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Vision

To contribute to India and the

world through excellence in

scientific and technical education

and research; to serve as a valuable

resource for industry and society;

and to remain a source of pride for

all Indians. 

CONTENTS

I.T.M.M.E.C

Where the journey begins Page 3

WHY I.T.M.M.E.C.?

Tribology is the science and Technology of interacting

surfaces in relative motion and all practices related thereto; is the

key to a high functional system.

Tribology combines issues of friction, wear and lubrication

into a framework for designing and maintaining the machine world.

Until recently,“the design of the shape and material” was being done

on the basis of machine dynamics and strength of materials but the

predominant part of failure i.e. wear remained neglected. The design

based on tribology fills this gap and ITMMEC provides expertise in

the field.

Transmissions are one of the places where tribology makes a

difference in the automotive industry. Similarly, tribology plays a

major role in computer hardware industries which enables makers of

hard-disk drives to produce high performance drives and squeeze

more data into less space.

“The head that reads and writes information to and from a

hard disk flies about 5 to 20 nanometers above the disk surface and

the disk spins beneath the head at about twenty meters per second”

Lubricants and Lubrication systems are another focus area at

ITMMEC.

Proper lubrication of machinery is the single most significant

contributor to the long, problem free life of machinery therefore the

value of proper lubrication cannot be overstated. Latest

advancements in the study of rheological and tribological properties

of lubricated systems are the spotlightsPage 4

Maintenance 

Maintenance is an indispensable process for industrial

infrastructure as it directly affects the productivity and hence

the profit. A cost effective and efficient maintenance system,

properly interfaced with production and material

management, achieves optimum utilization of existing

resources and improves the availability of the critical

equipments of the plant.

“On the principle that every minute you lose on that machine are

sales you will never get back again, every second is critical.

Maintenance should be planned and rehearsed to the minute - just like

a pit stop on a Formula One car” 

CONDITION MONITORING IS AN IMPORTANT TOOL FOR AN EFFECTIVE

MAINTENANCE SYSTEM. CM TECHNIQUES DETECT INCIPIENT FAILURES

RESULTING IN DECREASED DOWNTIME AND INCREASED SAFETY OF PERSONNEL

AND COSTLY EQUIPMENT.

ITMMEC acclimatizes engineers to the facets of Maintenance with

focus on Condition Monitoring, Planning, and Scheduling &

Implementation. ITMMEC with its industry oriented curriculum makes

it the preferred centre at IIT Delhi. It works on the principle of industry-

academy relationship and prepares students to take challenging offers

from the industry of the curriculum. Page 5

The centre

Indian Institute of Technology Delhi is a premier institute engaged in imparting

technical education, research and consultancy services. It is a unique institution

and a dream destination for those who wish to be leaders in the area of

technology. The Industrial Tribology, Machine Dynamics and Maintenance

Engineering Centre (ITMMEC) was established in 1978 with Norwegian

collaboration with focus on industry oriented research.

I.T.M.M.E.C

Industry Page 6

Education @I.T.M.M.E.C

ITMMEC offers an M.Tech. Programme in “Industrial Tribology &Maintenance

Engineering”. In addition to fresh graduate engineers this programme has

attracted engineers sponsored by various industries & organizations like NTPC and

Indian Armed Forces. This programme is supported by qualified faculty members

from various disciplines. The centre has emerged as a unique resource of its kind

in the chosen area. Also with an Endeavour to be in constant touch with industry

and seek long term problem solving, students of this programme are encouraged

to take up industry oriented projects for their M.Tech. Thesis.

Diagnostic Maintenance and Monitoring

4 credits (3-0-2) 

Introduction to Condition Based Maintenance

(CBM), Application and economic benefits,

Signature analysis - online and off-line

techniques, Various Condition Monitoring (CM)

techniques - Vibration monitoring and analysis,

Shock Pulse Method, Noise monitoring,

Envelope detection technique, Oil analysis

including wear debris and contaminant

monitoring, Performance monitoring, Acoustic

emission and other techniques, Non-destructive

techniques, Application and choice of the

method, Computer aided monitoring including

expert systems. Practical applications of

diagnostic maintenance, Condition monitoring

of mechanical and electrical machines, Case

studies. 

