Under the Aegis ¢

Ac s%R Academy of Scientific & Innovative Research

Set up by an Act of Parliament, An Institute of National Importance




CSIR - Central Mechanical Engineering Research Institute

The CSIRCentral Mechanical Engineering Research IGSIREMERI) ishe only national
laboratory dedicatedMechanicaEngineeringAs a constituent member under the Council of
Scienfic & Industrial Research, the ambit of the Central Mechanical Engineering Research Insti
(CMERH a premier establishment dedicated to research and devekb@nusndbver mechanical

and allied engineering fields.

In India, mechanical engmgdagchnology has accounted for nearly half of the total technology
imported. In terms of products, nearly one third of the value of total imports is for mechan
engineering equipment. In order to develop indigenously mechanical engineemnghechnology f
industries so that R&D can play a key roleelaisedf, the Central Mechanical Engineering
Research Institute at Durgapur, West Bengal was established in February 1958 witlothe specific te
development of mechanical engineering technology.

Besides conducting frontline research in the varied areas related to mechanical engineering,
Institute dedicates it R&D efforts towards different mission mode programmes to dissemin
appropriate technological solutions for poverty alleviatietabmopsovement.

CSIR CMERI has a dedicated team well balanced in terms of youth and experience of highly quali
professionals and supporting staff spanning the various disciplines under mechanical engineering.

Major Research Areas

The majaesearch areas are represented in the following schematic

In the new millennium, &NFERI is poised to expand its horizon of research activities so as to steer the
country forward in the following -@ttjiegnd sunrise fields.
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Advanced Design,aiufacturing, Immersive Visualization

Design, manufacturing and product developmerCMEESIR suitably aided by a comprehensive
CADCAM environment supporting collaborative design through analysis of mechanisms, toleranc
interferences of destgdaparts, etc. Current R&D in material processing is focused on developmen
of rheo dieasting system by integratingssdichislurry processing unit. Immersive Visualization
affords rapid development of system concepts and analyzing for iorm)ddistios; human

factors integration, and general feasibility analysis. Expertise in visualization is thgmented with
induction of stadétheart facilities in Virtual Prototyping and Virtual Reality.

Micro Systems Technology, Surface Engimgeé&r Tribologgnd Measurements

Micro Systems Technology is associated with the technology of very small parts, agtdators, device:
MEMS. Development of microfluidic chips affording precise control of very small gt@ntities of liqu
analyzing gemxpression and mutation identification in cells is being targeted. Research in Surfac
Engineering & Tribology has culminated in the development efgufBiéCaxi8 micro milling
machine for efficient, cost effective and high resolution rmillimy.aAdstatétheart high

precision measurement Lab with NABL Accreditation for myriad gauges and instruments for qu
control and assurance in product development has also been established in the area of measure
technologies.

Robotics Mehatronicsand Automation

CSIRCMERI is undertaking extensive research in the design and development of Autonoma
Underwater & terrestrial Vehicles, All Terrain Robots, Subterranean Robots, etc. R&D issues ¢
mechanical design, attitude contretoma@mntional propulsion and manoeuwrinfimoy),

actuator development, parallel/distributed computing, navigation and guidance, Collision avoida
communication protocols, sensor fusion, etc.

Renewable energy, Fluids & Thermal systems

Active reseeh is carried out on fluid flow, heat transfer, combustion, gasification, fluidizatior
renewable energy, waste management, drying, etc. Additionally, research is carded out on Sc
powered adsorptimsed spasmoling system, CFD simulation séfled hydrodynamics. Flow
hydrodynamics is also being addressed through wind tunnel experimentation.

Cybernetics, Electronics & Embedded Systems, Drives & Control
Separate R&D groups dedicated to Cybernetics, Electronics & Embedded Systeéfns and Drive
Control are working on electronics and embedded systems based product development. The desi

electrical drive and control systems, electrical machines and power electronics pnoducts for diffe
R&D and industrial requirements are being carried out.
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[ Post Graduate Diploma Programme }

Duration of the course: One year (Two Semest

Admission Proce:

Seekction of the students in Post Graduate Dapicseavill be done through written test / interview
at CSIFCMERI, Durgapur

No. of Seats: . for each programr
(Reservation as per Gguidelines)

Evaluation Procedt. As per AcSIR guidelir

Proposed Course F

1. Admission 1 Rs. 4,00-

2. Tuition fee per sem for Regular candic Rs. 5,000
3. Tuition feper semesifor Sponsored candi Rs. 5,000
4. Security Deposit (refunc Rs. 10,00

Hostel Fe

1. Accommodaicharge including electricity & | As per Institute Guide
2. Food charg Atactue
3. Deposit (Refunde Rs. .,00C-
Proposed timelir
1808.2017 Commencement of Academic Session
14082017 Fo-1882017(16.0820L7T0o17.08017) | Enrolment
28072017(01.02017) Declaration of Results (on web)

1072017 Fo-1972017(25.020L7T026.0720L7) | Aptitude Test/ Interview

29062017 Fo-3062017100720L7T0110720L7) | Intimation of Shortlisted Candidate

[72)

23062017 (3006.20L7) Application Ging Date

26052017 Date of Advertisement
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Post Graduate Diploma

Advanced Manufacturing Technol@@DAMT

At the heart of any manufacturing sgssanhof procesststconverts raw materials into the
desirable configurationtribute significantly to the sustainabditgnafl @conomy. Treposed
courseemphasizesn practicadainingn combination with necessary theoretical@spdetince
manufacturing aseaThis course is designed in dontne personnel who would like to take up
careers in manufactumuystries and for practicing engiteges,acquainted wigkchnological
chdlengesind opportunities that hveirgessesdignificant growththe lagidecades.

