 6
of concentrating collectors, solar energy tracking systems, introductisolar therma
energy storage systems, solar energy plants in India, Solar energy mission, enviro
impact of solar energy, Solar photovoltaic systems and applications.

WIND ENERGY: Introduction, Wind resource assessment, wind data andye 12
estimation, energy pattern factor in wind power, Weibull probability density fung
Beaufort wind scale, Wind power generation curve, Fundamentals and classificg
4 wind turbines, aerodynamic design principles, Modern wind turbines and
charateristics, power extraction and control strategies, Modes of wind power gene
Wind energy farms, Wind energy power plants in India, Futuristic hybrid -satet
system, Economic consideration and environmental impact.

BIO-ENERGY: Introduction, Photosynthesis, Constituents of biomass mater 12
Analysis of biomassBiochemical, Proximate analysis, Ultimate analy$¥simary
biomass as source of energWoody biomass, oilseed crops, energy plantat
Secondary biomass as source of eneRRgsides and wastes, Processes of bion
separation and pelleting,Thermochemical ProcessingCombustion, pyrolysis
gasification, hydrothermal processing, transesterification, producer gasliebé,
Biochemical ProcessingAnaerobic digestion, fermentatiom produce ethano
enzymatic conversiomBio-power generation systemisnergy from urban waste, liqu
waste, Power generation from landfill gas, biomass cogeneration, biomass re
development in India, environmental impact and future oEpiergy.

WASTE CYCLE MANAGEMENT: Introduction, Common source of waste, Differg 4
6 types of waste, Waste management, Recycling processes and waste mang
Advantages and disadvantages of recycling waste and Recycling plants.

Sr. Course outcome Knowledge Level
No. (Blooms Level)
1 | Introduction to energy and environment, energy scenario in India and r L2
renewable energy.
2 | Demonstrate various renewable energy systems based on solar, wind-g L3
energy, and discuss their present status and futame m India.
3 | Estimate the solar radiation, formulate heat transfer equations, and & L4, L5
modern energy conversion systems used in solar applications.
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4 | Examine the wind energy potential and evaluate the performance of L4, L5
energy plants.
5 | Examine different methods of benergy sources, bienergy harvesting L4, L5
waste cycle management, and evaluate their economic and oper
viability.
Suggested Books:
Sr . vear of
NO‘ Name of Book/ Authors/ Publisher Publl_catlon/
) Reprint
1 Non-Conventional Energy Sources, G.D. Rai, Khanna Publishers, New Delhi 2014
2 Renewable Energy Resources, Twidell, J.W. & Weir, A., EFN Spon Ltd., UK 2005
Renewable Energy: Power for a Sustainable Future, Godfrey Boyle,
3 : : 2012
University Press, U.
4 Solar Energy: Principles of Thermal Collection and Storage, S.P. Sukhatmg 2009
McGraw Hill Publishing Company Ltd., New Delhi.
5 Solar Energyi Fundamentals Design, Modelling and applications, G.N. Tiv 2015
Alpha, Science Intl Ltd.
6 Non-Conventional Energy Resources, B.H. Khan, McGraw Hill 2009
7 Wind Energy Explained’heory, Design and Applications, J. F. Manwell, J. 2010
McGowan, and A. L. Rogers'%d. Wiley
8 Renewable Energy Resources, J. Twidell and T. Wéied3 Routedge 2015
9 Principles of Sustainable Energy Systems, F. Kreffre@ CRC Press 2014
CO-PO & CO-PEQ Articulation Matrix
PO1 PO2 PO3 PEO1 PEO2 PEO3 PEO4 PEO5
Co1 - - 1 1 - - - -
CO2 1 - 2 1 - - - 1
CO3 2 - 3 2 1 1 - 2
CoO4 3 - 2 3 2 2 - 2
CO5 2 - 2 2 2 3 - 2

Note: Level to be filled in the above table
1: Slight (Low)

2: Moderate (Medium)

3: Substantial (high)

- None
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Course Name : ADVANCED UNCONVENTIONAL ENERGY RESOURCES
Course Code : MER 3006

Credits : 3

LTP : 3-0-0

Course Obijecives:

To get an exposure of hydrogen energy, fuel cells, nuclear energy, tidal energy and geotherm

1 technologies.

2 To understand the basic concepts and different systems involved in utilizing hydrogen as a f

3 To understand the potentahd applications of nuclear energy, tidal and wind energy and geoth
energy.

4 To understand the thermoelectric and thermionic convertors, MHD generator and small

turbines.

Total Hr. of Lecturesi 42

Lecture wise breakup

No. of
Lectures

HYDROGEN ENERGY: Hydrogen as a fuel, Properties and Sources of Hydrg
Production, Storage and Transportation Methods, Controlled and Uncontrolled Hy:
Combustion, Hydrogen as a Fuel in Automobiles, Hydrogen Management and Miti
Strategies (includig safety systems), Environmental Benefits.

8

FUEL CELLS: Introduction, difference between batteries and fuel cell, Wor
principle of Fuel Cell, Different components of fuel cells, Operating and Perforn
Characteristics of Fuel Cell, Types of fugll, Hydrogen Fuel Cell and Analysis, Fy
cell power plants, Fuel cell application in automobiles, Problems with Fuel

Overview on ongoing research activities in India and World, Future potential of fuel

NUCLEAR ENERGY : Nuclearenergg cenar i o i n I ndia an
nuclear program, Introduction to nuclear fusion and fission reactions, Fissic
materials,Nuclear Fission Power PlantsTypes of power plants (BWR, PWR, al
PHWR), Basic components, construction and wwkof a nuclear reactorduclear
reactor containmentPurpose and basic construction, passive containment cqg
concept, Introduction to various safety systenifsgdneration Nuclear Power Plan
Radiation leakage and its effect on nearby habit&his]ear waste and its dispos
Nuclear fusion reactors.

TIDAL AND WAVE ENERGY: Origin of Tides,types of tidal power generatig
systems, important components, tidal power development in India, economics (¢
power, Wave EnergyBasic theory, Opeand closedcean Thermal Energy Conversi
Cycles (OTECs)global development of OTEC plants, OTEC development in India|

GEOTHERMAL ENERGY: Introduction, Sources, physics of deep geotherm
resources, technologies for exploiting high enthalpy stezadsf @othermal powe
plants,geothermal preheat hybrid with conventional plants, Identification and utiliz
of geothermal energy in India, Recent advancement in geothermal energy, enviror
impact of geothermal energy.

