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TRIBOINDIA 2020

Tribology is a multidisciplinary subject dealing with the study of interacting surfaces in relative motion. The
term, derived f r ond niéEhaen i@rigebafikRgw g r,iddendt€sriyie sutgactat Friction,
Lubrication & Wear technology. Over the years, the subject of Tribology came to be recognized as a very
important aspect in all industrial operations. The application of correct Tribological psactineprotect and
enhancethe life of plants and machinerjeisnprove efficiency of operations, reduce energy consumption and
prevent expensive breakdowns.

To provide a common umbrella to work further in this area, Tribology Society of India (TSI) hrasdiagp as a
professional, nefor-profit body bringing together academicians, and industry as well as research organizations as
its members. The Society is affiliated to the International Tribology Council (ITC) based in London, UK. The
activities relatd to Tribology in the country started way back in 1972, when first World Conference on Industrial
Tribology (WCIT) was organized by Indian Institute of Technology at New Delhi. Continuing with this, a series

of National and International Conferences haeerborganized durinthe last 48 years including successful
recent events ASIATRIB 2014, TRIBOINDIA 2018 at VJTI Mumbai (4th in the series of National Tribology
Conferences) and IndiaTrib 2019 (the 10th International Conference on Industrial Triboltsyy, &dngalore).

TSI also organizes its annual event of Summer Schools in Tribology, the recent one being the 12th Summer
School in Tribology, in webinar mode having been organised succedsfullyy 2020.

Currently the Society operates from its registeoffice at Indian Oil R&D Centre, Faridabad. Tribology society
of India invites academic institutions to organize a conferenceinr@eery twoyears with the sole objective of
providing a platform to academicians, researchers and practicing engioegiscuss the current trends in
tribology practices.

TRIBOINDIA -2020is the fifth in the series of National Tribology Conferences (NTE however the first

ever through online mode, The first edition of NTC was organized by IIT Roorkee in 2011 , thd seeoat

PES University at Bengaluru in the year 2014 and third one at [IT BHU during 2016. In 2018 the NTC was
renamed as TRIBOINDIA 2018 and was organized at VJTI Mumbai. This year SRM Institute of Science and
Technology, Kattankulathur Campus will beganizing the RIBOINDIA-2020 via online mode.



ABOUT SRM INSTITUTE OF SCIENCE AND TECHNOLOGY

SRM Institute of Science and Technolo§RMIST) formerly known as 'SRM Universityis located in an
extensive sylvan campus of 380 acres skirting the Natidigiiways (NH145), in the outskirts of Chennai.
SRMIST is one of the top ranking Universities and most premier engineering destinations in India, which is
established in 1985 by the Founder Chancellor, Dr. T.R. Paarivendhar. Now it is functioning in clogated

at KattankulathufKTR), Ramapuram Part (Vadapalani) and Ramapuram in Chennai and one in Modi Nagar,
Ghaziabad with over 52000 students and 3200 faculty members, offering wide range of undergraduate,
postgraduate and doctoral programs in EngingeManagement, Medicine & Health Sciences, Agriculture, Law

and Science & Humanities. The Institution has moved up through international alliances and collaborative
initiatives to achieve global excellence. SRMIST also collaborates with various foraigar&ities. Now the
Institute enjoys an unsurpassed reputation in academic and corporate circles being the preferred manpower source
for vision © be recognized as a worttass learning institution. SRMTShas been accorded Categostdtus by
MHRD-UGC of Government of India and also accredited by NAAC with 'A++' Grade in the year 2018.

ABOUT DEPARTMENT OF MECHANICAL ENGINEERI NG, SRM IST.

The Department of Mechanical Engineering is one of the pioneering departments of SRMIST. The department is
functionaly divided into three broad areas of specializationamely, Design, Manufacturing, and Thermal
Engineering. B.Tech Mechanical Engineering program at Kattankulathur campus is accredited by Engineering
Accreditation Commission (EAC) of ABET, USAThe departent also offers M.Tech. and Doctoral programs in
various specializations. The present faculty strength s ABout 800+ research papers and-880nference

papers have been published in national and international levels. More than 30 patents halezl eemational

and international levels.

The following salient workshops and conferences was conducted by the Department of Mechanical Engineering,
KTR: International Conference on Advances in Mechanical Engineering 2006, Short Course on Mechanics of
Composite Materials and Structures: 2015, Workshop on Development, Manufacturing and Analysis of Advanced
Composites, 2015 and short course on FEM, 2015, National Conference on Advances in Mechanical Engineering
(NCAME 2016), Brain Wave Robotics, 2017, Inmtational Conference on Advances in Mechanical Engineering
(ICAME 2018) and 2nd international Conference on Advances in Mechanical Engineering ICAME 2020 (26th
February to 29th February 2020).

ABOUT TRIBOLOGY LABO RATORY AT SRM IST

The Department of MechamtEngineering has a dedicated team of faculties who work in the area of tribology in
a wellequipped laboratory. This fully functional research laboratory is handling funded projects from several
industries and government agencies. Students of this tabpere sent to reputed institutes for internship in the
area of tribology. The laboratory initiated two MoUs with foreign universities and the outcome was seen in joint
publications and internship for students. The laboratory also works closely witfepiestitutes in India in the

area of tribology. The laboratory news was published in the Newsletter of Tribology Society of India.



Preface

The Department of Mechanical Engineering, SRMIST, along with the Tribology Society of India is extremely
happy b bring out this Souvenir cum Abstract Book proceedings of the virtual conference TRIBOINDIA 2020 in
PDF form. TRIBOINDIA2020 is the fifth in the series of National Tribology Conferences (NTC), (however the
first ever through online mode), The first editiof NTC was organized by IIT Roorkee in 2011, the second one at
PES University at Bengaluru in the year 2014 and third one at IIT BHU during 2016. In 2018 the NTC was
renamed as TRIBOINDIA 2018 and was organized at VJTI Mumbai. This year SRM InstitBtéeote and
Technology, Kattankulathur Campus organized the TRIBOINRORO, 10th12th December, via online mode.
Several researchers, scientists and practicing engineers participated in this online event. 7 Plenary Lectures, 13
Keynote Lectures and 1@ontributory Lectures in various domains of tribology which graced the occasion are
presented in this Souvenir. It was an honour for all of us to hear the inaugural lecture by Professor Ali Erdimir,
Texas A&M, the President of International Tribology Cailinc

The organizers are grateful to the Tribology Society of India for providing the opportunity to organize the
conference at SRMIST and also for providing all support and advices during the organization of the program.

The Department of Mechanical is thd to Dr. T.R. Paarivendhar, Chancellor, Mr. Ravi Pachamoothoo,
Pro-chancellor (Admin), Dr. P. Sathyanarayanan,-&mwancellor (Academics), and Dr. R. Shivakumar, Vice
President, SRMIST for their encouragement and full support for the success of theegoaf The organizing
committee thanks the authorities, the Vice ChancellorMte Chancellor (E&T), Dean (CET), Dean (Research)

and Chairperson (SME), SRMIST for their supports which motivated the organizing team. It is to be noted that the
success adiny event lies on the shoulders of every member of the organizing committee. A special thanks to every
member of the organizing committee who worked tirelessly in this tough situation and made TRIBOINDIA 2020
a grand success. The organizing secretariagdalike to thank all the reviewers who helped in reviewing the
abstracts within the deadline. Heartfelt thanks to the participants for their active participation without whom the
event would have never been successful.

On a special note of thanks to allresponsors who have supported the event in this pandemic situation. We hope
you all have enjoyed the sessions and have gathered the rich knowledge of tribology during these three days.

With a ray of hope to meet with all of you we remain grateful foringkRIBOINDIA 2020 a great success.

Shubhabrata Datta
Dated: 10.12.2020 Shubrajit Bhaumik
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@ (Affiliated to International Tribology Council, U. K.)
Registration No. 197 Year2010-11, Faridabad (Haryana)

. Registered Office: R&D Centre, Indian Oil Corporation Ltd, Sector i 13, Faridabad

TSI 7121007, Haryana
Telephone: +91 0129 2294264/322/680 Fax: +91 129 2286221

Website: www.tribologyindia.org Email: info@tribologyindia.org

Message
President, Tribology Society of India & Director (R&D), Indian Oil

Dear TSI members and TRIBOIND{2020 delegates,

SRM Institute of Science and Technology, Chennargsnizing the TRIBOINDIA 2020 a virtual conference on
Tribology from 10th12th December 2020.

This virtual conference being a part of the new normal in view of the current Covid 19 pandemic is part of the continuing
effort on part of Tribology Society ofndia to sensitize researchers and industry about the benefits possible in
improvement of productivity and profitability of all sectors of industry through innovative tribological design and
services.

Tribology Society of India has been leading the wagrganizing international conferences hosted by an academic and
research institution every two years with the sole objective of providing a platform to academicians, researchers and
practicing engineers to showcase their work in form of technical papedismugs the current trends and research in
Tribology. TRIBOINDIA 2020 is the fifth in this series of international conferences which started with the inaugural
edition in IIT Roorkee in the year 2011.

| am enthused by the good response in terms of pleratkeynote speakers from India and abroad during the
conference and hope that these three days of the conference will provide a great opportunity to continue the
discussion on Tribology using the virtual platforms in this new normal.

While conveying my teetings and best wishes for a successful organization of TRIBOINDIA 2020 to the
organisers, | am sure that ideation through discussions and deliberations during the conference will play a vital
role in furthering the body of knowledge of this multi diditipry science of Tribology.

With warm regards,

Dr S S V Ramakumar
President, TSI
& Director R&D, Indian Oil Corporation Ltd


http://www.tribologyindia.org/
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Prof. SANDEEP SANCHID (UK), FIETE, FIE(l), MIEEE

Vice Chancellor

&

EX President Association of Indn Universities, New Delhi

Message

| am happy to know that Department of Mechanical Engineering. SRM Institute of Technology, Kattankulathur
campus in association with theaiBology Society of India is organizing the Virtual Conference on Tribology,
TRIBOINDIA 2020 during December 102, 2020. Tribology is an area that is highly interdisciplinary in nature

as it is very important to understand the interacting surfaces that are in relative motion especially in terms of
safety, reliability, flexibility and #iciency. The phenomenon of Tribology affects our lives in a multitude of ways
every day. And for this, a thorough understanding about the recent advances in the field of Tribology will be
important.

1 am sure TRIBOINDIA 2020 will bring together a mulsdiplinary community of engineers, scientists and
academicians to discuss the recent advancements in the area of Tribology. It will also definitely serve as a great
platform for the participants to knevn detail about the practices developed in industribe needed research

that keeps machines workingthout any wear and tear andlivalso throw more light in the field of advanced
technologies.

| wish TRIBOINDIA 2020 a grand success.