All the major economies in the world recorded growth due to the contribsties fitoath Wwete
innovative in product design and efficient manufacturing. The key to knowledge deployment |
growing economy requires acquaintance of sitldémésfundamentaladfance manufacturing

through pedagogy on current theoreticahcindlplevelopmentie manufacturing course will

give a detailed undardtag oradvancednanufacturing by covering topics suuohltgsale

(macro to swulmicron size) metal removal process, CAD & CAM, near net shape manufacturin
processes, Additimanufacturing and precision measurement and quality assurance. This practic:
intensive course backed by theoretical lecture, aimed sggpificaotyy national skill development
initiatives for sustainable empowerment

The programme traversesia r@inge of applicationsititdddesnanufacturing methods, computer
integration and process & device control, with specific emphasis on innovatiVéieogaeering.
year post graduate progranuldprovidean exposure to thmanufacturingonceptsscientific
principles, methodolbgyprovidingn opportunity for the students to directly assocestifeith
R&D projects gairhandson experience

Eligibility:BE/BTedAMIE in Mechanical/Manufacturing/Production Engineering or equivalent
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4 )
Post Graduate Diploma in

Advanced Manufacturing Technolf@@DAMT)

\_ /

SEMESTER |
Course Code Course Title Credit
Lecture | Tutorial |Practical Points
1 | ENGCMERI-2120| Theory of Manufacturing 1 0 4 3
Processes & Systems
2 | ENGCMER1-2121 | Nearnetshape Manufacturing 1 0 4 3
3 | ENGCMERL-2122 | Precision Measurement & Qua 1 0 4 3
Assurance
4 | ENGCMERI-2123| CAD/CAM 1 0 4 3
5 | ENGCMERIL-2124 | Additive and Micro Manufacturi 1 0 4 3
6 | ENGCMERL-2149| Seminar 0 1 0 1
Semester Credit Poin| 16

SEMESTER I
Course Code Course Title Credit
Lecture | Tutorial |Practical Points
1 | ENGCMERI-2125 | Prototype Assembly & 0 2 12 8
Maintenance
2 | ENGCMERIL-2150| Project Work and Vivace 0 2 16 10

Senester Credit Poinff 18

Total Credit Poinff 34
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Post Graduate Diploma

Robotics (PGDR)

The program on Post Graduate Diploma in Robotics (PGDR) will primarily act as a skill builc
program under Skill India program for graduate engineers, focusing on laying strong foundatio
groomthem technically suitable in the field of robotics, as there is an increasing demand for rol
assists to robot interventions in industrial workplace. In past three dedBEE, [@SIBUIlt its
brand value as one of the pioneers in India in dthedimitcs starting from development of
manipulators in early years to present day research on all terrain mobile robots ineluding serpel
robots, subterranean robots, underwater robots and aerial robots. With the advances in robotics
micro robdechnology and embedded system technology are also gaining prominence in industr
applications. This knowledge, insight and
capability building over these years will be
handed down tthe next generation
through this program by experienced
faculty using stateofart resource
facilities.The program on PGDR will
create a pool of technically trained
engineers readily available for indhystry
providing practical training on various
modern robot technology so that trained
manpower can figgied in a widenge of
industries including automobile, mining,
manufacturing, automation, eleatnital
electronics industries.

This one year Post Graduate Diploma in
Robotics course is suitable for engineers who havgraecendlgt as well as those with experience
who are seeking to extend their knowledge, or upga#difibaiions with a view to promotion or
other new position in field of robotics. The progranforelaffenstal knowledge on a wide range
of applications that comprise product design nmsttnodgentation & control techniques and
computer integration so that modem robotic systdmiltdorbdadustry as well as for contributing
towards Digital India, Maledia and Skill India progr&nglents undergoing this course are
expected temerge properly equipped to confront chalenogesthe industrial environment
spectrum.

At the end of the course, the engineers are equipped with set of skills and knowledgal to apply tect
fundamentals for development of robots to addre$shecedsistries and society.