Fundamentals of Tribology

4 credits (3-0-2)

Introduction to tribology and its historical

background. Factors influencing Tribological

phenomena. Engineering surfaces - Surface

characterization, Computation of surface

parameters. Surface measurement techniques.

Apparent and real area of contact. Contact of

engineering surfaces- Hertzian and non-hertzian

contact. Contact pressure and deformation in

non-conformal contacts. Genesis of friction,

friction in contacting rough surfaces, sliding and

rolling friction, various laws and theory of

friction. Stick-slip friction behavior, frictional

heating and temperature rise. Friction

measurement techniques. Wear and wear types.

Mechanisms of wear - Adhesive, abrasive,

corrosive, erosion, fatigue, fretting, etc., Wear of

metals and non-metals. Wear models - asperity

contact, constant and variable wear rate,

geometrical influence in wear models, wear

damage. Wear in various mechanical

components, wear controlling techniques.

Introduction to lubrication. Lubrication regimes.

Introduction to micro and nano tribology. 

Materials for Tribological Applications

3 credits (3-0-0) 

Introduction to tribological processes and

tribological relevant properties of materials. An

overview of engineering materials having

potential for tribological application. 

Characterization and evaluation of Ferrous

materials

for

tribological

requirements/applications, Selection of ferrous

materials for rolling element bearings, gears,

crank shafts, piston rings, cylinder liners, etc.

Non-ferrous materials and their applications

such as sliding bearings, piston rings, cylinder

liners, etc., materials for dry friction materials. 

Education @ I.T.M.M.E.C
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Education @I.T.M.M.E.C

Composite materials (PM, CMC and MMC) for

tribological applications. 

Surface treatment techniques with applications

such as carburising, nitriding, induction

hardening, hard facing, laser surface treatments,

etc. Surface coating techniques such as

electrochemical depositions, anodizing, thermal

spraying, Chemical Vapour Deposition (CVD),

Physical Vapour Deposition (PVD), etc. and their

applications. 

Lubricants- Introduction, requirements, types,

Evaluation and testing of lubricants. 

Maintenance Planning and Control

3 credits (3-0-0)

Objectives

of

planned

maintenance,

Maintenance philosophies, Preventive and

Predictive maintenance, Emerging trends in

maintenance-Proactive Maintenance, Reliability

Centred Maintenance (RCM), Total Productive

Maintenance (TPM), etc, Implementation of

Maintenance

strategy,

Maintenance

organization, Basis of planned maintenance

system, Maintenance planning and scheduling,

Maintenance control system and documentation.

Spares and inventory planning, Manpower

planning, maintenance auditing. Human factors

in maintenance and training, maintenance

costing, Maintenance performance. Repair

decisions- Repair, replacement and overhaul,

Computer applications in maintenance, Expert

systems applications, maintenance effectiveness,

Case studies. 

Design of Tribological Elements

4 credits (3-0-2) 

Introduction-Tribological consideration in

design, Conceptual design, Classification of

tribological components, Mechanisms of

tribological failures in machines, Zero wear

concept, Computational techniques in design.

Design of Dry Frictional Elements-Dry friction

concepts, Brakes and Clutches, Friction belts and

Dry rubbing bearing. 

Design of Fluid Frictional Elements- Fluid

friction concepts, Design of hydrodynamically

loaded journal bearings, externally pressurized

bearings, Oscillating journal bearings, Externally

pressurized bearings, Design of oil groove,

Design of elliptical, multilobe and titled pad

bearings,

Rolling

elements

bearings,

Performance analysis of bearings, gears, seals,

piston rings, machine tool slide ways, cams and

follower and wire rope. 

Design exercises using TK-Solver, Finite

Elements analysis software. 

Reliability,

Availability

and

Maintainability Engineering

3 credits (3-0-0) 

System concepts in RAM Engineering,

Fundamentals

of

reliability,

Failure

distributions, Statistical analysis of failure data,

Weibull analysis, Monte Carlo simulation,

System reliability assessment. Reliability of

repairable and non-repairable systems. Point,

mission and steady state availability. Availability

assessment. Maintainability and its assessment.

Design for reliability and maintainability’,

Practical applications of RAM Engineering to

systems, products and processes. 