7 ‘ M//"H

Dr. Sandeep Sancheti

SRM Nagar, Kattankulathur603 203. KancheepuraBistrict. Tamil Nadu. India Ph: 91-44-27417802/03
E-mail: ve@srmuniv.ac.in, URL: www.srmuniv.ac.in
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Prof. C. Muthamizhchelvan, Ph. D.
Pro Vice chancellor (E &T)

Message

Wisdom consists of Ideas and Doctrine whose meanings change with the mind thainethkemt. The more we
collaborate the more we improvise the knowledge.

Engineering Sciences and Technology are always an enthusiastic areas for the researchers and it is a right mix for
conferencing among the academic community and industry experts.

It gives immense pleasure in welcoming the participants to the prestigious event TR1IBOINDIA 2020, organized
by the Department of Mechanical Engineering. SRM Institutecddrige and Technology, Kattankthur, in
association witlthe Tribology Society of India.

TIRIBOIND1A 2020 will set a platform for academicians, scientists, practicing engineers and scholars together to
exchange and share their experiences in different areas of tribology and discuss the practical challenges
encountered to solve critical probis.

My heartfelt appreciation to the organizing committee and the Tribology Society of India for their sincere efforts
in bringing this event to light.

Pro Vice Chancellor
Faculty of Engineering and T
SRM Institute of Science and Te
SRM Nagar, Kattankulathur - 603 203
Tamilnadu, India, ’

SRM Nagar, Kattankulathur603 203. KancheepuraBistrict. Tamil Nadu. India Pht91-44-27417802/03
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Prof. T. V. Gopal

Professor &Dean (College of Engineering and Technology)

Message

I am delighted to note that the Department of Mechanical Engineering, SRM Institute of Science and Technology,
Kattankulathur, in associatiowith Tribology Society of India is organizing the virtual International Conference
TRIBOINDIA 2020 during 18 i 12" December 2020. Certainly, this type of conference not only brings all
researchers, students at one platform, but also inculcates #arctesulture among the entire fraternity of
education in the country, thereby, contributing to the development of nation Mutual participation and high quality
deliberations create inspiring learning environment resulting into innovative ideas. | arespeeticipants of
TRIBOINDIA 2020 will be highly motivated alter listening to the esteemed Plenary and Keynote speakers from
reputed institutes and industries.

| hope that this conference would certainly induce innovative ideas among the participamgsweywifor new
inventions and technologies in the area of tribology.

| congratulate the organizers and wish the conference a great success.

-
Dr T} Gopal
BERR
College of Engineering and Technology
SRM Institute of Science & Technology (SRMIST)

SRM Nagar, Kattankulathur-803 203,
Chengalpattu Dist, Tamilnadu, India.

SRM Nagar, Kattankulathur603 203. KancheepuraBistrict. Tamil Nadu. India Ph:91-44-27417802/03
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Prof. D. Kingsly Jeba Singh
Chairperson
School of Mechanical Engineering

Message

| am very happy to note that the Department of Mechanical Engineering is organizing théinGdetional
Conference TRIBOINDIA 2020 in association with Tribologyociety of India during 20- 12" December
2020.

TRIBOINDIA 2020 will give a platform for our academicians, scholars and researchers together to understand the
basic fundamentals of tribology, its importance in terms of safety, reliability and effici#hey will also
understand the new areas and development in the field of tribology. | hope this conference also help to build strong
inter-institutional networks and pave synergy among the research community and bridge the gaps between
industry and acadeim

| would like to express my sincere appreciation to the organizing committee of TRIBOINDIA 2020 for their
dedicated efforts to materialize the conference in this tough pandemic situation.

| welcome all the eminent speakers and participants to TRIBOANIDRO.

1 wish TRIBOINDIA 2020 a grand success.

DR

Dr. D. Kingsly Jeba Singh
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Prof. M. Cheralathan
TheHead
Departmentf Mechanical Engineering

Message

The Department of Mechanical Engineering is organizing a vimtednational ©@nference TRIBOINDIA 2020,

fifth in the series of National Tribology Conferences (NTC) during, December 10th 12th 2020 at SRM
Institute of Science and Technology, Kattankulathur in associatiorthe@fribology Society of India. The main
focus of TRIBAONDIA 2020 is the research platform to solve the tribological issues in various field of materials
and manufacturing.

TRIBOINDIA 2020 will enable participants to interact with the experts in the areas of tribology. | sincerely
express my gratitude to thdeRary and Keynote speakers from prestigious institutes and industries for their
immediate acceptance to our invitation and obliged to deliver the lectures on various topics on tribology.

| am grateful to the advisory committee members for their valuiaiplets towards the conductance of this
program.

| take this opportunity to place on record my sincere gratitude to our ChancelleCh&noellor (Admin),
Pro-Chancellor (Academics), Vice Chancellor, Rfice Chancellor (E&T), Dean (College of Engineerig&g
Technology) and Chairperson (School of Mechanical Engineering)h&r continuous encouragement and
support to this conference TRIBOINDIA 2020.

| also thank the organizing secretaries and all the teams of the Department of Mechanical Engineeging for th
extended cooperation to conduct tbferencesuccessfully. A special heartfelt thanks to Tribology Society of

India who have helped us in conducting the conference. A constant support from the members of Tribology
Society of India has helped in seakways in making this conference come to light in this pandemic situation.

| express my heartily congratulations to one and all who have directly or indirectly lend their hand in making this
conferencea great success.

\)\\f”’\/

Dr.M.Cheralathan
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Prof. Shubhabrata Datta
Departmentf Mechanical Engineering

From the desk of the Organizing Secretary

It has been a wonderful experience during past few months to be a part of a highly motivated team of faculty
members of the Mechanical Enginegrirdepartment of SRM Institute of Science and Technology,
Kattankulathur, who were busy with the organization of TRIBOINDIA 2020. | also had lot of enriching
interactions with the senior members of Tribology Society of India. As a result, the virtual ecaoafenn
tribology, TRIBOINDIA 2020, became a reality. | express my heartfelt gratitude to the Tribology Society of India
for giving the opportunity of organizing TRIBOINDIA 2020, and to the management of SRMIST for providing all
kinds of support.

| am graeful to the eminent Plenary and Keynote Speakers who have agreed to grace the sessions by sharing their
rich experience in the area of tribology. | thank Prof. Ali Erdemir, Texax A&M and the President of International
Tribology Council, who accepted ouwitation and agreed to deliver the inaugural speech.

| thank all our sponsors. A conference is never successful with the participants; hence | extend heartfelt and
sincere gratitude to all the contributory authors who shared their research result®ifehence. The organizing
secretaries extend their special regards to their colleagues of mechanical engineering without whom the
conference would not come to light.

| feel delighted to experience that even during these tough days of the pandemibotbgists from various
countries have contributed enthusiastically to make TRIBOINDIA 2020 a great success.

(Shubhabrata Datta)



Program Schedule TRIBOINDIA 2020

TRIBOINDIA 2020

Program Schedule

DAY 1: DECEMBER 10, 2020

TIME | DAY 1 PROGRAM

09:3071 10:45

Inaugural Session (Room 1)

Welcome Address

Prof. M. Cheralathan, Head, Mechanical Engineering, SRMIST

About the Conference

Dr. Shubrajit Bhaumik, Jt. Organizing Secretary, TRIBOINDIA 2020

About TSI Dr. Barun Chakrabarti, Vice President, TSI

Presidential Address Prof. C. Muthamizhchelvan, Pro Vice Chancellor, SRMIST

Felicitation Prof. T.V. Gopal, Dean CET, SRMIST

Felicitation Prof. D. Kingsly Jeba Singh, Chairperson, Mechanicajiieering, SRMIST

Inaugural Address

Prof. Ali Erdemir, Texas A&M, USA, President, International Tribology Cou
(Frontiers research on super lubricity: A historical perspective)

Vote of thanks

Dr. P. Nandakumar, Head, Design Division, DepftMechanical Engineering,
SRMIST

10:4571 12:30

Plenary Session | (Room 1)

Plenary Lecture 1

The process of wear; A synergistic process
Prof. S.V. Kailas, IISc Bengaluru, India

Plenary Lecture 2

Tribology of traction motor bearings electric vehicles
Prof. R. Gnanamoorthy, IIT Madras, India

12:307 13:00

Break

13:007 16:00

Technical Session 1A (Room 1): Surface Engineering and Tribology |

Keynote Lecture

Malaysian agricultural waste as new sustainable tribologiestrials Prof. Md.
Fadzli Bin Abdollah, Universiti Teknikal, Malaysia

Contributory Papers

T003: Ecofriendly and facile fabrication of superhydrophobic aluminum allo

T009: Medicetribological investigation of pulsed plasma nitrided angtc
stainless steel

TO011: Influence of mechanical properties of coating and substrate on wear
performance of {DLC or tin- coated AISI 5140 steel

T018: Correlating the stress state with morphological and tribological prope
of thin coatings

Keynote Lecture

EHL of Non-conformal contacts and isotropic surface textiirBs. G. Rajaram,
Thejo Engineering Limited, India

Contributory Papers

T019: Tribological characteristics of thermomechanically processed 7075 A
alloy thraugh nanescratch characterization

T027: Influence of powder feed rate on the slurry abrasive wear behavior o
Co-Cr alloys deposited on SEL6] material.

T030: Molykote i anti friction lubrication coating process establishment on
solenoid amature and its tribo performance

13:007 16:00

Technical Session 1B (Room 2): Wear Behavior of Alloys & Composites |

Keynote Lecture

On the correlation of wear behaviour with subsurface characteristics of die
Dr. Debdulal Das, IIESBhibpur, India

Xi



TIME | DAY 1 PROGRAM

Contributory Papers

T002: Review on optimization of process parameters for hybrid metal matri
composites (HMMC)

T0O05: Tribological characterization of iron based-$aitfricating composite
under dry sliding conditions

T026: Tribemechanical behaviour assessment of magnesium based fibre n
laminates

T039:Fabrication and optimization of wear parameters4f Eeinforced Al2024
nano metal matrix composites

Keynote Lecture

Research advances and developinteend on magnesium alloys and composit
Prof. A. Elaya Perumal, Anna University, India

Contributory Papers

T044:Wear behaviour of magnesium hybrid composite reinforced wi@s4ind
Mo$; particles through PM route

T045: Cavitation eosion behavior of MONbTIiZr medium entropy alloy

T053:Erosion wear behaviour of A357/fly ash composites

T57: Tribological characterization of aluminium metal matrix composites

13:0071 16:00

Technical Session 1C (Room 3): Lubricatioh

Keynote Lecture

Graphene: Next generation lubricant additigr. Md. Khalid, Sunway
University, Malaysia

Contributory Papers

TOO06: Investigating graphite added glycerol as metalworking fluid in turning
steel

T0O08: Tribologicalproperties of FBN additivated lubricants

T040: Comparative study of thermghysical and tribological properties of
coconut oil based nano lubricant using CuO nanoparticle and Mo®particle

T041: Addition of surfactant in Ceanopariles and its synergistic effect on
diesel fuel

Keynote Lecture

Oil vs. grease behaviour in rolling/sliding contaicten the beneficial thickener
effects: with a focus on wind turbine application
Dr. Balasubramaniam Vengudusamy, Klueber LubricgtGermany