OTHER ENERGY SYSTEMS: ThermeElectric Power Basic principles, Therm
electric power generators, Applications and limitatidrtsgrmionic Power Generation
Basic principles, Thermionic generators, Applications and limitatiglagineteHydro-

Dynamics (MHD) Generatord8asics Pmciple of MHD generation system, MHD op
and closed systems, Advantages and Disadvantages of @&l Hydro Power
Resource assessment for small installations, Mini and micro hydel power |
classification and operating range of different hydroihe, Indian and global scenal
of small hydro powertHybrid Energy Systemtegrating renewable and conventio

energy source$;lobal impact of the unconventional energy sources.
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Sr. Course outcome Knowledge Level
No. (Blooms Level)
1 | Introducton to advanced unconventional energy resources, such as hyd L2
nuclear, tidal & wave energy, gé¢leermal and others.
2 | Discuss hydrogen, nuclear, tidal & wave energy, -tgomal and othe L3
renewable energy systems, and their current status and fatindia.
3 | Explore safe and effective use of hydrogen, analyze and evaluaf L4, L5
performance of different hydrogen fuel cells, and their implementation in I
conditions.
4 |[Examine the potenti al of n u cdppraase L4, L5
different types of nuclear power plants and safety systems.
5 Examine geother mal, tidal and w¢q L4, L5
defend their operational viability.
6 | Distinguish and apply the various form of energies suckhesncelectric, L2, L3
thermionic, magneto hydrodynamic in practical applications.
Suggested Books:
Sr . vear of
NO‘ Name of Book/ Authors/ Publisher Publl_catlon/
) Reprint
1 Non-Conventional Energy Sources, G.D. Rai, Khanna Publishers, New Delhi. 2014
2 Renewable Energy Resources, Twidell, J.W. & Weir, A., EFN Spon Ltd., UK 2005
Renewable Energy, Power for a Sustainable Future, Godfrey Boyle,
3 : : 2012
University Press, U.K.
4 Non-Conventional Energy Resources, B.H. Khan, McGraw Hill. 2009
5 Rerewable Energy Resources, J. Twidell and T. Wé&ied®, Routledge. 2015
6 Principles of Sustainable Energy Systems, F. Kreffre®, CRC Press. 2014
CO-PO & CO-PEQ Articulation Matrix
PO1 PO2 PO3 PEO1 PEO2 PEO3 PEO4 PEO5
Cco1 1 - 1 1 - - -
CcO2 2 - 2 1 - - 2
CO3 2 - 2 2 2 2 3
Cco4 3 - 2 2 3 2 2
CO5 2 - 3 3 2 3 2
CO6 1 - 2 1 1 1 1

Note: Level to be filled in the above table
1: Slight (Low)

2: Moderate (Medium)

3: Substantial (high)

- None
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Course Name : EXPERIMENTAL METHODS FOR ENGINEERS
Course Code : MER 3007

Credits : 3

LTP : 3-0-0

Course Objectives:

To understand the measurement terminologies and the concept of measurement system.

To find the errors and uncertainty in the measurements.

To understand differérsensors used for measurement.

AIWIN|F

To identify the correct DAQ system for recording and analyzing the experimental results.

Total Hr. of Lecturesi 42

Lecture wise breakup

Lectures

INTRODUCTION TO EXPERIMENTAL METHODS : Measurement, Instrumern
Measurement methods, Generalized measurement system and its functional e
Classification of instrument&asic conceptsaccuracy, precision, Range, Resoluti
Span, Experiment planningnalysis of experimental dat&rror Analysis, Evaluatior
of and propagation of uncertainties; Regression analysis, Calibration of instrum

INSTRUMENT CHARACTERISTICS: Introduction, Static terms an
characteristics, Dynamic terms and characteristics, Standardgats, Zero, first anc
second order instrments, Response of first and second order system.

FLOW MEASUREMENT AND VISUALIZATION : Positivedisplacemen
methods, Flowobstruction methods, Sonic nozzle, Flow measurement by drag e
Pressure probes, Huatire and hoffilm anemometers, Magnetitow meters,Flow
visualization methodsSmoke methods, Shadowgraph, Schlieren photography,
Doppler anemometer, Lasgrduced fluorescence, Particle image velocimetry.

TEMPERATURE MEASUREMENT : Temperature scales, Idegds thermomete
Temperatire measurement by mechanical and electrical effects, Tempe
measurement by radiation, Transient response of thermal systems, Therm(
compensation, Temperature measuring problems in flowing fluids, Dyn
compensation, Field temperature measemmsing infrared camera.

TRANSPORT-PROPERTY MEASUREMENT: Measurement of thermg
conductivity, Measurement of viscosity, Gas diffusion calorimetry, Convection
transfer measurement, Humidity measurement, PH measurerhentatradiation
measurerants  Emissivity measurement, Reflectivity and transmissi
measurement, Air pollution sampling and measurement, Gas sampling tech
Combustion products measurement.

DAQ AND SIGNAL ANALYSIS: Systems for data acquisition and process
Modulesand computerized data system, Selection criteria for choosing a DAQ s}
Digitization rate, Time and frequency domain representation of signals, Ny
criterion, Techniques for signal analysssgnal conditionersFilters, low, high, band

pass andmplifiers.

Sr.

No.

Course outcome By the end of this course, the student will be able to: | Knowledge
(Blooms Level)

Level

Summarize the basic characteristics of experimental methods

L2

Apply basic concepts of measurement system with confidence.

L3

Identify and minimize the error and uncertainty in the experimental dat

L3

AIWIN|F

Employ different measurement devices in i@k system to correctl
measure the parameters of interest.

L4

()

Select the suitable DAQ system for recording of the erpental data.