Eligibility:EligibilityBE/BTech in Engineering (Mechanical, Electronics/ Etenpidal Science
orequivalepiith minimum of 60% mésks CGPALandidates with GATE soeqeferable.
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Post Graduate Diplonma
Robotic§yPGDR)

SEMESTER |

Course Code Course Title Hours/Week Credit

. ) Poin
Lecture | Tutorial |Practical oints

1 | ENGCMERI-21% | Fundamentals of Computer 1 1 2 3
Programming & Robot
Programming

2 | ENGCMERI-2127 | Introduction to CAD;3 1 1 2 3
Mocklling and Robot Mechanics

3 | ENGCMERI-2128 | Embedded system and digital 1 1 2 3
Signal processing (DSP)

4 | ENGCMERI-2129 | Sensors and Actuators 1 1 2 3

5 | ENGCMERI-2130| Mabile robotic systems and 1 1 2 3

Industrial robots

6 | ENGCMERL-21® | Seminar 0 1 0 1

Semester Credit Poinf 16

SEMESTER I
Course Code Course Title Credit
Lecture | Tutorial |Practical Points
1 | ENGCMERI-2131 | Robot Control 1 1 2 3
2 | ENGCMERI-2132 | Robotic Case Studies 0 1 8 5
3 | ENGCMERIL-2150| Project Work and Vivace 0 2 16 10

Semester Credit Poinf 18

Total Credit Poinff 34
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Post Graduate Diploma

Industrial Maintenance Engineg(RGDIME

Industrial Maintenance Engineering(IME)s the discipline and profession of
applyingngineeringoncepts to the optimization of equipneatups, and departmental budgets
to achievbettemaintainabilitgliability, and availability of equipvigmthe increasing awareness
that maintenance ensures safe and sustainable performance and creates added value in the busi
process, indugts have started considering maintenance as an integral part of the business proce:
while applying a holistic view of the asset engineering and mdaagenarde is to ensure a
unit is fit for purpose, with maximum availability at minirdare, castéenance strategeay
pivotalrole for smoothly running the complex industrial maclanertes range of industries
including power, steel, automatireng and chemigatlustriesThe properplanning and
implementation of maintenarategigdielp tarim down expensive breakdowns which may interrupt
productionf industrie$his One Year Post Graduate Diplamdastrialaintenance Engineering
course isuitabldéortheengineers who have recently graduated as well as thpseemite gho
are seeking to extend their knowledge, or update their qualifications with a view thgpromotion or ¢
new position.
Ths PGDIMEntends to acquaamgineersvith
the fundamentals dfdustrial Maintenance
through pedagogy on current eticadr and
practical developments in this area. The
programme traverses a wide range of
applications that compriseredictive
maintenance, condition monitoring, bearing and
lubrication design, corrosion protection, materials,
control and sensors, NDT assast
instrumentation, vibration and reliability,
managementith specific emphasis©ands on
trainingTheoneyear researgfogramme aims
to provide -thepth exposure to the engineering
concepts, scientific principleglementation
methodology anttandson experience on
complexeallife problems that CSTIMERI will
be undertakimg different specializations related
tolndustrial Maintenance Engineering.

At the end of the course, engineers are expected to be equipped withnsekrudls#dito

apply technical fundamemflisdustrial Maintenateexddress needs of itidustries in order to
ensurehigh system dependability and efficient and effective maintenance processes for both new .
existing systems

Eligibility: BE/B.Tech/AMin MechanicélProduction / Industrial / Instrumerfiagatrical /
Chemical / ElectronibtaterialsMetallurgic&ingineeringr equivaleri¥l.Sc. in Physics /Chemistry
/ Materials Science
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Post Graduate Diploma in

Industrial Maintenance Enggning(PGDIME)

)

SEMESTER |
Course Code Course Title
Lecture | Tutorial |Practical

1 | ENGCMERI-2133 | Introduction to Vibration and 1 0 2 2
Reliability

2 | ENGCMERL-2134 | Bearings and Machinery 2 0 2 3
Lubrication

3 | ENGCMERIL-2135 | Diagnostic Maintenance and 2 0 4 4
Condition Monitoring

4 | ENGCMERI-2136 | Damage Assessment 2 0 2 3

5 | ENGCMERI-2137 | Instrumentation and Control 1 1 0 2

6 | ENGCMERIL-2138 | Materials Characterization 1 0 2 2

7 | ENGCMERL-2149 | Semnar 0 1 0 1

Semester Credit Poinl 17

Course Code

SEMESTER Il

Hours/Week

Course Title

Credit

Points

Lecture | Tutorial |Practical

1 | ENGCMERI-2139 | Corrosion and Corrosion 1 0 2 2
Protection
2 | ENGCMERI-2140 | Maintenance Management 1 1 0 2
3 | ENGCMERI-2141 | Practical Training 0 0 6 3
4 | ENGCMERI-2150 | Project Work and Vivace 0 2 16 10
Semester Credit Poin| 17
Total Credit Poinff 34
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COURSE DET#

* The course structure, syllabus and credit points of few coumgebangesubjectto the approval AcSIR.

ENGCMEF-1-212( THEORY OF MANUFACTURING PROCESS

SYSTEMS

L-T-P-C : -0-4-3

Introduction: Overview of Machining Technology, Theory of Chip Formation in Metal Ntaulk
and materials.

Conventional ManufactuPiragesses: Different types of material removal processes, Joinin
processes, Machine tools & their structure.

NonrConventional Manufacturing: Electrical Discharge Machining, Electro Chemical M
Assisted Machining, Forming aimg)join

Integrated Manufacturing Systems: Material Handling, Fundamentals of Production Lines
Cellular Manufacturing, Flexible Manufacturing Systems and Cells, Computer Integrated M3
Production Planning and Control: Procesyypa®cheduling, Inventory Control, Material and
Requirements Planning;ld¢EMme and Lean Production.

Experimentation and hamdgor understanding the machines and manufacturing processe
practical study will be carried out.

j & Forming
achining, Lasel
Assembly Line
nufacturing.