Contributory Papers

TO042:Friction and wear behaviour of nauible oil based lubricant

T043:The enhanced tribological performance of hexagonal boron nitride (h
nanoparticle additives in various type of engine oil

T047: Flash temperature of sliding contactscomparative study

Xii



DAY 2: DECEMBER 11, 2020

TIME ' DAY 2 PROGRAM

9:307 11:30

Technical Session 2A (Room 1): Surface Engineering and Tribology Il

Contributory Papers

T046: Wear behaviour #&A6061 processed by equal channel angular press

TO055: Wear, scratch and corrosion resistance of aluminide coating prepare
ferritic martensitic steel

T067:Reciprocating sliding behaviour of solid lubricant coating over modifi
titanium alloy surfaces

T080: Wettability of hydrophobic micralimpled HSS surfaces

TO081: Wear behaviour of friction stir welded AA7075 and AA6063 aluminiu
alloys

T082: The effect of deep cryogenic treatments on the microstructureesamd w
behaviour of 3.6€2.8Si ductile cast iron subjected to austempering

T083:Prediction of suitable heat treatment for H13 tool steels by applicatio
thermal shock fatigue cycle

9:3071 11:30

Technical Session 2B (Room 2): Wear Behaviorf dlloys & Composites |l

Keynote Lecture

Tribological investigation of white etching area (WEA) formation under sev
sliding condition in bearing steeDr. P. Ramkumar, IIT Madras, India

Contributory Papers

T63: Effect of ball milling duation on tribological properties of CNT reinforce
Al matrix composites

T064:Machine learning approaches for analyzing tribological behavior of
aluminium matrix composites

TO075: Assessment of mechanical and tribological characteristié856
reinforced with x wt% CaBcomposites

TO76:Assessing the tribological behaviour of stir casted AA6063 with x wt9
ZrSiOs and 6wt% TiB hybrid composites

T079:Dry and wet tribology of carbon nanotubes in Al/steel and AMMC/ste
sliding contacts

T090: Wear performance analysis using worn surfaces of different aluminid
alloy composites A comparative study

9:307 11:30

Technical Session 2C (Room 3): Lubrication Il

Keynote Lecture

Nanolubricants dispersed with gragte and its derivatives: an assessment a
review of the tribological performanéeDr. N.C. Murmu, CSIRCMERI, India

Contributory Papers

T048: Surface morphology studies in end milling of AA7075 under MQL
environment using tiybridized carbonaces nano cutting fluids

T054:The role of surface roughness frequencies in controlling lubricant
wettability in hierarchical engineering surfaces

T62: Evaluation of tribological performance of coconutlodised grease with
hybrid MoS/SiO; additives under boundary lubrication regime

T069: Viscous and molecular effects of fatty acid concentrations in thin film
lubrication flow

TO72:Formulation and tribological evaluation of vegetable oil based grease

Xiii



TIME ' DAY 2 PROGRAM

11:307 12:30 Business Talks (Room 1)
Optimol Instruments
Ducom Instruments
RTec Instruments
12:307 13:00 Break
13:007 16:00 Technical Session 3A (Room 1): Surface Engineering and Tribology |l

Keynote Lecture

Lubrication performancef hydrostatic / hybrid textured fluid film bearings
Prof. Satish C Sharma, IIT Roorkee, India

Contributory Papers

T084: Understanding the wear behavior of nylon coated steel surfaces in pr
of commercial greases

T086: Evaluation ofPEEK to PEEK friction welded joint properties

T087:Diamond like carbon coating on-YZP for dental implant.

T096: Study of tribological properties of multilayer gradient Ti/tin coating.

T101: Influence of countersurface roughnesswo-body abrasive wear of
hastelloy G276 in dry sliding conditions

T102: Transitions in twdoody microscale abrasive wear of hastelle2Z
superalloy

T104: Micro tribological properties of ®8AI-4V in comparison to F6AI-4V
shotblased

13:007 14:30

Technical Session 3B (Room 2): Wear Behavior of Alloys & Composites I

Keynote Lecture

Threebody abrasive wear property of a quenched andisathermally
partitioned steel Dr. Chiradeep Ghosh, Tata Steel Limited, India

Contributory Papers

T091: Effect of reinforcements on graphite/Bi@8 nanohybrid composites

T097:Assessment of mechanical properties for aluminium composites usin
husk ash as a reinforcement.

T098: Evolution of mechanical antibological behaviour of hybrid composite
under dry and wet conditions

T100: The effect of sliding speed on dry sliding wear behavior of A356 alloy
minor additions of magnesium

14:307 16:00

Technical Session 3C (Room 2): Tribaneasurement

Keynote Lecture

Importance of the study in fundamental wear mechanism and data analysis
Spatiotemporal mapping analysiBrof. Kanao Fukuda, Malaysikpan IIT,
Malaysia

Contributory Papers

T60: New multisensing nanotribology tesfith electrical contact resistance af
friction measurement

T085: Optimization of parameters of single point cutting tool for turning
operation

T092: Development of test method to detect gear failure using vibration an
ferrography analysis

T093:Development of test method for evaluation of engine oils in horizonta
inclined planes with oil recirculation system in SR

Xiv



TIME ' DAY 2 PROGRAM

13:007 14:00

Technical Session 3D (Room 3): Lubrication Il

Contributory Papers

TO73: Transestefication of blended vegetable oils as cutting fluids and
prediction of cutting forces using machine learning techniques

TO74:A comparative study on the tribological performance of solid lubrican
over PEEK polymer

T088: Anti-wear behawur of polyalphaolefins with oleic acid treated kaF
nanoparticles as an additive under extreme pressure conditions

T099: Tribological characterization of simarouba glauca biodiesel (SGME)
copper oxide nanoparticles

14:0071 16:00

Technical Session 3E (Room 3): Condition Monitoring

Keynote Lecture

Sustainable efforts through lubrication: Balanced approach to performance
environmental acceptabilityDr. T.C.S.M Gupta, Apar Industries Ltd.,
India

Contributory Papers

SP0QA: Combination of analytical sciences with tribological quantities for ar|
advanced condition monitoring

T015: Ferrography Specialized oil analysis for protection and diagnose gea
bearing detoriation

TO017: Vibration damping analysisimg MR fluid assisted worktable for drillin

TO70:Friction analysis of aircraft landing gears due to landing impact

T089: Experimental study to compare the performance of engine fueled wit
diesel and biodiesel blend on the basis of vibresignature analysis

16:007 18:00

Plenary Session Il (Room 1)

Plenary Lecture 3

Application of topological optimization methodology in hydrodynamic
lubricationi Prof. A. Aimqvist, Lulea University of Technology, Sweden

Plenary Lecture 4

Experimental analysis and modelling for reciprocating wear behavior of
nanocomposite coatingisProf. Z. Khan, Bournemouth University, UK

Plenary Lecture 5

Surface design against third body frettiogrrosion of electrical connectoirs
Prof. T. Liskiewicz, The Manchester Metropolitan University, UK

DAY 3: DECEMBER 12, 2020

TIME ' DAY 3 PROGRAM

9:3071 11:00

Plenary Session Il (Room 1)

Plenary Lecture 6

Roles of Nanopatrticles in formation of tribofilnfProf. Hong Liang, Teas A&M,
USA

Plenary Lecture 7

The influence of double cardan joints kinematics and egtasic effects on
rolling bearings life in railway traction motor$>rof. Viorel Paleu, TUIASI,
Romania

11:007 12:30

Technical Session 4A (Room 1): THological Performance of Bearings |

Contributory Papers

T004:Effect of eccentricity ratio on damping and stiffness coefficients for jou
bearing with flexible liner taking micropolar lubrication

T013: Limiting load capacity analysis oGM texture bump foil journal bearing

XV



TIME ' DAY 3 PROGRAM

T021: Performance behaviors of miguocketed/textured tilting pad thrust
bearings

T025: Influence of span angle on the performance of-étey hybrid spherical
journal bearing

T031:Influenceof textured shapes in hybrid slot entry journal bearing

T032:Study of a hybrid spherical capillary compensated thrust bearing
11:007 12:30 Technical Session 4B (Room 2): Polymer Composites & Friction Materials

Contributory Papers TO0O01: Indentation behaviour of cellulosic fibres/fly ash incorporated polyme
composites at sufmicron scale

T012: Tribological /mechnical investigations of additive manufactured polyr
composites

TO014:Effect of zirconium silicate and rilite with three different particle sizes
on tribological behavior of neasbestos organic (NAO) brake pad

T020: Synergic effect of metallic fillers as heat dissipaters in tribological
performance of a neasbestos disc brake pad

T022: Trilological and mechanical performance report of epa@sin
composites reinforced with multvalled carbon nanotubes

T023: Influence of Alkali treatment in Areva Javanica fiber and its effect in
mechanical, physical and tribological behaviour in NB&«@ke friction
composites

11:007 12:30 Technical Session 4C (Room 3): Bitribology |

Keynote Lecture Role of biomaterials for hip joint replacement applicatio®. Amar Patnaik,
MNIT Jaipur, India

Contributory Papers TOO7: Tribolgical investigations of biological interfaces: from cartilages to
catheters

TO16: Investigating the tribological properties of HAp/8Ap-POM
composites.

T028: Mechanical behaviour of hydroxyapatite dispersed sulphonated
polyetheretherketanbased composite membrane at microstructural length ¢

T033:Study and optimization of wear characteristics of PLA/PMMA biopoly
composites

12:307 13:00 Break
13:007 15:00 Technical Session 5A (Room 1): Tribological Performance @earings Il

Contributory Papers T034:0n the behaviour of asymmetric conical helgry hybrid journal bearing
system

T035:FEM analysis of a porous hybrid journal bearing under the turbulent
regime

T036: Effect of semtone angle othe performance of hybrid slentry conical
journal bearing

T037: Effect of norNewtonian lubricant on the linear and rlamear stability
analysis of the doublayered porous journal bearing

TO50: Tribological performance analysis of ftitiobe hydrodynamic journal
bearing with nan@additives in lubricants

T61: Housing lightweighting and its impact on bearing performance

TO078: Analysis of thermoelastohydrodynamic lubrication of journal bearing
including the effect of stece roughness and cavitation

13:007 15:00 Technical Session 5B (Room 2): Polymer Composites & Friction Materials |
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Contributory Papers T024: Tribemechanical behavior of basalt fiber reinforced polylactic acid af
polypropylene hybrid poiyper composites

T029: Tribological behavior of cerametallic clutch friction material in
agriculture tractor applications.