L5
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Suggested Books:
Sr . vear of
NO‘ Name of Book/ Authors/ Publisher Publl_catlon/
) Reprint
Experimental Methods for Engineers (SIE), J. P. Holm#mdz, McGrawHill. 2017
Theory and Design for Mechanical Measurements, R. SoRigiind D. Beasley,"7
2 : 2020
ed., John Wiley & Sons.
3 Measurement Systems, E. O. Doebelihed., McGrawHill. 2019
4 An Introduction to Error Analysis, J. R. Taylof¢2d., University Science Books. 1997
5 Theory and Design for Mechanical Measuesits, Alex. C. Beasley, Intelliz Press| 2017
CO-PO & CO-PEO Articulation Matrix
PO1 PO2 PO3 PEO1 PEO2 PEO3 PEO4 PEO5
CO1 1 - 2 3 - - - -
CO2 2 - 2 3 2 2 - -
CO3 1 - 1 2 - - - -
CO4 2 - 2 3 2 2 - 2
CO5 2 - 3 2 2 2 - 3

Note: Level to be filled in he above table
1: Slight (Low)

2: Moderate (Medium)

3: Substantial (high)

-: None
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Course Name : THERMAL MANAGEMENT OF ENGINEERING SYSTEM
Course Code : MER 3008
Credits : 3
LTP : 3-0-0
Course Objectives:
1 To understand the basics concegtthermal management system.
5 To understand the process of convective and conduction cooling for different engir
components.
3 To have in depth understanding of various cooling technologies and cooling of PCB Systemg
4 To impart the knowledge afdvance cooling technologies and concept of cooling in reil@ctric
systems.
Total Hr. of Lecturesi 42
Lecture wise breakup No. of
Lectures
INTRODUCTION: Need for Thermal Control, Reliability and Temperaty 5
1 Fundamental of Convective and Boililtgat Transfer, Key Components of Liqu
Cooled System, Heat Transfer from Component to Coolant.
CONDUCTION AND CONVECTION COOLING: OneDimensional Hea 8
5 Conduction, Application to Single Plate, Parallel Plates, Straight Fin Arrays ar
Fin Arrays, Thermal/Electrical Analogy, Lumpe8lystem Transient Analysis and He
Conduction with Phase Change.
LIQUID COOING TECHNOLOGIES: Natural Convection Liquid Cooling, Dire 8
3 Immersion Pool Cooling, Forced Convection Liquid Cooling, Flow Boiling Cool
Refrigerant Cooling, Micro channel Cooling, Jet Impingement and Spray Co(
Forced Convection involving Phase Change Materials.
COOLING OF MICRO -ELECTRIC EQUIPMENT: Direct Immersion Coole( 5
4 Chip Packages, Computing Systems; Other Types of Systemm&ti& Small &
Micro Scale Refrigeration Systems and Aerospace and Space Systems.
COOLING OF PCB SYSTEMS: Components of Printed Circuit Boards, Direct 8
5 Cooling and Fans, Natural and Mixed Convection, Heat Exchanger and Cooling
andFans andhir-Handling Systems.
ADVANCED COOLING TECHNOLOGY: Single Phase Liquid Cooling, Tw 8
Phase Flow Cooling, Heat Pipe Operation Principle, Useful Character
6 Operational Limits, Material Compatibility, Operating Temperatures, Oper
Methods, Appkations and Micro Heat Pipes, Thermoelectric Coolers, Oper
Principle, System Configuration and Performance Analysis.
St No Course Outcom_e . Knowledge Level
"' | By the end of this course, the student will be able to: (Blooms Level)
Understand theldid dynamics of electronic cooling systems and L2
transfer mechanisms.
Develop basic concept pertaining to thermal management of enging L3
system.
Know-how various conduction and convection cooling techniques
) ) L4, L5
different physical systems
Understand thermal energy conversion system and involve manag
. Lo . L3, L4, L5, L6
practices for optimization of energy savings.
Implement various cooling technologies for thermal management of L5
and micreelectronic systems.
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Suggsested Books:
Sr . vear of
NO‘ Name of Book/ Authors/ Publisher Publlca_tlon/
) Reprint
Thermal Design of Liquid Cooled Microelectronic Equipment, L T Yeh, ASME
1 2019
Press, New York.
Thermal Management of Microelectronic Equipment, L T Yeh and R C CHUEA
2 2002
Press New York.
3 Cooling of Electronic Systems, S. Kaka¢ H. YuncuK. Hijikata, Springer. 1993
4 Heat Transfer: Thermal Management of Electronics, Younes Shabany, CRC P 2010
CO-PO & CO-PEQ Articulation Matrix
PO1 PO2 PO3 PEO1 PEO2 PEO3 PEO4 PEO5
Co1 - - 1 1 1 1 - 1
CO2 1 - 2 1 1 1 - 1
CO3 2 - 3 2 3 2 - 3
CoO4 3 - 3 3 3 3 - 3
CO5 2 - 3 2 2 2 - 3

Note: Level to be filled in the above table
1: Slight (Low)

2: Moderate (Medium)

3: Substantial (high)

. None
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Course Name : SOLAR THERMAL ENERGY

Course Code : MER 3009

Credits : 3

LTP : 3-0-0

Course Objectives:

1 To understand the basic principles of sol

2 To understand the design and operation of

3 To study thekeui hdusgrappl aodti ons of the s

4 To understand the current mar ket status o

Total Hr. of Lecturesi 42

Lecture wise breakup No.

Lect |

1 |OVERVIEW: Introduction, Space and Time, Solar Geometric Angles (Spaeadh's 6
Tilted Axis and the Seasons, Solar Time, Exénaestrial Radiation and the Atmospheé
Micro-controller based solar energy measurement syskéaterials For Optocalorig
Performance:Introduction, Heat Transfer Considerations, Radiation Charstitsriof
Opaque Materials, Radiation in Cov&bsorber Systems.

2 ICOLLECTOR SYBMT-EM&t e Col |l ¢éotoondB8ygsi ems 12
Pl ate Coll ectors;PIlBner ColBeaelcamae ,i rFI|R
and Ch arnta @toemrcient rati ng :Clodtlrecdwat i
Concentrating-l @agi egt Cron,ceNbnator s,
Energy TrackPenrgf obynamnems .Of Sol ar The
I ntroducti on,erlnmaald Soyfs tSonisar Clohmpofmbat
Fl uildhdroducti on, Overview of Sol ar T
Pumping Power Considerations.