Capacity

S, extensive

ENGCMEF-1-212: NEAR NET SHAPED MANUFACTURING PRC L-T-P-C :1-04-3

Metal Casting: Casting processes, Methoding, Casting defect and salvaging and Solidific
composite

Metal powder processes: Fundamentals of Powder Metallmjggtidverablding, Powder forgin
Sintering

Heat treatment: Austempering, Solutionising and ageing, material testing

j and

Extensive experiments with related processes covered in theoretical classes for bettiraunglerstanding

practical training

ENGCMEF-1-212: PRECISION MEASUREMENT AND Ql

ASSURANCE

L-T-PC :1-043

Basics of measurement & Important terms: standards, scales, error, precision, accurad
calibration, measuring instruments and their uses, effects of envieasunement.

Coordinate measuring machine (CMM): Its major types and elements, coordinate systersg
and softwares, prismatic component inspection and reverse engineering, causes of faCiid
and its evaluation.

Laser intéerometry: Principle in measurement, elements of laser interferometer, measurer
straightness, squareness, flathess and angular, performance evaluation CNC machine leyt
system and auto error compensation.

Surface textureurface texture measurement and its importance, instruments used for s
measurement, filtering, surface texture parameters, surface data analysis.

Machine vision: Machine vision system, principle of working, fields of machine \ayistaly
image processing techniques, binary imaging, mathematical morphology for shape analyrgis
Quality Assurance: Measurement system analysis, quality assurance through gage R &
capability indices, one sided and twiospilgfications, statistical control of processes, contrsl

, process, prob
tric errors o

hent of position,
Aser measurem

Lrface texture

stem, gr
photogramme
R study, proces
charts
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bar, s and p, uncertainty of meast.
Handson on study and use of standards and instruments. Extensive practical trainin
measurement techniques covered in thexteisiealfor better understanding.

g with related

ENGCMEF-1-212: COMPUTER AIDED DESIGN AND MANUFA( L-T-P-C :1-04-3

Introduction to CAD/CAM: Definition, Historical development of CAD/CAM, Evolution ob!
different CAD platforms, Exposurétendiformats of data exchange in CAD, Integration of
manufacturingivantages of CAD/CAM.

Concept of machine centers: Principles of Numerical Control, Types and classificationTob(S]]
Features of CNC Systems, Direct numetich(DOIC), Elements of CNC viz. ball screws, roll
ways, structure, machining centers and interpolators, drives and controls, standardrai
resolution, spatial resolution, accuracy, repeatability, compliance.

CNC programming: Nraehcoordinate systems, Planning for NC operations, Work holdi
operations, APT, Manual ISO Part Programming, Subroutines, Compensation and Offset

Part modeling in CAD/CAM softwarptoBessing of a part model for CNC mactoningath

generation drsimulation for CNC machining.
Economics and Maintenance: Factors influencing selection of CNC Machines, Cost

commissioning of CNC Machines, Maintenance features sadviietemiince of CNC Machines{

Flexible &hufacturing Systems : Concept of Manufacturing Cell, Single Machine Cell, Flexib
Cell, Pallet Changers, Automatic Tool Changers, Part Buffers, Flexible Manufacturing,

CAD with

NC Machine

ng guide
ntrollers, con
ng for CNC

S5, Canned Cycl

of operation &

e Manufacturing
Systems (FMS

Typical FMS layouts, Advantages and disadvantage€arideldiSof Additive Neaturing and Rapid

Prototyping.

Hand=on on study and extensive practical training on 3D modelling, selection of machinih
path generation, machining simulation, data transfer techniques includingchatoyagiopeotio
in vertical machining center and CNC lathe covered in theoretical classes for better underst

) strategies, too
ns
hnding

ENGCMEF-1-212. ADDITIVE AND MICRO MANUFACT L-T-P-C :1-04-3

Modulel: Additive Manufactt

Introduction: Prototypingitikddand subtractive manufacturing, (layered manufactdrprgiofppi
and Tooling.

CAD Data: CAD data preparation, slicing methods, stair steta ¢ffettter and programming.
Reverse engineering: Digitinth@@ construction methods.

Adlitive Manufacturing Processes: Principles of layered manufacturing, Laser fundame
(Stereo lithography, daledaser sintering, DMD, FDM)

Moduldl: Micro Machining

MicreNano Scale Manufacturing: Introduction, Micro MachiniBE® hilasgr micro machining),
Injection molding, Nanratching, Micro patterning, Design of Micro machines, precision drive
Error budgety and Micro Factory concepts.

MicreNano metrology: Precision Metrology: definitiamerfasemeter; AFM; SEM; TEM.

Q

htals, Processe

Micro
5 and controls,

Hand=on on study and 3D CAD modelling, slicing data preparation and optimization of metal deposition

process parameters through practical study.
Hands on study and practical training on micro milEQMni@oescrathing for better understan

ding

on material removal mechanisms, accuracy prediction etc. based on advanced micro mefrology techniqu

using optical microscope, SEM and AFM instruments.
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ENGCMEF-1-212! PROTOTYPE ASSEMBLY & MAINTE] L-T-P-C: 0-2-128

Practical training on I-fits and tolerances for better understanding on assembly requirel
mating parts including hands on study on measuremes®r abddgeting of assem
machines/systems

Hand onstudy on manufacturing of criticatiatare components having “mécr@ scal
geometries.Assembly, Inspection Testing & performance evaluation of minoudiagdyistesn
engineering

Practical trainingmmoductprocess design starting from CAD data preparation, slicirggriechiagh

& layered deposition efats to build components byrbop approach manufacturing.