T038:A review on tribological behavior of silicon nitride based ceramics

T051:Influence of aluminium foaron dry sliding wear behaviour of glass fibe
reinforced epoxy composites

T058: Tribological characterisation of banana/ sisal composites and hybrid
composites: A review

T066:Newly developed multiscale composites for tribological applioatinder,
waterbased lubrication

T094: Wear and morphological analysis on basalt/sisal hybrid fiber reinforg
polylactic acid composites

T095: Thermemechanical analysis of ventilated and solid disc brake pad m

13:007 15:00 Technical Session 5C (Room 3): Bitribology |l
Contributory Papers T056: Wear evaluation of polycarbonate urethane core for artificial disc in lu
region

T59: Al based design of hybrid UHMWPE composites with enhanced
tribo-mechanical behaor

TO65: Biotribological performance of medical grade UHMW polyethylene
based hybrid composite for cartilage replacement

T068: New polycaprolactone polymer coated magnesium biodegradable al
cardiac stent application.

TO71: Temperature and load influence on adhesion wear in dry sliding cont
vacuum condition

TO77: Electrochemical and biol ogi
biomedical implant applications

T103: Wear performance of UHMWPE and PQtifiial disc materials
15:007 16:00 Valedictory Session (Room 1)

Welcome address Prof. D. Kingsly Jeba Singh
Chairperson, School of Mechanical Engineer@BMIST

Report of the conference| Dr. Shubhabrata Datta
Organizing Secretary,RIBOINDIA 2020

On behalf of TSI Mr. Ajay Harinarain
Secretary, Tribology Society of India

Special Addresses Mr. Uttam Kr Roy
President, Maihar Integrated Cement UNMP BIRLA Group

Mr. Walter Wagner
Managing Director, Wagner Germ@ils, Germany

Valedictory Speech Prof Nilesh J. Vasa
Dean of Students (DOST) & Professor,
Department of Engineering Design, NT Madras

Vote of Thanks Dr. TVVLN Rao & Dr. Jitendra Katiyar
Mechanical Engineering, SRMIST
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Frontiers research on superlubricity: A historical perspective

Ali Erdemir

Texas A&M University
Department of Mechanical Engineering
College Station, TX
USA

Abstract: Friction and wear between moving mechanical assemblies (MMA) collectieglyumes nearly a
guarter of worldbés ener gy out pemissioasild Withanorsasirg mobidity e t han
and industrial activity, there is no doubt that adverse impacts of friction and wear of such MMAs on energy,
environment, globaconomy and ultimately sustainability will continue to intensify. Accordingly, as tribologists,

if we can lead the way toward far more efficient, green, andlastgng MMAS, we can reverse this unsustainable

trend and hopefully save our planet from amagcological and environmental disasters. In recent years, great
strides have been made in the design of new materials and coatings affording friction coefficients below 0.001
level [2]. Such a remarkable progress in vanishing friction is largely duang ooncerted efforts and worldwide
collaborations centered around the creation of novel materials, surfaces, and interfaces causing little or no friction
as well as rapid increases in computational capabilities (including artificial intelligence, mdebméfarning,

and data analytics) for more reliable modeling and simulation. In this presentation, a comprehensive overview of
what makes and breaks superlubricity will be provided in relation to the many intrinsic and extrinsic factors that
are in play sarting from the onset of sliding to runniiig and well into steadgtate. In light of the recent
analytical, experimental and computational findings, an attempt will also be made to recap those underlying
mechanisms that are most responsible for sucbkriuyic sliding behaviors. In particular, recent mechanistic
studies on highly ordered 2D materials (like graphene, IMBBN, MXene, etc.) and disordered DLCs are
highlighted in relation to their structural peculiarities and operating environments.tidegetopments in liquid
superlubricity will also be covered and their promise for the development of more efficient mechanical systems
will be discussed. Overall, these and other novel studies are leading the way for the design and production of next
geneation materials and coatings that can potentially vanish friction in future MMAs and hence save energy,
improve durability, and thus protect the environment for a sustainable future.

[1] Holmberg, K., Erdemir, A. Influence of tribology on global energynsumption, costs and emissions.
Friction, 5(2017)26B284.
[2] Erdemir, A., Martin J. M., Luo, J., Eds., Superlubricity9dition), Elsevier, Amsterdam, 2020.

Profile of Prof. Ali Erdemir

Dr. ALI ERDEMIR is a Professor and Halliton Chair in Enginesng in the

J. Mi ke Wal ker 666 Mechanical Engineer
University, College Station, Texas, USA. In recognition of his research
accomplishments, Dr. Erdemir has received numerous coveted awards
(including STLE6sSMEDer MayboDal HaAwaeyg, A
Uni versity of Chicagobs Medal of Disti
Awards, two Al Sonntag Awards and an Edmond E. Bisson Award from

STLE) and such honors as being elected to the US National Academy of
Engineering, thenesidency of the International Tribology Council and STLE.

He is also a Fellow of AAAS, ASME, STLE, AVS, and ASkternational. He

has authored/cauthored more than 300 research articles and 18
book/handbook chapters,-edlited four books, presented maehan 180 invited/keynote/plenary talks, and holds

29 U.S. patents. His current research focuses on bridging scientific principles with engineering innovations
towards the development of sugeard andlow-friction materials, coatings, and lubricants fdoraad range of

crosscutting applications in manufacturing, transportation and other energgisiow and utilization systems.
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The Process of Wear; ASynergisticProcess

Prof. Satish V. Kailas

Department of Mechanical Engineering
Indian Institute of Scieng®&angalore 560 012

Abstract: The process of wear is as complicated as one can imagine. There would be more than a dozen
parameters that would influence the wear mechanism and wear rate. In this presentation, it is arthesd that
process of wear can be reduced to three major processes; 1) Plastic deformation mechanism, 2)
Tribo-oxidation/Tribachemical, and 3) Mechanically mixed layers. When two surfaces come in contact, the real
area of contact is much less than the appasesd of contact. This lower real area of contact leads to a
significantly higher level of stress in the asperities in contact. The higher level of stress would lead to plastic
deformation in these asperities during sliding. The strain rates experl@nttezse asperities are high and would

lead to a temperature rise in the surface regions. The microstructural response or plastic deformation mechanism
of a material depends on the imposed strain rate and temperature of deformation. The concomitahtteffec
temperature rise is oxidation taking place in the 1se@face regions. If there are specific environments, other
chemical reactions could take place. The process of plastic deformation armkidation products lead to the
formation of debs. This debris can be either be expelled from the-tdyact or remain in the tribsystem.

When it remains in the tribsystem, two things could happen 1) Thbeely abrasion occurs or 2) the wear debris

mixes back into the surface to form a mechalhjomixed layer. Here the tribsystem plays a crucial role in the
formation of a mechanically mixed layer. Thus, wear can be considered to be a process that is a synergy of three
mechanisms. The talk will also cover an experimental process thanhéhee one process and show that the
process of wear is indeed a synergistic mechanism.

Profile of Prof. Satish V.Kailas

ProfessoiKailas obtained his B.Tech. from the Government Engineering College,

Thrissur in 1987, M.E., andhD. from thelndian Ingitute of Sciencén 1989 and

1994, respectively. He then carried out postdoctoral research at 11Sc till 1996 and

was a Guest Researcher at the National Institute of Standards and Technology,

USA, during 19987. He is at lISc since 1997 and is todayeai&r Professor at

the Indian Institute of Science, Bangalore, India. Sustainability and how to reach
Sustainable Development have been his passion, and his research has always kept
these goals in mind. Hi s -ogpgyckhd chf htatse b e
use of materials. His research in tribology, friction stir welding/processing, metal forming, and development of
ecofriendly lubricants is geared towards reaching sustainable developidentas published ovet70

peerreviewed Journal articleand chapters in books and 130 Conference Presentations and Papers. He also
authored the course on Materials Science for the NPTEL program. He is on the editorial board of STLE Tribology
Transactions, Friction (Springer), and Tribology Online of JAST. wide on the editorial board of Wear and

ASME Journal of Tribology. He has also published t he




Tribology of traction motor bearings of electric - vehicles

R Gnanamoorthy, Krishanu Modal, P Karthik

Department of Mehanical Engineering
Indian Institute of Technology Madras
Chennai 600036, INDIA
Corresponding author: Prof R Gnanamoorthy, Emaifjiidoorty @iitm.ac.in

Abstract: The main source of noise and vibration in treegic vehicle traction motor is the bearings. The design
methodology followed, and materials used for bearings are based on the decades of research work carried out
worldwide under normal operating conditions. The extensive research work carried cateiddhe failures in

rolling element bearings are due to excessive mechanical loads and/or poor lubrication. Pitting, spalling, scuffing,
peeling, and uniform wear are commonly observed failures in rolling element bearing parts, and research
outcomes helpd the industry to design, select bearing materials and lubricants to avoid these faitheesase

of bearings used in electric traction motors, different types of current flow into the driveshaft and bearings
depending upon the type of motor and colst used. The flow of electric current in addition to the mechanical
loads influences the bearing performance and results in early failures compared to the expected life. The research
in this direction is in the early stages and the limited understamditige influencing parameters on bearing
performance is a major concer@ur group is carrying out active research, both numerical and experimental
based, to understand the various factors that influence the performance of the bearing parts under combined
electrical and mechanical loads. Various contact situations are modeled using simplified models to predict the heat
generated due to the flow of current in the contacting surfaces using numerical tools. A novel simulator (patent
pending) to study the perimance under simulated conditions is designed and developed in the laboratory and
experimental research work performed will be discussed. The ongoing research work indicates the accelerated
damage in the contact zones due to the combined loading andakmedsures are suggested.

Profile of Prof. R.Gnanamoorthy

Prof Gnanamoorthy received his Doctor of Engineering (Dr Engg) degree from
Nagaoka University of Technology, Japan. He served at Institute for Materials
Research, Tohoku University Japan, asegular employee before joining as
Faculty at IIT Madras in 1997. His teaching and research interests include on
Advanced Materials & Product Design, Design with Polymer and
Nanocomposities, Machine Element and Special Purpose Test Machine Design,
Damage ®Blerant & Tribo Design, Behavior of implant materials, and Surface
Engineering. Prof Gnanamoorthy has published more than 250 original research
publications in reputed International Journals and Conferences. His research
publications were cited in more @200 research publications worldwide. He has guided 7 Doctoral scholars
and holds a patent on innovative surface modification process for surface nanocrystallization and fatigue life
improvement. He has successfully completed many sponsored reseaettspimj Government organizations

such as NRB, ISRO, DST, IGCAR and offered consultancy services to reputed Industries in India and Abroad. He
is on the International Advisory Board of Japanese Society of Mechanical Engineers, and serves on a number of
Gowvernment, Academic, and Industry committees and advisory bodies associated with the development of new
Institutes, curriculum improvement and new product development. He has also served as an Expert Member of
Engineering Education for Next Generation GloBabineers, Japan. Prof Gnanamoorthy, served as the Founder
Director of I1ITDM Kancheepuram, and established a state of the art of green campus at the outskirts of Chennai
and is an architect of Design Centric Engineering and Smart (Industry 4.0) Ac&l®giams in India. He has

also served as the Mentor Director for IITDM Kurnool, AP and Director i/c for the Central Institute for Classical
Tamil, Chennai.
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Application of topological optimisation: methodology in hydrodynamic
lubrication

Andreas Almqvist &alle Kalliorinne

Division of Machine Elements, Lule& University of Technology,
Luled, SE971 87, Sweden

Abstract: Research devoted to the optimisation of bearing performance is an important branch within
hydrodynamic lubrication. It is also a field @search that has attracted a lot of attention and, accompanied by the
everincreasing computing power, it has recently seen a substantial intensification. Still, the most outstanding and
groundbreaking result, is the more than 3¥€ar old discovery bydrd Rayleigh. Indeed, already 1918 Rayleigh
found the stefbearing geometry, which presents the global optimum, in terms of load carrying capacity, of among
al | possible geometries under conditi onstohelcongtantt he | ub
This paper follows in Rayleigh's footsteps and it presents a sequence of contributions employing numerical
topology optimisation methodology based on the globally convergent method of moving asymptotes GCMMA.
With the film thickness as camil variable and either the efficiency or load carrying capacity (LCC) as objective
function, the GCMMA routine is used optimise the geometry of hydrodynamically lubricated bearings, modelled
by the Reynolds equation.