3 |[SOLAR THERMAL POWERI nStYrSoTdEuMeSt:i 0 n , Ov e 6
Power mSysParabolic Trough Coll ect-cProw
Tower, Solar Updraft Tower s.

4 ||l NDUSTRI AL PROCESSI NG RBQUIORBREMEN T3, 6
Heat for I ndustrial Processes, Ecahohk
Applications and Requirements.

5 |[APPLI CATI ONS OF SOLARrBNEBRGKNWON, Acti 8
storage c 0 ACshiadretr aMe bh s d for SSd laar H
I ntroducti on, Overview ofol iSmg,ar PLyo
Desiccants, Solar Drying, Solar Desal

6 ICURRENT MARKEETr:oducti on, Mar ket Over 4
ldenti fying a Good Mar ket for STE, Sg

Sr. Course outcome By the end of this course, the student will be able to: Knowledge Level

No. (Blooms Level)

1 |[Finde avail able solar energy for L2

2 |[Summatheevarious types of sol ar ¢ L2

3 |Apptye principles ahdssebharcohked L3

4 |Eval uheeperformance of solar coll L4

5 |Appraihee passive/ active solar he L5
applications.
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Suggested Books:
Sr . Name of uBdhok/s/A Publ i sher Year
No. of
Publ i c
Repri
1 |Sol ar EngineeringlJohnTAer lnaf f iPe 0 c Wig 2013
Wil ey and Sons.
2 |[Sol ar -EPreirmgeyi pl es of t her mal coll e 19814
Mc Gr-dwl | , New Del hi
Principles of Sol ar Engi neteirliln.g, F 1978
Sol ar Energy: Fundamentals and App 2007
New Del hi
CO-PO & CO-PEQ Articulation Matrix
PO1 PO2 PO3 PEO1 PEO2 PEO3 PEO4 PEO5
CO1 1 - 1 2 - - - -
CO2 1 - 2 3 - - - -
CO3 2 - 2 3 2 2 - -
CO4 2 - 2 3 2 2 - 2
CO5 2 - 3 2 2 2 - 3

Note: Level to be filled in the above table
1: Slight (Low)

2: Moderate (Medium)

3: Substantial (high)

-: None
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Course |: NUMERI CAL ANREQIBNISQUES
Cour se |: MER 3010

Credit s 3

L T P : 3-0-0

Course Obijectives:

1 [To understand the |inkage between accuracy
2 |[To perform error analysis for arithmetic o
3 |To gain the basic ulngeristamd i aamgd oift A uimap li &1
4 |ITo understand the propagation of errors th

Total Hr. of Lecturesi 42

Lecture wise breakup

No.
Lectu

| NTRODUCTM®ODtNhemati cal Prel i mi nRaerviiee
Cal cRbusaff Errors and Computer Ari

Numerical SSSaftti wanr e,f Equat i Binsecitni o
Fi xRadi nt Il ter@t iMen hotlewatnaln it s Ext

lterative MetmgdsConAeaosglearca, Zer oo
Met hbdt erpol ati on and P oll nytneornpi call a t
Lagrange Pol ynomi al , Dat@ Mephodi,
Di fferences, Hermite I ntenpoPat ame

10

NUMERI CAL DI FFERENTI ATI ON ANDNu mleN
Di fferenti at oBxt rRa pcchlaa tdisoom, El e me
Composite Numeri cal I ntegration,

Met hods, @Gadusasiuae, QMul tiple I ntegr

I NI TIWVALUE PROBEEBEMS8 rMet hodOr dieirg hTeary |
Rungetta Met hods, Er-K o ¥R edhd rbterragl Meen
Met hods, V-8r zabMal St 8 pepl aMea tomo dMe, t-
Order Equations and System®iofecbhi faf
Met hdadsanear Systems of Equati ons,

Matrix | nversion, Determi nantci af d
Matrices, Norms of Vectors and Mat i
GauSisedel lterative Techniques, R
Syst ems, Error Bounds and Ilteratiyv

10

AP ROXI MATI ON T HDHE GRY:et e Least Sq
Ort hogonal Polynomials and Least S
Rati onal Function Approxi mati on, T
Fourier Trpgpmofxo rmmadail uteiseegenAkbvgebr a
Orthogonal Matrices and Similaritiyws
Met hod, QR Al gorithm, Singular Val

NONLI NEAR SYSTEM OFFEQ&ATPONBSts f o
Var i d\telwddso,nMet ho-dewQoasMet hods, St e€g
Homot opy and ContBowmd/adoyn e ME tSthimoldes
Rayl-Righ ard fFiemietnee Met hods for I
Parti al Di f f eEBletnitp,a |P aBqgaubaotliiocn saxnd H

Equati ons.
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Sr. Course outcome By the end of this course, the student will be able to: Knowledge Level
No. (Blooms Level)
1 |[Outline an understanding of the .Qg L2
2 |Make wuse of the power of abstr acd L3
i nvestigative mat hemati cal wor k
3 |Apply a rigorous, anal ytic, high L3
numer i cal met hods.
4 |Analaynsde Eval uate complex engineer L4
met hods
5 |Compil e and Communi cat e probl em L6
terminology.
Suggested Books:
Sr.Name of Book/ Authors/ Publisher Year
No . of
Publ i ¢
Repti
Numerical Analysis, Riché&dd,LCeBgrnde 2011
An I ntroduction to NumefP%dal -IWidd éay s i 1989
Numeri calAmMnAll ggsriist hmi ¢ Approachgds, 1981
Mc Gr-diwl |
4 INumeri calGaduntaslcWaiPsdr, Birkhauser. 2012
CO-PO & CO-PEO Articulation Matrix
PO1 PO2 PO3 PEO1 PEO2 PEO3 PEO4 PEO5
co1l 1 - 2 3 - - - -
CO2 1 - 1 2 - - - -
COo3 2 - 2 3 2 2 - -
Cco4 2 - 2 3 2 2 - 2
CO5 1 3 2 1 1 1 3 1

Note: Level to be filled in the above table
1: Slight (Low)

2: Moderate (Medium)

3: Substantial (high)

-: None
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Course |: THERMAL MANAGEMENT OF BUILDINGS
Cour se |: MER 3011