Failure Analysis and Repair

4 credits (3-0-2)

Introduction, need for failure analysis,

Classification of failures, Fundamental causes of

failures, influence of type of loading (e.g. static, Page 8

Education @I.T.M.M.E.C

fatigue, shock, etc.) on nature of failures, Role of

stress; processing and fabrication defects, Effect

of residual stresses induced during fabrication

processes, Influence of temperature and

environment on failure, Crack and subsurface

crack like defects and their significance in

failure. 

Micro mechanisms of failures; Ductile and brittle

fracture, Fracture initiation and propagation,

Fatigue failures, Wear related failures, High

temperature failures, low temperature failures,

etc., Studies and analysis of failed surfaces. 

Identification of failures, Techniques of failure

analysis, Microscopic methods, Fracture

mechanics techniques, Prediction of failures,

Residual life assessment and life extension,

Typical case studies in failure analysis, Logical

fault finding and its application, Inspection and

safety measures, Repair techniques and

economic considerations, Failure analysis for

design

improvement

and

proactive

maintenance, Design for repairbility, Case

Studies.

Computer Application in Maintenance

Management

3 credits (2-0-2) 

Role of computer in maintenance management.

Maintenance overview. Basics of software

engineering. System analysis and design.

Fundamentals of programming with specific

emphasis of object oriented paradigms. Study of

various available software and their

implementation for maintenance. System

analysis of various maintenance strategies,

activities / modules and their implementation.

Evaluation and optimum selection of

computerised

maintenance

management

system(CMMS), Knowledge based approach to

maintenance management. Neural network for

CMMS, Software consideration for design of

CMMS, Maintenance through internet based

technology. Case studies. 

Corrosion and its Control

3 credits (3-0-0) 

Importance of corrosion control in industrial

practices. Thermodynamics of corrosion. Zroad

forms of corrosion - uniform, uneven, pitting,

cracking, etc. Influencing factors on corrosion.

Surface film. Polarisation and effects. Theory of

passivity. Kinetics of corrosion. 

Various types of corrosion along with case

studies - Galvanic, Thermogalavanic, High

temperature corrosion. Intergranular, Pitting,

Selective attack (leaching). Fretting corrosion-

erosion, Cavitation, Stress corrosion cracking.

Hydrogen embrittlement. 

Corrosion fatigue and Corrosive wear. 

Application of Non Destructive Techniques

(NDT) for corrosion evaluation and monitoring. 

Corrosion Control- Design improvement.

Selection of material, fabrication processes for

corrosion control. Role of residual stresses.

Changes in operating conditions. Use of

inhibitors. Anodic and cathodic protection.

Corrosion resistant coatings. Case studies. 

Lubricants

3 credits (2-0-2) 

Overview of friction, wear and lubrication,

Primary role of lubricants in mitigation of

friction and wear & heat transfer medium,

Composition and properties of lubricant,

Fundamentals - Mineral oil based liquid

lubricants, Synthetic liquid lubricants, Solid Page 9
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lubricants, greases and smart lubricants,

Characteristics of lubricants and greases,

Rheology of lubricants, Lubricants for industrial

machinery - I.C. Engines, turbines, Hydraulic

control systems, Lubricants for tribological

components - sliding and rolling bearings,

gearing, wire ropes and chains, etc., Metal

working lubricants, Maintenance and

conservation of lubricating oils, Storage and

Handling of lubricants, Used lubricating oil -

Environment and health hazards, and

Disposability and Recycling, Technical

regulation for lubricants - Test specifications,

and standards for maintenance management of

industrial lubricants including greases and used

oils, Selection of optimum lubricant for given

application.

Risk Analysis and Safety

3 credits (2-1-0)

Introduction, Typical Hazards, Tools for hazard

identification and analysis in plants and

machinery, Accident indices, Check lists,

Preliminary Hazard Analysis (PHA), Failure

mode and effects analysis (FMEA) and Failure

mode, effects and criticality analysis (FMECA),

Hazard and operability studies (HAZOP), Fire

and explosion hazards, Dow’s fire and explosion

index, Hazard analysis-Fault tree analysis (FTA),

Event tree analysis (ETA), Cause consequence

analysis (CCA), Mathematical models for cause

consequence analysis, Risk evaluation and

acceptance criteria, Human factors in safety,

safety management, Disaster management plan,

Safety aspects of lubricants, Safety codes, Case

studies. 