Workshop practices including CAD design, process planning, scheduling, manufacturiniy&
components.

Practical training 8@ modeling, setion of machining strategy, tool path generation, data tn
operation of CNC machine for manufacturing of critical components

Casting simulatjgrainingpnsand mould preparation, metal casting and finishing of live.compo
Hands orstudyon range oheat treatmeptocesses includisgjutioniging and austempering o
components

Hands orstudy and extensive practieaing powder metallurgy and powder injection mo
manufacturing of small and complex conmgruhastenhpplastic parts.

pbled

\1%

inspection of
ansfer and

hents
f cast

ulding for

ENCGCMEF-1-212( FUNDAMENTALS OF COMPUTER PROGRAN L-T-P-C : -1-2-3
ROBOT PROGRAMMING

Modul-l: Fundamentals of Computer Progr.

C Language : Introduction, Operatoditi@ml statements and loops, Aftmydiondibrary function|
user defined function, passing arguments to a function, call by reference, call byfuattiensgq
Structures and UnioRsintersC++ : C++ Overview, Class€s) Overloadingpérator overload
Sfunction overloadjnigheritance (overview of inheritance ,defining base and derived classg
and destructor callyYML

Moduldl: Robot Programming

Visual C++ and its utility in roddti¢ckeb: Matrix operations and functions in MATLAB ,MAT|
andfunctions (files) Simple sequential algorithms , Reading and writing data, file handling
functions , Toolbox structure , Random number generation, Interactbesdi@merl:Built in
functions and user defined functions, SedrByttion : Basics of Python, Operators and Expl
Control flow, Functions, Modules, Problem Solving in python, Input and outputs in python.
Tutorial and Practica

Handson experience with practical and applications of programming methods

S,

ursive

ng

s ,constructor

| AB scripts
, Personalized

essions,

ENGCMEF-1-212° INTRODUCTION TO CD MODELLING AND RO! | L-T-P-C : -1-2-3
MECHANICS

Modul-l : Introduction to CA-D Modellii

Definition, Historical development of CAD, Evolution of CAD, exposure to different CA&hgdlatforms, pa

assembly-Bodelingn different CAD platforms, exposure to different formats of data exch
generation of 2D drawings from part model, integration of CAD with other platformdatiahits
Moduldl : Robot Mechanics

Robotics: StatdétheArt;types of robots Geometry and structures; Serial Link Robots; Cor

hnge in CAD,
implemen

ventions;
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Kinematic— Position. Orientation, Rotation Matrix, Euler angles, Linear and Angular velocitie

position and velocity transformations, Jacobians; kinemitis; céiwsinard and Inverse Kinenpatics;

Statics-Task space and joint space forces/torquesgeleeityeduality; Stiffness analysis; Robot D
—Principles of rigid body dynamics, notion of Inertia tensor; Robot dynamiésraigat itndsense
dynamics; Tendon driven system

Tutorial and Practical

Handson training, CAD packages (Auto CAD, Soild Works, Inventor, Idea, Catia, ADAMS).
Robot kinematics, task planning and programming; Force sensing and decompositieffetoir
stiffness and deflection; handendon driven system.

ynamics

t and end

ENGCMEF-1-212¢ EMBEDDED SYSTEM AND DIGITAL £

PROCESSING (DSP)

L-T-P-C : 1-1-2-3

Modul-l : Embedded Syst

Digital Electronics Fundamentals, Microcontroller, Basics of stdieseadiyianguage program
Embedded C programming, Algorithm develmpdneétstapplication specific system design
microcontroller and simulation.

Moduldl : Digital Signal Processing (DSP)

Elements of Analog and Digital Signal ProcdssinggAs of Digital over Analog, Sampling T
Discrete Time Signals & Syste@lsssification, Analysis of LT Systems, of LTI system Re
Arbitrary Inputs,CausaitgbilityCorrelation, Convolution

Analysis in-d@omain Fourier Analysis Continuous & Discfétime Fourier Series, Power Djq
Spectrum, Fourier Transform, Freduemeyn Characteristics of LTI Systems, DFT & PFast
Fourier Transforms (FBgital Filter Desaymd applications.

Tutorial and Practical

Under&anding of DSP concepts using Matlab

Elements of Code Composer Studio (CCS), DSP Programming with Texas Instruments emtl
Handsonexperience with embedded DSP boards for signal processing requirements in robo

ming,
with

heorem.
bsponse to

bNSity
rties,

edded boards
ics

ENGCMEF-1-212! SENSORS AND TUATOR L-T-P-C :1-1-2-3

Modul-l: Senso

Fundamentals of sensor and Transducer, various sensing principle, Resistive se
potentiometer, resistance thermometer, strain gauge, capacitive sensing elements: nasadd
and dilectric, Inductive sensing elements: variable reluctance and LVDT, RVDT displacem
sensing elements: velocity, techo, elastic sensing element: force, torque, accelergtioscqpe
optical sensor, strain gauge baseeddiapee sensors proximity and distance measuring sen
vision.