Credit s 3

L T P : 2-0-2

Course Obijectives:

1 To ustdemrd t he principles of energy flow d
2 To understand the ther mal performance and
3 To understand the energy conservation bui

Total Hr. of Lecturesi 28
Total Hr. of Laboratory 1 28

Lecture wise breakup No.
Lectu
1 [ NTRODUCTEO&r gy management concept 4
buil di-aogemaBi o classificationVert | Bu
Mi xBdde Buil dings and Conditioned b
climatic zones, Case studies on sel ¢
2 IVERNACULAR ARCHI TV®C maRER:l ar archit eq 6

Factors affecting aalchianectcwrnes,t r bwi
studies on vernacul ar architectur e,
energy efficient buildings, green b
Phot o®ol(tBdiPcv) , Gr eerm Bwidl cCiarsgs sitmu dli

3 |[BUI LDI NG CODES AND RATERG, SGRTHMS: H 6
properties and energy <content of b
Simulation tool -1,jk@p&mesgydipd usBuliE
andta@amation, Artificial and day 1|ig

4 |[THERMAL PERFORMANCE C8mMUBPpPES:of com 4
temperatures, THPePrDmamo deed nsf, o rTth,e r RMAM

t her mal comfort model s, case studi e;j
5 HEAT FLOW CATICONS | N BWnlskileNaGSy: hea 4
wal |l s, roof and wainrdotwesmp eCoantcuerpet aonfd

through building envelope, building
Ai-condi ti oning systems.

6 IPASSI VE HEATI NG RCaOsNsCEWwelT Sand | ow ener 4

Direct heat gai n, indirect hPeaasts | g &
concepBvsaporative cooling, Radi ati ve
for c¢odlhiandg ng, paints and cavity wa
tunnel

Experiments:

Simulation of different building designs for effective thermal management will be pert 28
usingEnergy plus, ESI, Open studio, etc.
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Sr. Course outcome Knowledge Level
No. (Blooms Level)
1 |Understand the basics of wvarious L1, L2
2 |Apply simulation programs of b u L3
i ndoor comfort.
3 |Evaluate amgwpjvu 1tgi fmepaesmres i n ex L5
4 |Categorize the energy &efficient L4
economic feasibility.
5 |Ildentify environment al a &p eecntesr g L4
from a system perspective.
6 |Pract imud atsi on of di fferent bui L5
management wusing software
Suggested Books:
Sr. Name of Book/ Authors/ Publisher Year of
No. Publicati d
1 Solar Passive Building, Scireqnale, 1986
Kumar , M. A. S. Mal i k, Pergamon P
2 Handbook on Energy Conscious Bu 2006
Energy Centr e, New Del hi
3 Model ling Methods for Energy in 20014
Bl ackwell. Publishing
Human Ther mal Envirdement 3ayKocC. 2003
Energy Efficient Buildings, M. )\ 2009
Comfort and EneiGgttUbrgi MhBmi Rdg 2007
CO-PO & CO-PEO Articulation Matrix
PO1 PO2 PO3 PEO1 PEO2 PEO3 PEO4 PEO5
CO1 1 - 1 1 - - - 1
CO2 2 - 1 1 1 1 - 2
CO3 3 - 2 3 3 3 - 3
CO4 2 - 3 2 2 2 - 2
CO5 2 - 2 2 2 2 - 3
CO6 3 - 3 3 3 3 - 2

Note: Level to be filled in the above table

1: Slight (Low)

2: Moderate Kedium)
3: Substantial (high)
- None
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Course Name PRODUCT DESIGN AND DEVELOPMENT
Course Code : MER 3012

Credits : 3

LTP : 3-0-0

Course Obijectives: At the end of the course, the student will be alile to

1 Understand the reverse engineering, regesiethodologies and theories.

2 Identify the significance of analytical and numerical technigues in product development engir|
3 Understand about the physical models and concepts of product design theory.

4 Understand the principles in producvdibpment taking care with social, environmental and eth

concerns.

Total Hr. of Lectures- 42

Lecture wise breakup No. of
Lectures
INTRODUCTION : Modern Product Development and Design Theol 4
1 Understanding the opportunity, Development and Impleatem of a concept
Reverse engineering and redesign methodologies.
PRODUCT DESIGN PROCESS Need, Identification, Kano diagram, Establish 8
2 Engineering Characteristics, Quality Function Deployment (QFD), Product D
Specification (PDS), Informain Gathering.
CONCEPT GENERATION: Creative methods for design, Functio 10
3 decomposition and synthesis, Morphological methods, Theory of Inventive Pr
solving, Axiomatic Design.
CONCEPT EVALUATION AND DECISION MAKING : Concept evaluation an 8
4 decision making: Deci sion Theory, E
decision Matrix.
5 EMBODIMENT DESIGN: Product Architecture, Configuration and Parame 6
Design Concepts, Ergonomics and Design for Environment and detailed desig
ETHIC AL ISSUE AND TEAM MANAGEMENT : Ethical issues considered duri 6
6 Engineering design process, Product liability, Tort law, functioning, discharge,
Dynamics and problem solving tools in design, Case studies.
Sr. Course outcome Knowledge Level
No. | By the end of thigourse, the student will be able to: (Blooms Level)
1 | Understanding the principle and theories of Product Desigmbamdlopment. L2
2 | Apply the concept of creative methods for generation and developme L3
product.
3 | Analyse the engieering characteristics and quality function deployment L4
gathering the information to develop new product.
4 | Design the product architecture and configuration of new product. L6
5 | Develop Ergonomics and consciousness for environmentally susta L6
manufacturing and product.
6 | Judge and evaluate the methods and decision metrics to develop the proc L5
Suggested Books:
Sr . vear of
NO‘ Name of Book/ Authors/ Publisher Publl_catlon/
) Reprint
1 Engineering Design, George E Dieter, 3rd ed., MoGHill 2001
2 Product Design Kevin N. Otto, Kristin L. Wood, Pearson Education 2004
3 Engineering Design, Gahl, W Beitz J Feldhusun, K. G. Grote, 3rd ed., Springe 2007
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2008

4 Design Engineering, W. Ernest Eder, S. Hosendl., CRC Press.
EngineeringDesign and Rapid Prototyping, Ali K. Kamrani and EmadAbouel N 2010
Springer.
CO-PO & CO-PEQ Articulation Matrix
PO1 PO2 PO3 PEO1 PEO2 PEO3 PEO4 PEO5
Cco1 1 - 1 2 1 2 - -
CO2 1 - 2 2 1 2 - -
CO3 2 - 2 2 2 2 - -
Cco4 2 - 3 3 2 3 - -
CO5 3 - 3 2 1 3 - -
CO6 2 - 3 2 1 2 - -

Note: Level to be filled in the above table
1: Slight (Low)

2: Moderate (Medium)

3: Substantial (high)

. None
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CourseName : RELIABILITY AND MAINTENANCE ENGINEERING
Course Code : MER 3013

Credits : 3

LTP : 3-0-0

CourseObjectives: To imparttheknowledge

1.
2.
3.