Bulk Materials Handling

3 credits (2-0-2)

Nature of bulk materials, Flow of gas-solids in

pipelines, Mechanical Handling equipments like

screw conveyors and belt conveyors, Pneumatic

conveying systems- Components, Design and

Selection, Troubleshooting and Maintenance of

pneumatic conveying systems, Performance

evaluation of alternative systems, Bend erosion-

influencing factors, materials selection and

potential solutions, Case studies, and Design

exercises. 

Noise Monitoring and Control

3 credits (2-0-2) 

Introduction to noise, Properties of noise,

Loudness and weighting networks, Octave and

FFT analysis, Impulsive noise, Instrumentation

for noise measurement and analysis, Sound

power, Sound intensity technique, Noise source

location, Noise diagnostics, Noise monitoring of

machines with examples, Cepstrum analysis,

Noise control methods, Maintenance and noise

reduction, Vehicle and Machinery noise, Noise

standards, Case studies. 

Design for Maintenance

3 credits (2-0-2)

Introduction; Overview of maintenance, Systems

approach for maintenance, Modular design,

Assembly and disassembly consideration for

maintainability design, Accessibility of critical

components, Optimisation of maintenance

efforts, Evaluation, comparison and optimum

selection of maintenance systems, Design for

condition monitoring, Design of plant and

machinery for a given maintenance strategy, Page 10

Education @I.T.M.M.E.C

Design for environment friendly maintenance

Standardization and interchangeability, Life

cycle costing for optimum design and selection,

Maintenance Logistics (facilities and resources),

Human and safety factors, Design for

maintenance through internet based technology

(on-site and off-site), Developing reliable

maintenance system, Design for simplicity and

ease of maintenance, Design complexity versus

maintenance complexity for enhanced

availability, Built in diagnostics for fault

detection, Fail safe design, Case studies. 

Bearing Lubrication

3 credits 

Introduction-Historical background, Bearing

concepts and typical applications. Viscous flow

concepts-Conservation of laws and its

derivations: continuity, momentum (N-S

equations) and energy, Solutions of Navier-

Strokes equations. Order of magnitude analysis,

General Reynolds equation-2D and 3D

(Cartesian and Cylindrical), Various mechanisms

of pressure development in an oil film,

Performance parameters. 

Boundary Layer Concepts-Laminar and

turbulent flow in bearings, mathematical

modeling of flow in high-speed bearings. Elastic

Deformation of bearing surfaces-Contact of

smooth and rough solid surfaces, elasticity

equation, Stress distribution and local

deformation in mating surfaces due to loadings,

methods to avoid singularity effects, Estimation

of elastic deformation by numerical methods-

Finite Difference Method (FDM), Governing

equation for evaluation of film thickness in

Elasto Hydrodynamic Lubrication (EHL) and its

solution, Boundary conditions. Development of

computer programs for mathematical modeling

of flow in bearings, Numerical simulation of

elastic deformation in bearing surfaces by FDM

Independent Study

3 credits (0-3-0) 

This is meant only for such students who are

selected for DAAD fellowship. 

Major Project-Part I

6 credits (0-0-12) 

The students will select a research topic for

the major project. It is expected that such

topics would involve understanding of basic

processes and expensive experimentation. 

Major Project-Part II

12 credits (0-0-24)

The research topic selected in Part I shall

continue in part II also. Page 11

Education @ I.T.M.M.E.C

Finite Element Method

Solution of differential equations , plan stress problems , plane strain , solid elements , plate bending

elements , shell elements , shear bending , dynamic and non-linear problems. ANSYS LAB Structural,

Thermal, Solid Mechanics Problems. Projects.

Vibration Engineering

Vibration control strategies, spatial , modal and response models of vibrating systems,

free and forced vibration of single and multi degree models, finite Element method for

dynamic analysis , balancing of rotating and reciprocating machines, dynamic instability

control , introduction to NVH and its control .

Design of IC engine components and subsystems

Engine design, fuels, injection system, combustion chamber, and design for CI and SI engine, engine

cooling, lubrication emission, and electronic management system.