Moduldl : Actuators

Principal of actuator, type of actuators, mechanical actuator, electrical actuatorphyeneulinat
actuator and other different kinds of actustegper, DC servo and brushless motors, model
servo motor, Smart Material based actuator like Electro active polymer (EAP), ionicrppbasiig
(IPMC), piezoelectric and shape memory alloy actuator etc and its application in robotics.
Tutoial and Practical

Hand-on training on various sensing elements like pressure measurements, relative humidit
tachometer, vibration measurements, accelerometers, strain gauge, potentiometer,

P separatio

Bent, electrometri
ssure, g

sors, and

ituat
of a DC
r metal co

y measurement:
resistance anc
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thermometer, toque sensors ser distance measurements, vision systems and use of sensol
Hand-on training various types of motors and actuators like DC motor, servomotor, mech
actuators, hydraulic actuator, Pneumatic actuator, EAP actuaiezeelPME, SMA actuators a
application.

anical, electrica
hd its

ENCGCMEF-1-213( MOBILE ROBOTICSYST ANLINDUSTRIAROBOT | L-T-P-C : 1-1-2-3

Modulel: Mobile robotic syst
Fundamentals of Autonomous Mobile Robotics, including both perception and pianmirng
operatiorkKinematics and dynamics, Trajectory planning , Vehicle state estimation, Localizati
Planning.

Modulél: Industrial robots

Introduction of industoaloticsand automatioRobot anatomy, Use of industrial robotvireldpuag
continuous weldingobotsn Assembly Operations. Robot cell layouts , multipded aiaishin
interface arr@dbot cycle time analysis.

Tutorial and Practical

Handson experience Bioneer WMRIanipulator Arms, SCARA Robot, WeldingtRobots

for auto
pn, Mapping anc

ENGCMEF-1-213: ROBOT CONTR L-T-P-C: 1-1-2-3

Introduction, Control Principles, Control Objectives, Modelling of Physical systemsndi
Contrebtability aspects, Root locus technique; Frequency response analysis, BpdePRIf]
Controller, Controller tuning.
State Space Design: Concepts of statesspState Representation of Linear system, Controllg
Observability, Stabilizability and Detectability, Observer design, Linear Kalman Filters.

Notion of NonlareControl, Basics of Nonlinear Control, Nonlinear Control Methods: Feedba
(Inpusstate & Inpoutput linearization); Concepts of Lyapunov Stability and analysis, Sliding N

Tutorials and Practical:

Hands on experience withIMB/SIMULINK model development

Verification of control performance using P/PI/PID controller.

Modelling and experiments with rectilinear control systems

Case Studies on Nonlinear controller development

Handson experience with application of difienénear control systems in robotics

D Des
bility and

tk Linearization
lode Control.

ENGCMEF-1-213: ROBOTIC CASE STUI L-T-P-C :C-1-85

Different robotic systems case studies and its iation in ¢-going projects (Manipul, arial robot
industrial robots, micioots, bimimetic kmts etc)
Utility of robotic system in Industry

ENGCMEF-1-213: INTRODUCTION TO VIBRATION AND REL L-T-P-C : -0-2-2

Singl-degre-otfreedom systems: Free vibrations and response of to harmonic, periodi
excitations, Energy dasym and damping, Duhamel’'s Convolution Integral for response to
varying excitation.

general time
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Mul-Degre-otFreedom Systems: Free Vit- The Eigen value Problem, Orthogonality of Mode
Dynamic response by Modal Analysis, IntradRctiordynamics and Machine vibration.

Probability concept, Reliability definition, Failure DataM&aalytiise to Failure (MTTF), Mean
Between Failures (MTBRintainability, Availability, etc

Time

ENGCMEF-1-213- BEARINGS & MACHINERY LUBRIN L-T-P-C :2-0-2-3

Bearinc- Theory and Practice: Types of bearings, Selection of bearings, Bearing nor
terminology, Types and techniques used for mounting and dismounting of bearings, $nitu
bearing care, Lubricatidreafings, Bearing life cycle

Bearing Maintenance Technology: Selection of fits and tolerance, Mounting and dismouirid
bearing failures and their causes, Maintenance tips, Bearing failure analysis

Sealing SolutionFundamentals of rotarynd areciprocating seals, Principles of
operations,Understanding of the various seal designs, their applications and most cogsmon
Lubrication: Base oil, Synthetic Base Oil, Additives, Lubricating Greases, Solid Luiomg
performance Tribochemistry and characterization.

Oil Analysis (T & P): Oil Analysis Maintenance Strategies, Oil Sampling, Lubricant h
Machinery components health monitoring

q

Strial practice

ng, Introduct

$ealing

failure mod
ants: Product

Palth monitoring

ENGCMEF-1-213! DIAGNOSTIC MAINTENANCE AND CON

MONITORING

L-T-P-C : 2-0-4-4

Maintenance Strategies: Predictive, preventive and condition based; cost effectiv- single

plane and multi plane, alignment; Basic Signal Processing Techniques: time domain, faed

e
timefrequency domainchiaery Vibration Diagnostics: Machine vibration standards, Fault Sig‘tature.