Keywords: Topological optimisation, MM, load carrying capacity, Reynolds equation

Profile of Prof. Andreas Almqvist

In my role as professor at the Division of Machine Elements, Luled University of
Technology (LTU), | lead the branch of research devoted to Computational
Tribology, whichhae been my obligation for the | a
the principal investigator of theykar project; Multiscale topological optimisation

for lower friction, less wear and leakage, financed by the Swedish Research
Council. 1 also lead two other-ykear projects on modelling and simulation of
tribological processes and various skerim projects devoted to the same. | am
proud to say that | am currently the EditorChief for Proceedings of the IMechE,
Part J: Journal of Engineering Tribology. Q@uiecently | also had the opportunity

to guest edit an SlI, entitled Multiphysics and multiscale models of tribology, in the
open access journal Lubricants, which | am also very proud of. For more
information about me and my research please visit my horeepag
http://www.ltu.se/staff/a/almqvist
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Experimental analysis and modelling for reciprocating wear behaviour of
nanocomposite coatings

Professor Zulfigar A Khan

Department of Design, Engineering & Computing
NanoCorr, Energy & Modelling (NCEM) Research Group
Bournemouth University, United Kingdom
zkhan@bournemouth.ac.uk

Abstract: Reseech in this paper provides experimental study, results, numerical modelling and simulation to
fully understand and enable predictive modelling for wear failures within nanocomposite coating subject to
sliding contact. During this research a range of nampasite coatings have been developed and have been
reported. This presentation is focused on four types of nanocomposite coatings; (ANickigla (Ni/Al2Os),

(i) Nickel-zirconia (Ni/ZrQy), (ii) Nickel Ni/Graphene, and (iv) Nicke&ilicon Carbide (Ni/8) which have

been developed by stabd-the-art electroless coating techniques. Among other benefits this methodology allows

to optimise homogenous dispersion of nano constituents within thin layer, control porosity, uniform thickness
over a surface ardeom 0.5 um and above, enhance substcat&ting interfacial adhesion and post processed
roughness. These coatings have been experimentally examined by using a modifidfdati@mrsliding contact

tribo bench test. It has been found that Ni/Graphensodstrated better tribo performance within the context of
wear failure, this trend was followed by NiA8s, Ni/SiC and Ni/ZrQ respectively. Based on experimental
results, numerical modelling has been developed to simulate and predict wear performémeealiove
mentioned newly developed nanocomposite coating and generalise the model to include a wide range of
nanocoating by including namaechanics, grain and mechanical characteristics and incorporating energy balance
and distribution phenomena. Thismerical modelling can be utilised as a holistic design solution which is based

on a wide range of attributes such as intrinsic mechanical properties, surface induced stresses, coating porosity,
grainsize, interfacial characteristics and nano/ micro hasdnEhese models are in full agreement with the
experimental findings.

Keywords: Numerical modelling, Simulation, Tribo testing, Nanocoating, Sliding wear, Graphene

Profile of Prof. Zulfigar A Khan

Professor Zulfigar A Khan has been leading NanoConergy & Modelling
(NCEM) research group within the University Design & Engineering department.
He has developed multidisciplinary research in weaArosion synergy,
nanocoating incorporating tribgorrosion issues, thermodynamics and numerical
modellingin collaboration with major industrial and academic partners.

He has previously lead Research and Enterprise activity in the then School of
Desi gn, Engineering and Computing, as

since July 2007.

As

Aug 2010 and t he UDesigndessarch @editee asSDirsctorai na b |
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Surface design against third body frettingcorrosion of electrical connectors

Prof. Dr.T.Liskiewicz
The Manchester Metropolitan
University,UK

Abstract: Over the last few decades complex elect@ystems have become an integral part of all types of
vehicles. New user features, safety equipment, and increased reliability expectations of electronics require
hundreds of meters of wires, connecting individual devices and assuring integrity oftém. Sifsis results in a

large number of electrical connections with some high specification vehicles having more than 400 connectors
with 3000 electrical contacts on board. Comfort and safety of vehicle users rely on reliability of electronics and
durability of electrical contacts. Failures do, however, take place and it has been estimated that up to 60% of all car
electrical problems relate to degradation of electrical contacts by frettimgsion. This type of surface damage

is observed between two matadfaces subjected to vibrations and thermal cycling. Such conditions occur during
normal vehicle operation causing two parts of an electrical contact to move in relation to each other with high a
frequency and small displacement amplitudgpically ters or hundreds of microns. This generates damage of
both surfaces, wear particles are produced and subsequently oxidised in air atmosphere. As a result, an oxide film
is formed at the interface, which isolates both surfaces and increases electricaitydsiatling to the contact

failure.

In this paper, we are looking at the impact of intentional surface texturing on fredtirgsion performance of
electrical contact components. We have shown, how electrical contact durability can be extended g a surfa
design approach, which controls the metallic interface and assures low contact resistance. The approach links
imposed surface geometry to the progressive process of interface oxidation. A relationship between surface
roughness and electrical contactahitity has been observed. This relationship has been found to Hmean

indicating a critical value of surface roughness associated with the maximum electrical contact durability.

Profile of Prof. T.Liskiewicz

Tomasz Liskiewicz is a Professor ofrifology and Surface Engineering at
Manchester Metropolitan University. He has 20 years of international academic
and engineering experience from leading research institutions in the UK, France,
Canada and Poland. Currently, Tomasz is the Head of DepartfrEngineering

at Manchester Metropolitan University. His research interests focus on surface
engineering and tribology of functional surfaces, with a particular interest in
understanding the engineering coatings, its architectures and optimization for
enhanced functions. His work has been published in such journals as Surface &
Coatings Technology, Wear, Tribology International, and Industrial &
Engineering Chemistry Research. It has been presented at international conferences that include the World
Tribology Congress, International Conference on Metallurgical Coatings and Thin Films, and Plasma Surface
Engineering.Tomasz holds a doctorate in Tribology from Ecole Centrale de Lyon, France, and MSc degree in
Materials Science from Lodz University of Techogy, Poland. He spent two years in Alberta, Canada, working

as a Senior Scientist in Charter Coating leading material testing projects for oil and gas industry. Tomasz has
taught BSc, MSc and PhIBvel courses on tribology, surface engineering and theudsfl He was elected

Fellow of the Institution of Mechanical Engineers in London in 2014. He is a Fellow of the Institute of Physics in
London, where he acts as a Chair of the Tribology Group Committee. Tomasz has an editorial position at Taylor &
FrancisTribology journal and contributed invited book chapters on surface engineering anehmicinanical
characterisation methods.




Roles of Nanoparticles in formation oftribofilms

Hong Liang
Texas A&M University
hliang@amu.edu

Abstract: Tribofilms play vital roles in protecting lubricated surfaces in mechanical systems, such as vehicles,
manufacturing machines, and artificial joints. Those films are formed through tribochemical reactions under
mechanical contact in pcesses like mechanical mixing, sliding, pressurized loading, and at elevated temperature.
Recent research has reported that using nanoparticles as lubricant additives is an effective approach to enhance the
formation of tribofilms. To date, the undergdamg in physicalchemical principles behind the relationship
between nanoparticlenhanced formation of tribofilms and tribological performance remains to be limited. In this
presentation, we will start with a brief review of nanoparticles as lubricaitivedd The mechanisms of their

roles in friction reduction will be summarized. Followed by a case study of our recent investigation of the kinetics
of the formation of a tribofilm on a pair of rubbing bearing steels. In that study, strategiekityed!luminative
nanoparticles were used to track the tribochemical reactions resulting the change of properties of the tribofilm.
Finally, the effects of nanoparticle additives on the formation of tribofilms are found to display in three stages:
running in,reactive, and growtbf the film.

Keywords: tribofilms, nanopatrticles, in situ characterization, kinetics

Profile of Prof. Hong Liang

Dr . Hong Liang is Oscar S. Wyatt Jr. Pro
of Mechanical Engineering, Texas A&M ihersity. Her interests in tribological
research include areas of cheminachanical polishing (CMP), nanoparticles

and tribomaterials and their surface and interface properties. Professor Liang is a
co-editorin-chief for Tribology International and hasen on board of a few other
journals. She is a fellow of the American Society of Mechanical Engineers
(ASME) and a Fellow of the Society of Tribologists and Lubrication Engineers
(STLE). She is currently the treasure of STLE. In 20089, she was theSME
Swanson Fellow and served as assistant director for research partnerships for the
Office of Advanced Manufacturing at National Institute of Standards and
Technology.
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The influence of double cardan joints kinematics and quasstatic effects on
roll ing bearings life in railway traction motors

Viorel Paled, Shubrajit Bhaumik and Daniel Nelias

IMechanical Engineering, Mechatronics and Robotics De
lasi, 6263 Dimitrie Mangeron Blvd., lasi 700050pRania;vpaleu@tuiasi.ro
2 Tribology and Surface Interaction Research Laboratory, Department of Mechanical Engineering, SRM Institute
of Science and Technology, Kattankulathur, Tamil Nadu 603203, Isidigirajb@srmist.edu.in
3Univ. Lyon, INSA-Lyon, CNRS UMR5259, LaMCo0S,-69621, Francedaniel.nelias@ins&on.fr

Abstract: In order to estimate the service life of rofibearings supporting the shaft of a railway traction motor,

it is necessary to know the loads on these bearings, which is only possible by modeling the entire transmission
from the bogie to the engine (via the axle/gearbox and cardan shaft). The promtked for calculating the

loads acting on the motor shaft bearings and the method used to predict the life of the bearings take into account
the extreme conditions under which electric motors operate: variable loads due to double cardan joint
transmissios linking the drive shaft to the gearbox/bridge assembly, imbalance of rotating parts, and vibrations
and shocks.

Keywords: cardan joint; rolling bearing, railway; TGV; high speed train; traction motor; imbalance.