4.

On the role and contribution of maintenance towards achieving competitive advantage in the

industries.

About the keyconceptandissues of maintenanae both manufacturingndserviceorganization.
Aboutthevariousstrategiesphilosophy,schemeandschedule®f maintenancengineeringandit

applicationsn theindustry.

Aboutthe safety,housekeepindyreakdownavailability andreliability indicesof engineeringystem.

Total Hr. of Lecturesi 42

Lecture wise breakup

No. of
Lectures

1

INTRODUCTION: Concept, classification and types of maintenance,preventive
corrective, renovative, planned, breakdown and quality maintenance;objectives and
characteristicsof maintenancefunction, organizational setup and record keeping
Organizational hierarchy, position and responsibilities of maintenancedepartment
controlandcoordinationn maintenancehenefits and effects of maintenance.

6

MAINTENANCE PLANNING AND SPARE PARTS MANAGEMENT : Long and
short term planning and scheduling; man power planning, training and allocation,
requirement planning of raw materials and spare parts, inventory control of spar&Bar
analysis, FSN Approach, XYZ approach,VED approach Estimation of maintanance
work andmonitoring.

HOUSEKEEPING AND SAFETY IN MAINTENANCE : Factors governing
housekeepindllumination,layoutandequipmentair distribution,pollutionandventilation,
training and awareness in housekeepiBgfety: Classification and type of hazards
importantfactorsandmeasurementf hazardsminimize hazardsandcontrol of accidents
fault treeanalysis safetydevicesandcheeKist.

RELIABILITY AND AVAILABILITY OF ENGINEERING SYSTEMS: Reliability
and maintainability, failure, &htub hazard rate concefReliability structures series
parallel, combination of series and parallel, redundancy; Quantitative estimation
reliability of parts, mean time to failure (MTTF), mean time between failure (MTIBERN
time to repair (MTTR) accuracy and confidence of reliability estimation, statig
estimationof reliability indices, machinefailure pattern: breakdowntime distribution,
machinefailure patter.

MAINTENANCE OF DRIVES AND EQUIPMENTS: Mechanical drives and
e g ui p nbelts,tctiaigs, gears, couplings, brakes and their drives; pumps, comp
blowers,air-conditionersElectrical circuitsande g u i p npewetcable,line anccircuit
connection, switchboard, fuse, relays, interlocks, contactors,measuringe g ui p n
motors, generatorgssential care and maintenantabrication: manual,forced and oil
bath lubrication, testing,additivesused,rectification and re-use of lubricants;Corrosion:
factors influencing and effect of pH value on corrosion, tespngyerion, application of
inhibitorsand controtechniques;

INSPECTION, TESTING, QUALITY CONTROL AND AUDIT IN

MAINTENANCE : Inspection:objectives, interval, card history and repdrgsting:nor
destructive, destructivand semidestructive testingjiquid penetration test, magne
particle test, ultrasound test, vibration analysis, oil analysis, eddy current t€3tiaigy
Control: importance, application of statistical quality control tools and techniques
Performance and auditMaintenance performae indicesBPI, EQBI, MEI, BAI, MUI,

EURRI, BEI; function andoperationakudit, plan anggrogramme audit.
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7 |FAULT DIAGNOSIS AND CONDITION MONITORING : Objectives, methods a 5
purpose of faults diagnosis and condition monitoring,-vibration and vibrabn basec
monitoring; periodic and continuous
diagnosis and condition monitoring of bearings; computerizedtrouble shooting and
conditionMonitoring;

8 |BUDGET AND COST ESTINATION OF MAIANTENANCE : Cost estination: life 5
cycle cost, machine breakdown cost, repair cost; spare parts and labour cost; ir
maintenanceost,IncentivePaymentobjectivesfinancial,nonfinancialandsemifinancial
incentive of maintenance staffdifferent types ofincentive plans for maintenancstaff;
Budget:objectivesandfunctionsof budgetin maintenance.

Sr. Course outcome Knowledge Level
No. (Blooms Level)
CO1 | Understand the philosophies of maintenance of plant, machineries L2
equi pment 6s.
CO2 | Plan and applyhe concept of maintenance on repair and renovation of mag L3
pl ant and equi pment s
CO3 | Analyse the hazards, fault and control of failure using theories, housekee L4
and safety in maintenance
CO4 | Ability to conduct inspection and testson mackis and equi p L4
their condition and availability.
COS5 | Estimation of reliability of part, system, machine and equipment using diff L5
theories of maintenance
CO6 | Adapt computerized trouble shooting in maintenance L6
SuggestedBooks:
Sg. Name of Book/ Authors/ Publisher Public\z;'ﬁc?;/clgeprint
1 | A textBook of Reliability andMaintenanceEngineering AlakeshManna,l. K. 2020
InternationalPublishingHousePvt. Ltd, New Delhi.
2 | PreventiveMaintenanceTerry Weriman,Regon PublishingCompany. 1984
3 | Principleof plannedmaintenanceClifton R. H, McGrawHill. 1983
4 | MaintenancélanningandControl, EnthoryKelly, EWP,New Delhi. 1984
CO-PO & CO-PEOQ Articulation Matrix
PO1 PO2 PO3 PEO1 PEO2 PEO3 PEO4 PEO5
Cco1 3 1 2 2 3 2 3 2
CcO2 3 3 1 2 2 2 2 -
CO3 3 2 2 3 3 2 2 3
Cco4 2 2 2 2 1 1 2 2
CO5 2 2 3 3 2 2 3 1
CO6 3 1 1 2 1 - 1 2

Note: Level to be filled in the above table
1: Slight (Low)

2: Moderate (Medium)

3: Substantial (high)

. None
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CourseName ) OPERATIO N RESEARCH AND SIMULATION TECHNIQUES

Course Code : MER 3014

Credits : 3
LTP :

3-0-0

CourseObjectives: To impartthe knowledgeof

1.
2.
3.