Advanced Diagnostic Techniques: Gear Diagnostics, Rolling Element Bearing Diagnosiics,
Diagnostics

Tests for electric motor, power distribution testing,trobtestirog including starters, soft starts,
frequency drive etc. Electrin motor, mechanical coupling, test of driven equipmentsyerul
harmonics, power factor.

Practical: Single plane and multi plane Balancing, Alignment

ncy domain
Rotating Mach

ariable
tage and cur

ENCGCMEF-1-213( DAMAGE ASSESSM L-T-P-C :2-0-2-3

Damage mechanism of Industrial components (DG/AS/HR): Different damage mechan
Creep, Fatigue, Erosion, Corrosion, Different characterization methods for damage assessn
Damage assessmendtigh Non Destructive Testing (AS/HR/PKM): Visual examination, vide
Liquid Penetrant Testing, Magnetic Particle Testing, Ultrasonic Testing, RadiographyorA
Testing, taitu metallography arsitun hardness.
Residual life asssment (RLA) and failure analysis of industrial components (AS/DG): Introg

nent
D imagescopy.
coustic Emiss

juction to RLA,

Material and damage mechanism, Different techniques for quantitative estimation toddestihrgl life, In

to fracture mechanics in connection with residsastfaent, Failure analysis of industrial compq
Practical: Visual and Video Imagescopy Inspection, Magnetic &amp; Liquid PenetranticT|

nents
esting, Ultrason

Testing, Industrial RadiograpiitulMetallography, Metallographic Techniques, Mateeal atiafac

using optical microscopy, Material characterization using electron microscopy, Mechaosta
Emission, Techniques of failure analysis

Testing, A

15| Pag

e



ENGCMEF-1-213 INSTRUMENTATION AND CON L-T-P-C :1-0-2-2

Sensing techniques and | processing approaches: Basics of analog and digital systerr
concepts of measurement systems, Performance terms, static and dynamic characteristays
sources of error, Transducer Fundamentals, resistive, inductive, esqpaeitigtrapr, torque, sp
temperature. Continuous time signals, discrete time signals, sampling theorem, Freque
Discrete Fourier Transform

Industrial instrumentation and process control: Electromagnetic Relays, Case studigiams
Programmable logic controllers: Construction Working and case studies. RS232, virtna
Labview applications.

Basic Control: Basic concept of control system, Mathematical model of Physical syste
analysis: steady statel transient response, Frequency domain analysis: Nyquist stability crit
Controller: PD, Pl and PID.

Tutorials: Electronic devices, Signal processing , Instrumentation and process cootxols, Con

Practical: Testing thé d¢haraetistics of capacitor, resistor and diodes, Simulation of active

system accur
bed,
ncy Analysis ar

ladder d
instrumentatio

m, Time domai
bria, Design of

trol the
hnd passive

filters on MATLAB platform, Study and analysis of actuation of various types of matiors frioata acquisi

Piezesensors and their calibration, Development of an instriamggitédio module, Design of 4
controller for a DC motor, Controlling stepper motor using NI LabView software, Devetopnd

testing of ladder diagrams using RS LOGIX.

. PID
bnt, simulat

ENCGCMEF-1-213i MATERIALS CHARACTERIZ/ L-T-P-C: 1-C-2-2

Eletron microscopy: TEM, HRTEM, SEM, STE
Scanning probe microscopy: STM, AFM, LFM, Nanoindenter. Tribological material char
AFM:

IR/Raman spectroscopy/microscopy; Thermal analysis techniques

Practicals: Hands on training on ahabgieatroscopic and microscopic techniques: FESEH

FTIR/Raman, AFM, Contact angle, Particle Size measurements, Macro and Micro Tribomet

hcterization usir

EM, EDX,

ENGCMEF-1-213! CORROSION AND CORROSION PROT L-T-P-C :1-0-2-2

Basic concept of corrosion: And cathodic reactions, anodic reaction characterization, cathc

characterization, types of corrosion Roeitbaix diagram, Mechanism of chemical, electrg

corrosio®illing Bedworth rule

Types of Electrochemical corregjatvanic capsion, differential aeration corrosion, pitting ¢
stress corrosion; Measurement of corrosion (wt. Loss/Tafel/lmpedance/Bode plot); fa
corrosion.

Corrosion controat@obdic protection , anodic protection, mixed type [@oteasiom; inhibitors (sg

of inhibitor, application of inhibitor, important consideration in selection of ichitiorss, iclagsit
inorganic and organic inhibitors, inhibitors application techniques, inhibition efficieorg
concentration)

High temperatwerrosion: introduction, oxidation, kinetic behaviour, high Temperature cor
assessment, high temp coating, corrosion protective coatings, case studies.