Profile of Dr. Viorel Paleu

]VIOREPALEU, Ph. D., joined fAiGheorghe Asachi
from Romania in September 1996. He received the Doctor of Philosophy degree in
Mechanical Engineering with Magna Cum Laudae distinction from the same
university in 2002. In the period 2002009 he accomplished all the stages from

assistant professor to associate professor at Mechanical Engineering Faculty of
AfGheorghe Asachi o Technical University o

During his Ph.D. and after, as a pdstctorate, he passed about 2 years at INSA de

Lyon in France, working on research projects with industry partners (ALSTOM
France, SNR France, SNECMA Parris, Microturbo etc.) and Ministry of Education
from France. He is the beneficiary of four international research grants, all of them

at INSA Lyoni Frarce: Tempus IMG, Socrates, Egide, and AUF grants. In addition, he is director of five
national research grants and member of the research team for over 20 research national and international grants.

He has published papers in the area of rolling bearingscation and lubricants, tribology, materials, machine

parts, data acquisition, diagnosis and signal processing, between the most representative papers being those
published in Smart Materials and Structures (2018), Tribology Transactions, Lubricai@nmtes Tribology
International, Journal of Cleaner production, Metals, Proceedings of the Institution of Mechanical Engineers, Part
J: Journal of Engineering Tribology, IOP Science, Matech Web of Conferences, Key Engineering Materials,
Applied Mechanics rad Materials, Materiaux et Techniques etc.

He has served on peer review panels for Elsevier journals (Tribology International, Mechanical Systems and
Signal Processing, Applied surface science) and MDPI journals (Materials, Sensors, Coatings, Entropy,
Lubricants etc.). He was chairman and member in scientific committees of many international conferences on
mechanical engineering (COMEFIM, ROTRIB, IMANE and ACME).

He was elected viepresident of Romanian Tribology Association (ART) of lasi, and vice gieasiand president
of Romanian Transmissions Association (ROAMET) of lasi from 2008 up to present.
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EHL of non-conformal contacts and isotropic surface textures

Dr. G. Rajaram
Thejo Engineering Limited
India

Abstract: Elastohydrodgamic lubrication (EHL) is the typical regime for friction pairs with elastic contact such
as ball bearings and gears. The geometry of contact, oil quantity, and viscosity of lubricant play a vital role to
characterize the behaviour of friction coefficiamtd wear. Machining the grind lines are a problem in critical
working surfaces on gears, splines, journals, crankshafts, bearings, camshafts and couplings. The surface
irregularities are causing the lubricant flow and the oil film thickness, which résuitstalto-metal contacts of
rolling elements and subsequent adhesive wears. The breaking of surface irregularity peak points in the
high-pressure contact region causes pressure ripples which induce fatigue failure.
The surface roughness parameter defithe wear life the neoonformal contacts. A strong interaction exists
between surface roughness and lubricant viscosity on the coefficient of friction in rolling contact.
The Supeffinishing is a process that creates a surface smoother than convemtamiahing. The honing, tape
polishing and super grinding are the fewperfinishing processes to achieve low surface roughness contact
surfaces.
The word 6éi sotropicd means uni for m i-periaidrraddoimed ct i ons .
surface texture. The existing super finishing techniques create a repeating periodic texture with directional scratch
marks or grinding lines. The advantages of the isotropic finishing process are as follows.

1 Improved the wear fatigue life of the riol§j contacts

1 Reduced downtimdess noisghigher energy efficiency

1 lower overall costsimproved lubrication
This lecture session also covers the following details.
E Effect of load, speed and temperature on COF with varying lubrication viscosity forrmahfand
non-conformal contacts.
Effect of COF on Specific film thickness paramet8rgnd Oil film thickness for smooth and rough surfaces
Bearing Fatigue life Vs oil film thickness
Chemically Assisted Surface Enhancerasptropic Super finishing Surfas
Conventional Vs Isotropic Super finishing Surfaces comparison

m m s m

Profile of Dr. G. Rajaram

Dr. Rajaram GanesanHead R&D Department is a highly qualified and well
experienced research scholar. He is having 20+ years of experience in industrial
and acdemic research. He has graduated from the University of Madras with a
degree i n Mechani cal Engineering and
specialization of Product Design and Development from the College of
Engineering Guindy (CEG), Anna university. Heslabtained his doctoral degree

from NIT Trichy. He has also done the pdsictoral research work in aluminium

foam material modelling at U.T.F.S.M, Chile. He served as R&D Manager at
National Engineering Industries Ltd, a CK Birla group. He has more msear
experience in Tribology, surface modifications, surface coatings,-Katerial
modelling, and castings. He has 12 research publications and 7 patents to his
credit. His Ph.D research work got a best research poster award by Material Research Sodiat(MRSI). He

has developed a polymbased lubricant for rolling element bearings, which has won ACMA GOLDEN
Award-Excellence in Technology in 2018. The products developed from his research laboratory fetches the top
innovative company in Cll Industtiénnovation Awards2017.
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Malaysian agricultural waste as new sustainable tribological materials

Mohd Fadzli Bin Abdollah
Fakulti Kejuruteraan Mekanikal, Universiti Teknikal Malaysia Melaka, Hang Tuah Jaya, 76100 Durian Tunggal,
Melaka, MALAYSIA.
Centrefor Advanced Research on Energy, Universiti Teknikal Malaysia Melaka, Hang Tuah Jaya, 76100 Durian
Tunggal, Melaka, MALAYSIA.
mohdfadzli@utem.edu.my

Abstract: Nowadays, many alternative technologies includén tfilm coatings, green lubricants, and
bio/ecematerials, which have been introduced for the sustainability of global need to conserve energy by
reducing friction and wear of components or parts. In Malaysia, oil palm and kenaf are two primary commodity
plants. Malaysia is one of the largest producers and exporters of palm oil worldwide, accounting for 11% of the
world's oil and fat production, and 27% of the world's oil and fat export trade. The palm oil industry produces a
tremendous amount of waste,nststing of about 90% of biomass waste and just around 10% of palm oil.
Meanwhile, the Malaysian government has taken the initiative to developta@sed products by incorporating

the upstream to downstream processing research and development intoie@mbmarketing activities. The

use of agricultural waste as a new composite or coating materials has also been found to be sustainable and
comparatively less expensive. It ultimately could utilize the waste effectively into wealth. Therefore, this has
inspired us to investigate the potential of oil paémd kenatbased waste to be new tribological materials, which
have potential uses in sliding bearings or friction materials in a variety of applications.

Profile of Dr.Md. Fadzli Bin Abdollah
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Mechanical Engineers, UK; member of Society of Automotive Engineers of Japan, Inc.; member of graduate
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Tribology of ecematerials and surface engineering. Fadzli has served the Tribology community in various
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On the correlation of wear behaviour with subsurface characteristics
of die steel

Dr. Debdulal Das
Department of Metallurgy and MatelseEngineering,
Indian Institute of Engineering Science and Technology,
Shibpur, Howrati 711103, West Bengal, India.
e-mail: debdulal_das@metal.iiests.a¢ debdulal_das@yahoo.com

Abstract: The wear resistance of a material is largely dependent on the dynamic changes that occur in the surface
and subsurface of a specimen during the course of wear; therefore, correlation of wear behaviour with subsurface
characteristics of worn specimens is of fundamental importance which has been treated in this article considering
a die steel. Dry sliding wear tests of hardened and tempered AlSI D2 steel specimens have been carried out using
pin-on-disc tribometer undevarying normal loadsHy) at a constant sliding velocity. Subsurface of worn
specimens have been characterized by optical and SEM examinations, XRD and EDX analyses, and
measurements of microhardness versus depth profiles. These are supplemented byatherizdiion of
microstructure and evaluation of mechanical properties of unworn specimens, measurements of wear rates and
morphological analyses of worn surfaces as well as generated wear debris. The obtained results assist to infer that
() under the imestigated wear test conditions, the wear rétg) (ncreases linearly witky, while the mode and
mechanism of wear has been identified as severe delamination, (ii) wear particles generated by fracturing of
featureless white (non) etching lay®VEL) which is found to form on the contact surface of the pin specimens
during wear under the combined actions of severe plastic deformation and high flash temperature with associated
phase transformation at highey, (iii) apart from theNVEL, the subsurfaces ofosn specimens also exhibit a work
hardened layer and a softened etempered layer; existence of these layers and their thicknesses are dependent
on the employedFy, and (vi) thickness of both wear affected zowg4 andWEL (twel) are found to increase

linearly with Fy. The obtained results unambiguously establish that wear rates of die steel exhibit linear
correlation with théwazandtweL in the severe wear regime.

Keywords: Adhesive wear; Wear transition; Delamination; Worn surface; Subsurfaces @ibiting layer.
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TENDULKAR AWARD 2009, IIM-ATM. He is a reviewer of over fiftynternationaljournals. He is a Life
Member of [IM, MRSI and IE(]).
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Researchadvances and development trend on magnesium alloys and composites

Dr. A. Elayaperumal
Professor & Head, Engineering Design Division,
Department of Mechanical Engineering,
College of Engineenig Guindy (CEG), Anna University,
Chenn&600025, Tamilnadu, India

E-mail: profelaya@gmail.com Ph: +927299007201
Abstract: Magnesium and its alloys have excellent physical and chemical properties such dansityw below
1.8 g/cn?, high strength, good shock absorption, large modulus of elasticity, good heat dissipation, high impact
resistance, bidnert, and recyclability, to have widespread applications in the fields of aerospace, transportation,
electronic biomedical and energy storage.

However, it is limited in many applications because of its poor plasticity and corrosion resistance. In the
past decades, lof researchhas been carried out on magnesium and its alloys to improve its suitable behavior fo
the wider applications. The research on magnesium and its alloys includes composition optimization, processing
technology improvement, and microstructural enhancement.

A comprehensive review about magnesium and its alloys has been presented undlenihg fireas,
(). Global presence and trends in magnesium research:

This topic highlights the important advances of magnesium and its alloys worldwide. This review also
analyses all the academic articles published by Journal of Magnesium alloys@o2€1318. From the web of
science core collections: database, it can be concluded that the total amount of literature containing magnesium
alloy in the topic is 39,422 papers from 268@18. The number of documents published annually ranged between
760 in 2000 to 3735 in 2018, representing a growth rate of 491%. This growth rate reflects the fact that magnesium
alloys have become the most common metallic structural materials in the world.

(ii). Techniques to improve performance of magnesium:

Magnesium as a unique performance on various fields of application. The efficiency of the Mg could be
improved by alloying, and material processing. Material processing produce refined grain size in the submicron
range and even nanometer range, which improvaséebanical and structural properties. Some of the secondary
treatments especially severe plastic deformation techniques are ECAP, ARB and HPT, which are reviewed for
AZ31 Mg alloy on the aspect of mechanical and tribological property.