In addition to the above courses students learn various packages like CATIA V5, SOLID WORKS,

PRO-E, AUTOCAD, ANSYS, other computational tools like MATLAB, TK Solver, during the course of

their work and various management related subjects and foreign languages during different

semesters.Page 12

FACILITIES @ I.T.M.M.E.C:

Friction and Wear Lab

1. Brake Inertia Dynamometer.

2. SRV Optical Tester

3. Pin-on-Disc Test Rig

4. Micro-Hardness Tester

5. Compression Moulding 

Machine

Lubrication and Oil Monitoring Lab

1. Laser Particle Counter

2. Particle Size Analyser

3. Ferro graph

4. IAE Gear-Lubricant Test Rig

5. Michell Tilting Pad Apparatus

Microscopic Observation Facilities

Scanning Electron Microscope with EDAX

6. Linear Abrasive Wear Test Rig

7. Universal Tribometer

8. Raman Spectrometer

9. Taylor Hobson 

10. Thermal Conductivity Analyser

11. Probe Sonicator

6. Air Journal Bearing Apparatus

7. Oil Journal Bearing Apparatus

8. Piston Ring Lubrication Rig

9. EHDL Test RigPage 13

Lubricants Lab

1. Corrosion Test Apparatus

2. Rotary Bomb Oxidation Test Apparatus

3. SETAVIS Kinematic Viscometer

4. Karl Fischer Titrator

5. Foaming Tester

6. Flash Point Apparatus

Machine Dynamics Lab

1. Sound Intensity Measurement System

2. Vibration Isolation Table

3. Modal Testing System

4. FFT Analyzers

5. Balancing System

6. Thermograph Camera

Non Destructive Testing (NDT) Lab

1. Radiography Facility

2. Ultrasonic Flaw Detector

3. Eddy Current Crack Detector

4. Magnetic Particle Inspection UnitPage 14

Project Lab

1. Pneumatic Conveying Pilot Plant

2. Air Jet Erosion Test Rig

3. Laser Particle Analyser

4. Permeameter

5. Sand BlasterPage 15

Facilities @ I.T.M.M.E.C
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JOURNAL BEARING RIG

LASER PARTICLE COUNTER

MICHELL TILTING PAD HERTZIAN CONTACT APPARATUS

PISTON RING LUBRICATION

AIR BEARING TEST RIG

FERROGRAPH ANALYSER Page 16

Facilities @ I.T.M.M.E.C
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DEEP GROOVE BALL BEARING TEST RIG ROTOR KIT FOR VIBRATION

BEARING VIBRATION ANALYSER 

GEAR NOISE ANALYSER

THERMOGRAPH CAMERA

TWO STAGE RECIPROCATING

COMPRESSOR

JOURNAL BEARING RESEARCH RIG
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Facilities @ I.T.M.M.E.C
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UNIVERSAL TRIBOMETER

TRIBO TEST RIG

LINEAR ABRASIVE WEAR RIG (LAWR) BRAKE INERTIA DYNAMOMETER

THERMOGRAPH CAMERA

COMPRESSION MOULDING MACHINE

Friction and Wear Lab Page 18

Facilities @ I.T.M.M.E.C
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SAND PERMEAMETER

PNEUMATIC CONVEYING PLANT

EROSION TEST RIG
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Facilities @ I.T.M.M.E.C
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SCANING ELECTRON MICROSCOPE WITH EDAX Page 20

An Indicative List of Projects Undertaken

I. Research Projects:

✓ Development of new hard disk drive bearing.

✓ Application of acoustic emission technique for condition monitoring of steam turbines.

✓ Tailoring & evaluation of fabric-reinforced polymeric composites for tribological applications.

✓ Development of bearing material and high performance bearings for dry applications under harsh 

operating conditions.

✓ Asbestos-free brake material for automobiles: Tailoring, Characterization and Evaluation.

✓ Design and development of Air Slide Systems for bulk materials handling. .

✓ Designing and development of a framework for exchanging Component Failure and Plant

Maintenance Data in distributed environment over the Internet.

✓ Transient thermal modelling of mixed film lubricated point contacts.