4.

Optimization using calculus and dynamic programming.
Linearprogrammingtransportatiormndassignmenproblems.

Evolutionary algorithmgor optimizationandsearch, Taguch{zrey-relationalanalysis Response

surfacenethodologyGeneticalgorithm basedptimizationand simulations.
Learn to apply various simulation techniques on real life problems.

Total Hr. of Lecturesi 42

Lecture wise breakup

No. of
Lectures

1

INTRODUCTION AND BASIC CONCEPTS: HistoricalDevelopmentArt of Modeling
and simulation, Objective function, Formulation of design problemsas mathematica
programmingproblems,Classicaland advancedechniquesBasicsof operationgsesearch
OR modelsandapplications.

7

OPTIMIZATION USING CALCULUS: Stationary points, Functions of single and

variables, GlobalOptimum,Convexityandconcavityof functionsof oneandtwo variables
Optimization of function of one variable and multiple variables, Gradient vectorg
Lagrangian function, Hessian matrix formulation, Eigen values, Kiulaker Conditions
Optimization problems.

LINEAR PROGRAMMING: Standard and Canonical form of linear programm
Assumptionsin LP Models, Elementary operations, problem formulation, Graphical
method, Simplex method, Big method, Two-phase method, Revised simplex mett
Duality in LP, Dual Simplex method, Sensitivity or post optimality analysis, Other
algorithms for solving LP problems,K a r ma r pkogective scaling method,Use of
softwarefor solvinglinearoptimization problems.

TRANSPORTATION AND ASSIGNMENT PROBLE MS: North west corner ruld.east
cost method, Vogel 6s met hod, ASsigrenenprobte
formulation Optimal solution, Hungarianalgorithm, Variants of assignment problem
Travellingsalesmamroblem.

DYNAMIC PROGRAMMING : Representation of multistage decision process, Tgp
multistage decision problems, Concept of -spltimization and optimality, Recursi
equations, Forward and backward recursions, Computational procedurein dynamic
programmingDiscreteversuscontiruousdynamicprogrammingMultiple statevariables
curse of dimensionalityProblem formulation and application of dynarpiogramming ir
designof continuousbeam andptimal geometric layoubf a truss,waterallocationasa
sequentiaprocessCapacityexpansiorandReservoiroperation.

ADVANCED TECHNIQUES IN OPTIMIZATION & SIMULATION: Conceptand
object of simulation, Multi objective optimization, Direct and indirect search met
Taguchi,Grey-relationalanalysisResponssurfacemethodologyGeneticalgorithmbased
optimization, applications in engineering problems, Algorithms and software for
simulations.

Sr.
No

(Blooms

Course outcome Knowledge Level

Level)

COo1

Understanding the basic concept of optimization, modelling and simulat L2

6{0)

Apply scientific methods and mathematical techniques to solve va L3
engineering problems.
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CO3 | Analysis of the various optimization techniques for engineering problem L4
CO4 | Recommend the various software tools for modelling andlatioans of real L5
time industrial problems.
CO5 | Development and formulation of new models for better decision making L6
organization.
SuggestedBooks:
Sr. | Nameof Book/ Authors/ Publisher Year of
No. Publication/
Reprint
1 EngineeringOptimization: TheoryandPractice,S.S.Rao,New Age InternationalPvt. 2000
Ltd., New Delhi.
2 | LinearprogrammingG. Hadley,NarosaPublishingHouse New Delhi. 1990
3| OperationResearchAn Introduction,H.A. Taha,5" ed.,Macmillan,New York. 1992
4 Optimizationfor EngineeringDesignAlgorithms andExamplesK. Deb, PrenticeHall 1993
of India Pvt. Ltd., New Delhi.
5 Multi-criterion Analysis in Engineeringand Management, K. Srinivasa Raju, D. 2010
NageshKumar, PHI LearningPvt. Ltd., New Delhi.
CO-PO & CO-PEQ Articulation Matrix
PO1 PO2 PO3 PEO1 PEO2 PEO3 PEO4 PEO5
co1 3 2 3 2 3 2 3 2
CO2 3 3 1 2 2 2 2 1
COo3 2 3 3 - 2 3
Cco4 2 3 2 - 1 - 2 2
CO5 2 2 3 3 2 2 3 1

Note: Level to be filled in the above table

1: Slight (Low)

2: Moderate (Medim)
3: Substantial (high)

. None
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CourseName | : TOTAL QUALITY MANAGEMENT
Course Code | : MER 3015
Credits : 3
LTP : 3-0-0
CourseObjectives: To impartsthe knowledgeof
1 Basicconceptsn Quality, Quality planning& ControlandProcessapabilities.
2 StatisticalProces€Controlanduseof Quality Controlchartsin manufacturingandservicesectors.
3 Total Quality ManagementonceptaindQuality Standard1SO) systems.
4 Reliability andSix Sigmaandapplicationgn industries.
Total Hr. of Lecturesi 42
Lecture wise breakup No. of
Lectures
1 |INTRODUCTION: Introductionto quality (Servicesand manufacturing)Quality planning 6

andcontrol, Quality cost,Economicsof quality control, Phase®f quality evolution

2

PROCESSCAPABILITY & MEASUREMENTS: Specification,tolerancesand process 6
capability studies,precisionreproducibility and accuracyof methodmeasuremenflaguchi
method.

STATISTICAL QUALITY CONTROL: Inspectionandquality control, statisticalquality 6
control, statistical processcontrd, sampling plans and control charts for variablesand
attributeseconomics of samplingharts.

QUALITY CONCEPTS: Quality AssuranceTotal QualityControl, Total quality concept 5
De mi rn4poirds.