(iii). Functional mgnesium:

This topic focuses the Mg based composite materials with biodegradable, biocompatibility and
mechanical properties. Magnesium alloys are bio compatible and biodegradable with suitable alloyed elements,
which are promising to be used as implargatmiedical devices and implants. Therefore, several investigators
designed on #vitro and inrvivo sudies of magnesium alloys armiming to find the better performing
biodegradable magnesium alloy. On other hand, functional magnesium is used for hytinaggn batteries and
electrical transmission. These topics are also discussed in detail. Hence, it can be concluded that the Mg material is
the promising future material and it confirms that Mg is th& &htury material.

Profile of Dr. A. Elayaperumal

Dr. A.Elaya Perumal is currently Professor and Head, Engineering Design
Division, CEG, Anna UniversityHe has completed Bachelors from CEG, Anna
University, M.Tech in Machin®ynamics from IIT Madrashe completed Ph.D
from Anna University Chennai. Hisrea of interest are Nano science and
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surface coatings. He has supervised ntben 10 Ph.D studentsle has vast
teaching and research experience. Completed many consultanegtpraprth
around more than 8@khs.
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Graphene: next generation lubricant additive

Mohammad Khalid
Graphene & Advanced 2D Materials Research Group,
School of Scienceral Technology, Sunway Universjtgandar Sunway, 47500
Subang Jaya, Selangor, Malaysia

Abstract: Friction and wearelated failures are the major concerns faced by the transportation sector.
Additionally, about 30% of the energy is wasted globally in overcomingritten. Therefore, developing new
additives with reliable tribological pperties, efficiency and durability are of paramount importance to the
transportation industry. Recently, graphene has attracted considerable attention from many fields due to its unique
lamellar structure, superior mechanical strength and excellent theomductivity. In this paper, we present
graphene as a novel additive for lubricating oils and discuss the tribological behaviour of graphene with various
functionalizations schemes. The lubrication behaviour was investigated usinglaliot@ster undr different
operating conditions. The graphene additives were characterized using field emission scanning (FE&EM), X
diffraction (XRD), UV-Vis spectroscopy and Raman spectroscopy prior to tribological testing. Friction test
results demonstrate thatetlyraphene concentration in oils varies at different tribological contact conditions to
reach the optimum lubrication behaviour. The lubrication mechanism during the shearing process was proposed
based on the results from tribological testing and wornmecaphology analysis.

Keywords: Graphene; Wear; Friction; Superlubricity

Profile of Dr. Mohammad Khalid

Dr. Mohammad Khalid is a research professor and head of Graphene and
Advanced 2D Materials Research Group at Sunway University, Malaysia. He has
comd eted his bachelorbés degree in Chemic
Technological University, India and MSc in Chemical and Environmental
Engineering from University Putra Malaysia. Later, he did his PhD in
Nanotechnology Engineering from Internatiorgimic University, Malaysia. His

research focuses on nanomaterial synthesis, heat transfer fluids, phase change
materials, energy harvesting and storage. More specifically, he is currently
working on solar energy harvesting using deep eutectic salts (&&5arbon
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Oil vs. grease behaviour in rolling/sliding contact§ On the beneficial thickener
effects:with a focus on wind turbine application

Balasubramaniam VengudusaiiyChristoph Sedlak Akshay Rajeel Pramod Almorg
Channabasappa HudedagadRieiner Spkek*
IKltber Lubrication Miinchen SE & C&G, Germany
2Kluber Lubrication India Pvt. Ltd., India
*Corresponding AuthorTel.: +49 89 7876 606-mail addressBalasubramaniam.Vengudusamy@kluetem

Abstract: Several different types of greases exist in the market and they generally vary by thickener type, base olil
viscosity and type, NLGI grade, oil separation and rheological properties. Greases are widely used in rolling
element bearings arttieir selection is generally made based on many factors including the type of application
(e.g. wind turbine bearings, automotive wheel bearings), operating condition (speed, load, mounting type,
temperature), environment (extreme low or high temperatumajd, dust), etc. Although greases have been in

use since many years, unlike oils they are much less researched and reported. As greases generally hold a two
phase thickener/base oil structure, they generally should possess properties of both of tpesentem
However, due to their complex composition and nature, grease selection has generally been made based mainly on
its base oil properties. Such an approach considerably ignores the potential benefits of thickener in greases.
Unlike oils, greases areported to form a very thick film at low speeds, which has commonly been attributed to
their thickeners. This could potentially influence lambda ratio, although not many have considered investigating
this in detail until recently. Another less exploredaais the friction properties of greases. For instance, friction
curves (Stribeck curves) of oils are well known whereas those of greases are not reported much. The thick film
formation at low speeds could potentially influence the shape of friction canddubrication condition of

greases might differ froihose widely reported for oils.

This talk will highlight some key benefits of thickeners and influences of base oil viscosity and NLGI grade on
film thickness and friction properties.

Profile of Dr. Balasubramaniam Vengudusamy

Dr. Balasubramaniam Vengudusangyaduated in Mechanical Engineering in
India, obtained his Masters in Tribology from ISM Dhanbad and PhD in Tribology
from Imperial College London, UK. He has been working in the field of wiippl

for over 18+ years. He is currently a Senior Research Tribologist at Kliber
Lubrication, Munich (Germany).
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Tribological investigation of White Etching Area (WEA) formation under severe
sliding condition in bearing steel

K Sreeraj and P Ratamar
Machine Design Section, Depart of Mecahncial Engineering, IIT Madras

Abstract: Wind energy is one of the promising renewable energy sources to run on par with the emerging needs of
the future. To accomplish this ambitious goal, critical issues ssitdbngest downtime and maintenance due to

wind turbine gearbox (WTG) premature bearing due to white etching area (WEAs) and cracks need to be
addressed. Gusty nature of wind causes wind shear, acceleration and deceleration, torque reversal, breaking, grid
fault and impact event all together imposes severe transient mechanical dynamic loading on WTG. Moreover, the
water and salt contaminations, electricity and bearing slip makes the lubrication of contact more vulnerable to
premature bearing failure due tgdnogen embrittlement. Extensive root cause assessment of failed bearings
identified two predominant driving forces 1) Mechanical stress induced and 2) Hydrogen enhanced premature
bearing failure. Despite decades of research, several theories were prtqodbd universal consensus of the
underlying mechanism is yet to be arrived. Hence, it is decided to investigate the complete sequential evolution of
WEAs formation using a novel developed dynamic loaddPiDisc (PoD) tribometer rig. Study of subsuréa
microstructural changetested samples has established the sequential microstructural changes such as clustering,
agglutination and deformation followed by dissolution of cementites to form WEA in the bearing steel. A
complete WEAs formation mechanissrproposed with the help of corroborative microstructure analysis. Besides
that an interesting synergic interaction between hydrogen enhanced and mechanicamidstoessWEAS drivers

were also established during this analysis. Subsequently, quaatitatights on the catalysing behaviour of the
individual and concurrent actions of drivers were elucidated. In addition to that the sequential evolution of
butterfly around the nemetallic inclusion from the primitive stage was revealed in pure slidingugin
metallographic investigation.

Keywords: Bearing steel, Dynamic load, Pam-Disc, Prenature fatigue, White etching
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He has 14 years research experience in the field of tribology and engine tribology.
His primary research interests are in the field of tribology, engine tribology,
gearbox design, wind turbine gearbox bearing failures, biotribology, multilayer
coatings, ionic fluids, wear modelling and developing new composite materials for brake applications. He has
published more than 25 papers in peer reviewed journals and 40 international conference proceedings including 1
patent as well. In his supervisiorPhD, 4 MS scholars and 15 M. Tech students were graduated and currently
supervising 7 PhD, 4 MS research scholars, 2 Project Associates, 1 JRF and 2 M.Tech degrees students. As sole
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He is a member in IMechE, IoP, STLE, and life time member in TSI. He is reviewer to various top journals
including Applied Surface Science, Mechanism and Machine Theory, Part J : Journal of Engineering Tribology,
Surface Coatings and Technology, Tribology International, Tribology Letters, Wear, etc.
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Nanolubricants dispersed with graphene and its derivatives: A assessment and
review of the tribological performance

Dr. Naresh Chandra Murmu
Surface Engineering & Tribology Division,
CSIR-Central Mechanical Engineering Research Institute, Durg&di3209, India

Abstract: Graphene is a pioneering discovery détbentury and has recently become one of the most studied
materials. Recently, researchers have been exploring the possibility of using graphene as a dispersion of
nanclubricants (a stable colloidal suspension of nanopatrticles in conventional lubri€adsht studies showed

the latest developments in the tribological properties of different types oflmancants dispersed in graphene

and its derivatives. Graphene derivatives include suffimeetionalized graphene, graphene decorated with
nanopartites, and composites of graphene and other nanomaterials. The tribological performance of graphene
nanolubricants were thoroughly investigated and exhibited improved performances as compared to the existing
lubricants. For the preparation of graphdr@sedaqueous lubricant, Graphene oxide (GO) was prepared from
natural flake graphite by modified Hummers method. The frictioreftioient of GO dispersion and the
graphitebased imported lubricant were measured with four ball tester according to ASTM D4 15Ghaveted.

The aqueous dispersion containing 0.1 wt% of GO showed best frictiefiicent of 0.04 as compared to the
graphite lubricant obtained from Henkel and AQNET Netherland. The frictigffmient of the 0.1 wt% of GO
dispersion was also measdrat various speed to predict the lubrication regime. It was found that the lubricant
showed best anti wear characteristic at 1000 rpm. Extreme pressure (EP) tests were carried out following the
ASTM D2783. The rotating speed was 1760 rpm and test durati@f sec. In EP test, last nerizure load

(LNSL) and weld point (WP) was determined. LNSL provide the extreme load carrying capacity of the WP is the
point at which the rotating ball was weld with the three stationary balls and the correspondisgkdbediiweld

point load.
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Lubrication performance of hydrostatic / hybrid textured fluid film bearings

Satish C Sharma
ProfessorPept. of Mechanical and Industrial Engineering,
IIT Roorkee247667 Uttarakhand
(E-mail: sshmefme@me.iitr.ac)n

Abstract: In recent times, use of textured surface bearings has emerged as an effective megnte ¢he
lubrication performance of the fluid film bearings. The concept of applying texture features over the bearing
surfaces are in fact taken after observing the existence of the special surface texture (scales) on the skins of marine
animals and pints. Use of textured surfaces have been reported to enhance the efficiency of fluid film bearings,
by improving the load carrying capacity and reducing the friction between sliding surfaces. Majority of studies in
the field of textured fluid film bearirgyare limited to mainly hydrodynamic bearings therefore, this presentation is
basically aimed to outline the research efforts undertaken so far in the area of hydrostatic / hybrid bearings and to
present some salient findings of studies related to textunddces concerning these class of bearings. To get the
numerical solution of textured bearings, solution of modified Reynolds equation is obtained using Finite Element
Method by taking into account the flow of lubricant through restrictor as consttaing with JFO/Reynolds
boundary condition. NewteRaphson method is used to solve the-hogar system of equation resulted due to
restrictor equation and different ndfewtonian lubricants. Published studies indicate that use of textured surfaces
enhancehe efficiency of fluid film bearings by improving the load carrying capacity and reducing the friction
between the sliding surfaces. Additionally, partial texturing is found to be an effective way of enhancing the
performance of fluid film bearings fromiew point of friction and load carrying capacity. The optimum bearing
performance can be obtained by selecting an optimum values of texture attributes.