✓ Condition monitoring of bearings.

✓ Wear studies on surfaces finished by magnetic abrasive finishing process.

✓ Development of nano-composites for tribological applications.

✓ Finite element and thermography based simulations of temperature distributions in some tribo-

elements.

✓ Studies for development of isothermal thrust pad bearing – modelling and analysis Page 21

II. Consultancy Projects:

✓ Noise reduction on 12-cylinder diesel engine locomotives.

✓ Evaluation of pneumatic conveying system design for Panipat and Paricha TPS.

✓ Dry fly-ash conveying and delivery system at Reliance Energy Ltd.’s Dahanu TPS.

✓ Tribological studies for metal-bonded elastomers against PTFE & PVDF

coated steel.

✓ Proactive maintenance and assessment of residual life of turbine oil

through condition monitoring of turbines.

✓ Wear debris monitoring of critical rotating machines of Indo-Gulf Fertilizers

and Chemical Plant through oil analysis.

✓ Experimental Modal and FEM Analysis of bonnets and mudguards of Eicher 364 NC tractor & noise reduction of

Eicher 364/369 tractors.

✓ Failure Analysis of Diesel Locomotive Cylinders.

✓ Experimental studies with different piston ring profiles of IC engines.

✓ Design, development and testing of bush bearings for heavy earth moving machinery.

✓ Finite element simulation of magneto rheological brake for automotive applications.

✓ Bearing fault prognostics.

✓ Design and development of isolation system for sonar transducers array.

✓ Optimization of additives in marine cylinder lubricating oil.

✓ Design, Development and Analysis of Volvo brake for magneto rheological application.

✓ Developing compliant surface and lubricating oil for reduced oil consumption.GE Bangalore 

✓ Design and development of cushion bonded/rigid bonded organic and cerametallic cookie and single /duel

sintered buttons (Copper/Iron based) ceramic cookies and annular ring clutch discs and matching cover

assemblies. CSIR funded. Page 22

PAST RECRUITERS 

Clutch India Page 23

Client Organizations

✓ National Thermal Power Corporation

✓ Northern Coal Fields Ltd.

✓ Oil & Natural Gas Corporation (ONGC)

✓ Orient Fans

✓ Oswal Steels

✓ Power Engineering Training Society (PETS)

✓ Ministry of Industry

✓ Research Design & Standards Organisation

✓ (RDSO), Ministry of Railways

✓ Scooters India Limited

✓ South Eastern Coal Fields

✓ Steel Authority of India Ltd. (SAIL)

✓ ITC Ltd.

✓ Maruti Udyog Limited 

✓ Association of Indian Engg. Industry (AIEI)

✓ Bharat Electronics Ltd. (BEL)

✓ Bharat Heavy Electricals Ltd. (BHEL)

✓ Calico Mills

✓ Cement Corporation of India Ltd.

✓ Delton Cables

✓ Eicher Good Earth Ltd.

✓ Engineers India Ltd. (EIL)

✓ Escorts Ltd.

✓ Gabriel India Ltd.

✓ Hind Lamps

✓ Hindustan Electrographite Pvt. Ltd.

✓ Indian Airlines

✓ National Airport Authority Page 24

Every faculty, staff and student of I.T.M.M.E.C, IIT Delhi is passionately committed

to the mission of making India a world leader in technology and science, and

nurtures this commitment with honesty, hard work and team spirit.

WE ARE PLEASED TO INVITE YOU FOR PLACEMENTS 2010-2011

Please Mail your Queries to

Prof J. Bijwe. Course Coordinator

Email : jbijwe@gmail.com

Phone - 09818444679 , 

Office--+91- 11 2659 1280

Centre for Industrial Tribology, Machine Dynamics and

Maintenance Engineering

Indian Institute of Technology, Delhi

Hauz Khas, New Delhi-110016

Ashique Ellahi 

ashique_ellahi@yahoo.co.in

Contact: 09716611351

Sriharsha

Sreeharsha.hr09@gmail.com

Contact: 09650769489

Indian Institute of Technology, Delhi

Binu Urmise

binuurmise@gmail.com

Contact: 09911849973

Kuldeep Singh

kuldeepdagar@gmail.com

Contact: 09278461162

student Coordinators