TOTAL QUALITY MANAGEMENT : Conceptguality planningandimprovementguality 5
teamand circlesjustin time (JIT).

QUALITY STANDARDS: Definition, applications, implementation, proceduasad 6
requirement®f Quality, ISO 9001,1SO 9002,I1SO 9003,I1SO 9004,ISO 14000,ISO 27000,
ISO 31000, Quality standards.

QUALITY & RELIABILITY: Productquality andreliability, failure dataanalysisandlife 4
testing,redundancyn design.

8 |SIX SIGMA: Concept,definition, procedureand applications,TQM andsix sigma,Indian 4
industriescertification,processcapabilitiesandcasestudies.
Sr. | Course outcome Knowledge Level
No. (Blooms Level)
CO1 | Understand the concepts of concepts of Quality & Quality standar L2
industries.
CO2 | Remember the capabilities of various processes in industries arides L1
sectors.
CO3 | Apply the concepts of sampling plans and control charts for prq L3
improvement in various organizations.
CO4 | Apply the concepts of TQM, Quality Assurance andidlihdustries. L3
CO5 | Analyze the ISO Quality standards; usedanious organizations. L4
CO6 | Estimate the reliability of various systems and Apply the Six Sigma conce L5
industries and service sectors.
SuggestedBooks:
Sr.No. | Nameof Book/ Authors/ Publisher Year of
Publication/Reprint
1 StatisticalQuality Control,E. L. Grant,6" ed.,McGraw-Hill 2017
2 StatisticalQuality Control,M. Mahajan,Dhanpat Ra& Co. (P) 2016
Limited
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3 StatisticalQuality Control,J.M. Juran 5" ed.,McGraw-Hill 1990

4 Quiality Control, Hansem& Ghare, PHI 2005

5 Statistcal Quality Control,R.C.Gupta,9" ed.,KhannaPublishers 2016

CO-PO & CO-PEOQ Articulation Matrix
PO1 PO2 PO3 PEO1 PEO2 PEO3 PEO4 PEO5

co1 3 2 3 2 3 1 3 2
CO2 3 3 1 2 2 1 2 1
CO3 3 2 3 - - - 1 3
CO4 3 2 3 2 1 - 2 -
CO5 2 3 3 3 2 2 1 1
CO6 3 3 2 2 1 1 2 2

Note: Level to be filled in the above table

1: Slight (Low)
2: Moderate (Medium)
3: Substantial (high)

. None
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CourseName : OPTIMIZATION TECHNIQUES IN ENGINEERING
Course Code : MER 3016

Credits : 3

LTP : 3-0-0

CourseObjectives: In thiscoursethestudent will beableto

1

Understanekngineeringninima/maximaproblemsnto optimizationframework.

Learncomputationaprocedures$o solveoptimizationproblems.

Learnsoftwaretool(s)to implementimportantoptimizationmethods.

2
3
4

Learn to use nottraditional optimization techniques on engineering processes.

Total Hr. of Lecturesi 42

Lecture wise breakup

No. of

Lectures

INTRODUCTION: Introductionto Optimization, Adequateand Optimum Design
Principlesof Optimization, Statementof an Optimization Problem, Classificatior]
Formulationof ObjectiveFunction, DesigrConstraints.

4

ONE-DIMENSIONAL UNCONSTRAINED OPTIMIZATION METHODS:

Optimality Criteria- necessarandsufficientconditions BracketingmethodsRegion
elimination methods,Point estimationmethod, Gradientbasedmethods,Sensitivity
analysisintroductionto MATLAB tool andits applicatiorto these methods.

MULTI -DIMENSIONAL UNCONSTRAINED OPTIMIZATION METHODS:
Optimality Criteria, Unidirectional search,Direct search methods, Gradientbase
methods. Conjugatdirection methods, Quablewton methods. MATLAB
application.

CONSTRAINED OPTIMIZATION METHODS: Constrained Optimizatic
Criteria, Penalty Methods, Method of Multipliers, Direct search methods, Lintan
methodsFeasibleDirectionmethod,GeneralizedReducedsradientMethod.

NON-TRADITIONAL OPTIMIZATION TECHNIQUES: Traditional vs nor
traditional optimization,needfor nontraditionaloptimizationtechniquesevolution of
nontraditional optimizaibn technique@ engineering.

GENETIC AND ANN TECHNIQUES: GeneticAlgorithms, SimulatedAnnealing
Particle SwarmOptimization, Fuzzylogics, Artificial Neural Network (ANN) base

Optimization.MATLAB application.

12

Course outcome Knowledge Level
(Blooms Level)
1. Understand the fundamentals of Linear and Dynamic Programming problem L2
2. Apply classical optimization techniques and numerical methods of optimizat L3
solve problems.
3. Analyze and make inferences of different evolutionary algosthm L4
4. Explain and identify the importance of Integer programming technique and L5
different technigues to solve engineering problems
5. Adapt software as a tool(s) to implement optimization algorithms. L6
Suggestedooks:

Sr . vear of
NO‘ Name of Book/ Auth ors/ Publisher Publlca_tlon/
' Reprint
1 Optimizationfor EngineeringDesign: Algorithms and Examples,Kalyanmoy Deb 2005

PHI, New Delhi.
5 GeneticAlgorithmsin Search Optimizationand MachineLearning,Goldberg,D.E. 1989
AddisionWesley.
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Multi-objective Optimization using Evolutionary Algorithms, Deb, K., JohnWiley, 2009

andSons.

EngineeringDptimizationTheoryandPractice, S. SRao,JohnWiley andSons. 2009
5 ModernHeuristicOptimizationTechniquesTheoryandApplications,KwangY. Lee 2008

MohamedA. El-SharkawiKluwer.

CO-PO & CO-PEQ Articulation Matrix
PO1 PO2 PO3 PEO1 PEO2 PEO3 PEO4 PEO5

Cco1 2 2 2 1 3 3 3 2
CO2 3 3 2 2 1 2 2 2
CO3 3 3 2 3 3 3 1 3
Cco4 1 3 3 3 3 3 2 3
CO5 2 3 3 3 - 3 3 3

Note: Level to be filled in he above table
1: Slight (Low)

2: Moderate (Medium)

3: Substantial (high)

: None
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