Practical: weight chemical analysis, Tafel Polar&atiodieBlof real specim€osrosion Techniq
(Aqueous and High Temperature

chemical

prrosion,
ctors influencin

ope
s,
y and inhib

osion damage

es
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ENGCMEF-1-214( MAINTENANCE MANAGENM L-T-P-C :1-1-C-2

Principles of maintenance management, (-based maintenance, Managing maintenance
Managing finarscén maintenance, Managing maintenance information, Maintenance imp
strategy, Risk management, Maintenance approaches and strategies, Organisation, pldoni

rovement and
ng and applica

of maintenance and maintenance strategies, Technological aspeeerirgf engnomics &nd

accountancy and implementation of maintenance planning systems, Asset operations optim|

isation

ENGCMEF-1-214: PRACTICAL TRAIN L-T-P-C :0-0-6-3

Condition Monitoring, NDT, Fatigue and Fracture, Macro and MicrWaste oil Analys
Instrumentation

Students will be given assessment on real time experimentation in the above areas.
Handson experience Bioneer WMRIanipulator Arms, SCARA Robot, Welding Robots etc.

ENGCMEF-1-214! SEMINAI L-T-P-C :0-1-C-1

Eech student is required to deliver a presentation twice in first semester on the topiocsiras
coordinator to improve their communication skills and logical thinking and organizetithected
from various resources.

the data

ENGCMEF-1-21%C PROJECT WO and VIV-VOCI L-T-P-C :1-2-1€-1C

Systematic study carried out by students on selected topics relevant to real life pudipleritish
carried out by each student under the guidance of fasethestet.

Tutorials by thespective faculty on selected research areas/topic.

Presentation by a student on literature review, problem definition and plan of studyl@m.selec
Preparation of report andwdea examination in front of examination panel at theyend of stud

ted pro
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Facilities Available at C-CMERI RelevantPGDAM

S No

Facility

Conventional Milling, Drilling, Turning, Grinding, Welding and other Machin
Lathe, Plastic injection moulding m/c, Robotic LASER jmoébdEseertical
Machining centre, CNC EDM m/c, CNC Milling, Jig leixiGgwiset m/c, Vision
based measurement system, CAD/CAM software

es, CNC

Conventional foundry machines and tools, various furnaces, Investment ca
Pressure die and rheo pressure die casting facility, Micro and macro injecti
m/c, Simlation and analysis software (ANSYS, FLUENT etc.), UTM, Differe
scanning calorimeter, hardness tester etc.

sting facility,
on moulding
ntial

Micro machining centre, Micro EDm M/c, Optical, Fluorescence & Atomic H
Microscope, High speed camera, Micro fluidic labanatory set

orce

Coordinate measuring madtaser, Interferometdniversal Measuring Machine (SIF
Horizontal length Measuring maOiiieVertical Omtiméikecro Optic Angle Delidacro
Optic Aut@ollimeteBD optical Profilomgearthometer (S6Bhivesal Profile Projector
Electrolimit CefParatqrSlip Gauge Calibrator

Magnetic crack detector (For coil magnetizagjoa)ic field indic&particle test block
Black light (UV) source for Fluorescent indpieretsmmic flaw detector ackithss gauge
Crack depth metéray MachinRadiation survey meieeimagescop®igitally
controlled closed loop shpdraulic (100 KN) capacity dynamic testing machine with
accessories/softwakgardness tesi@rinnel/Rockwell/Vickers)

Field Emission Scanning Electron microscopd,&&®BEMg Electron Microscope (SE
Fatigue strength measuring maklighetemperature Rheometer

")

M)
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High Precision CNC Ttvtill

Robotic LASER processing set up

Rheo Pressure Die Castkagility
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FESEM with EDS & Straining stage Micro EDM

Laser Interferometer
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Facilities Available at C-CMERI RelevantPGDI

S No Facility
1. | Pioneer robot
2. | Robot mnipulator
3. | Testing andharacteraion of smart actuators
4. | Robot vision system
5. | Embedded system
6. | ElectronginstrumentatiandDigital Signal Processing
7. | CAD/CBEwith analyssoftware
(Auto CAD, Solid Works, Idea, Inventor, AANSYStC.)
8. | Programming software
(Matlab, &wulink, C, C++, Visual C++, Mathest@)ica
9. | Academic support
10. | Library
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Glimpse of facility

Manipulator arm SCARA Robot

X-Y Plotter of Pioneer Robot

Test setup for inductive and capacitive type proximity sensors
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Embeddd Control setup Flexible Manipulator

BarretWaM

Micro Robotics Lab for testing of smart actuator  Piezoelectric actuator test setup
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IPMC actuator test setup Frequency analysis Setup

CAD Lab facility Computer Lab facility

School oMechatronics Library Facility
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Facilities Available at C-CMERI RelevantPGDIM

Macro and Micro pin/ball on disikdmeter and Four ball Tester

FTIR, Viscometer, Ferrography, TAN and TBN Analyzer

Contact Angle Goniometer and Nanoparticle Size Analyzer
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SNONMAHAVRaman

U\WVis Spectrophotometer and Fluorescence Spectrophotometer

Acoustic Emission Testing
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Machinery Fault Simulator, Portable FFT Analyzer, Laser Vibrometer, Electrodynamic
Shaker

Magnetic Particle and Dye Penetrant test unit

Ultrasonic Testing Machine

Industrial RadiographgjtitnMetallography and Video Imagescopy
High Temperature Furnace for Corrosion studies
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FESEM with EDX withsitu deformation stage and Optical Microscope

SEM with EDX

Rotating bendiy fatigue machine
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