Keywords: Surface Texture; Hydrostatic/ Hybrid bearings; FEM; Journal bearing.
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Three-body abrasive wear property of a quenched and norsothermally
partitioned steel

Chiradeep Ghosh
Research and Development Division, Tata Steel Limited, Jamshedpur183idia

Abstract: Ever since the pioneering work on conventional quenching and isothermal partitioning in steel by Speer
and his research group, the Q&P process has been receiving increasing attention. The resultant microstructure of
this process is esstally the martensite and retained austenite, where the latter occupies the martensitic lath
regions. This provides an exceptional combination of strength and ductility in lean alloyed steel. Without altering
the final microstructure and therefore, thegerties, a possible alternative of the above approach is quenching
and nonisothermal partitioning process, where the steel is cooled very slowly after quenching. In the current
work, an attempt has been made to process a low alloyed steel through ngianchnorisothermal partitioning

process. The wear property in this steel was measured using a drgdlseabrasive wear tester. There were no
significant differences in the wear loss was observed with the change in quench temperature for the samples
without hot rolling. However, an improvement of about 27% was detected when the same steel has undergone hot
rolling. The scanning electron micrographs illustrated that the worn surface of tra@lédtsample is relatively
smoother when compared with ts@mples without hot rolling. The possible reason for this smooth surface is the
result of the grain refinement and thus increased phase boundaries intbkedatondition. The plastic flow of

the deformed material gets hindered because of these bmmdad subsequently delays the debris formation,
thereby, reducing the wear loss.

Profile of Dr. Chiradeeep Ghosh

Dr. Chiradeeep Ghosh graduated from [IEST, Shibpur (Formerly known as B.E.
College, Shibpur) in the year 2001 and subsequently obtaised.fiech from
IIT, Kanpur in 2003. Then he joined the R&D Division of Tata Steel, India and
worked there for 7 years. In 2010, he went to McGill University, Montreal, Canada
for pursuing his Ph.D. degree. In 2013 after completing his Ph.D. he came back
and joined the same department of Tata Steel. In all these years, his areas of
research broadly include thermomechanical controlled processes, phase
h transformation and related phenomenon. Till date he has published more than 40
scientific papers in internatnal peer reviewed journals which include Progress in
Materials Science, International Materials Review, Metallurgical and Materials

\

Transactions A, Acta Materialia, Scripta Materialia,
current hindex is 17 and his total citations are more than 1100. He has also 9 granted patents to his credit. He was
t he r eclepniaadnSuzarmé Fatlel Gr aduate Fell owships in McGil.l Un

research. This is awarded annuallybyfhe c ul t y of Engineering to recruit ou

graduate degree programs. He is also the first recipient 6fth@ 1 81 AE MV i s i t fraomganihdestrialur e r 6
R&D in India. Till date, he has been the reviewer for 8 diffenatetrnational peer reviewed journals.
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Importance of the study in fundamental wear mechanism and data analysis
spatiotemporal mapping analysis

Kanao Fukuda?”
D MalaysiaJapan International Institute of Technology, Universiti Teknologi Médaygalaysia
2 nternational Research Center for Hydrogen Energy, Kyushu University, Japan
* Corresponding author: fukuda.kl@utm.my

Abstract: Tribology is an key technology in many innovative fields and countless researchers are struggling to
develop newaluable technologies all over the world. In these days, many technical approaches in the tribology

are made from the viewpoint of contiguous technical fields such as computational science, nano/micro
technologies, material science, bio/medieahnology physics, surface science, etc. because of being
interdisciplinary. These approaches are based on the latest knowledge in the each technical field and advance the
researches powerfully. Although the new trend of the research, which is introduced aladpritito provide

invaluable benefits to human society, there are some concerns that young researchers in this tide tend to have not
enough experience and knowledge in tribology itself. Consequently, experimental results of tribology tests in such

tide terd to be discussed using tribological terms such as mild wear, delamination, etc. as the vague concept
without their historical background.

This talk starts with the research history of adhesi\
Sasdads mutual transfer and growth model of wear part.
wear analysis by the author. One of the difficult events in the adhesive wear mechanism to explain is deciding

when and how a wear particle is genedatAlthough theunderstanding of this event iisdispensable for the

guantitative prediction of wear amount, it is left unknown until today. A spatiotemporal mapping analysis method

for the tribedata is demonstrated to show how it works to clarify thehamsism quantitatively and even
visualizesthe phenomena.

Keywords: spatiotemporal mapping analysis, trflata, friction, visualization
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Sustainableefforts through lubrication: balanced approach to
performance andenvironmental acceptability

Dr. T.C.S.M.Gupta
Senior Vice President, Apar Indtgs Limited, Mumbai

Abstract: Tribology plays a major role in conserving energy in transportation and industrial sector and also
bringing in the sustainability concepts based ordependent triangle consisting of machines/ materials/
lubricants lubriction practices and environmenfalotection ashe core.

The trends in transportation, urban mobility, manufacturing activity to meet the various sustainability
developmental goals needs innovation in product development, sustainable practices to inepgonadity and
performance of lubricants. While the transportation lubricants are governed by various performance standards
which are driven by stringent emission norms and corporate average fuel efficiency, most of the industrial and
metal working lubr cant s are highly specific to requirements of
Industrial and power segment applications are witnessing great shift from the type of materials used, compact
designs and high operatingads whichrequire lubricants with improved perfoance under demanding
conditions.

Challenges of developinthe lubricants suitable fointended applicationsnust include the knowledgen
compatibilitywith advanced material, minimal toxicity/impact to environment.

Sustainable lubrication efforts habeen directed largelg developingnovel typeof fluids suchas nano fluids,

ionic liquids, MQL, using variety of raw materials from renewable base stocks and additives etc. However, to
bring the measurable effect, Sustainable lubrication programmesdsimziude sustainable lubricants and
practices of lubrication programs by understanding the entire life cycle of lubricants in terms of formulation,
selection, storage, handling, contamination control, lubricant analysis and safe disposal by unugtsand
trends and industry best practices.
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Role ofbiomaterials for hip joint replacement applications

Amar Patnaik
Mechanical Engineering Department, MNIT Jaipur, India

Abstract: The field of biomaterials haturned into an electrifying area because these materials improve the
guality and longevity of human life. These biomaterials are used to make devices to replace a part or a function of
the body in safe, reliably economically, and physiologically acceptaidiener. But, the first and foremost
necessity for the selection of the biomaterial is the acceptability by human body. The most common classes of
metal materials used as biomedical materials are stainless steel, Cobalt chromium alloy, TitaniuGA&dd/Ti

Cobalt based alloys have been used for biomedical implants for a number of years. Biomaterials in the form of
implants (joint replacements) are also widely used to restore the function of traumatized or degenerated tissues or
organs, and thus improviea quality of life of the patients. The electrochemical corrosion behaviors of fabricated
implant alloy composites under NaCl solution by using potentiodynamic scan method. The corrosion
characteristic properties of the fabricated implant alloy compaaiéeismvestigated in terms of corrosion potential

(Ecom) and corrosion current densityqf). All these tests have been carried out as per ASTM standard. The
fabricated alloy composites used as implant are expected to be highly nontoxic and shouldsecdnga
inflammatory or allergic reactions in the human tissues and cells. Wear characteristics of these alloy composites
have been successfully analyzed using Taguchi experimental design scheme. Significant control factors affecting
the wear rate have he@entified through successful implementation of analysis of variance. This study will give

an idea for femoral head material of hip implant application but not direct replacement of human joints.
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Abstract: This paer deals with the finite element analysis of a fesiey hybrid spherical journal bearing systérhe

effect of different values of span angle on themring performance characteristics has been studifesl. modified
Reynolds equation for theybrid spheical journal bearing and &flow equation of the orificeestrictorhave been solved
using Finite element technigqlbg incorporating suitable boundary conditioAssource code in MATLAB software has
been developed in order to numerically simulate théopeance characteristics of the hybrid spherical journal bearing
system.The numerical simulation indicates thearing performance is greathfluencedby the variation in the bearing
span angleThe numerically simulated results reveal that the valueinimum fluid film thicknessand frictional torque

is increasedor larger value of bearing span andlée present work may be useful for bearing designer and academic
community.

Keywords: Finite element method; Reynolds equatiBpherical journal beang; Span angle

1. INTRODUCTION

Due to rapid technological advancements in last few decades, necessities the precise and accurate design of fluid
film bearings.Thesebearing have specific advantagas compared to circular bearingsich as seléligning
property andalsohave capability to support radial and axial 1¢&eB].

1.2 Methodology

Fig. 1 shows the schematic diagram of bearing system using orifice restiittefReynolds equation for hybrid
spherical journal bearing is given as4p
—3 —3
1 a(h . ,0p 1 d (h ap\ _
sin @ a6 (12,1751n 4 68) + sin®6 d¢ (12,{7 (34)) o
nok | on
2d¢ at (2)

The solution of the Reynolds equatisrobtained by GausSeidelmethod Newton-Raphson method is used for
handling the notlinearity occursin the system. A source code is develdpn Matlab software to studye
bearing performance.

yY Begring

X
8
Z

~Restrictor

Pump & Mator Assembly

Pressure Gauge Q:C

Pressure Relief
valve

Fig. 1 Schematic diagram of bearing system
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2 RESULTS AND DISCUSSION

From the Fig. 2it isseerthat the valuef 'Q reduced as the external load increases. Further, the higher value of
span angle provides enhanced value of@he. Fig. 4 depicts that value 6fY increases, as radial load increases.
Further, it may also be seen that the kigbalue of span angle results in the increment in valu& of

1 8.6
0=1,y=[90]"",a_b=0.258
0.9 8.2
0.85 [ = -
- 0.8 7.8 2=1y=[90]"a _
h o 11173.25,”}/\-73.'- /“
0.7 A w8(y=790] 7.4 A u8(y=790]
0.65 Boy=[110] 7.2 ’:Jyzz_qu“@
06 @@y=11357"0 . _= 3504
04 ) 06 0.8 1 0.4 0.6 JV. 0.8 1

Fig. 2 Minimum fluid film thickness "Q  with radial load & Fig. 3 Frictional torque with radial load

3. CONCLUSION

Largervalue of the bearing spamgle results in increase™ . The'l’f value increases for larger value of the
span angle. The bearing having span angle w filappears to be suitable from frictional tor<(tr_¢) point of

view.
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Abstract: The textured surfaces on the bearing significantly influence the performance of journal bearings. In this study
the influence of various geometric shapes of texture surface (rectangular, triangular, spherical, conical and circular) is
used to numericaflsimulate the performance of slot entry bearing. Finite element method is used to solve the Reynolds
equation. To compute the bearing performance characteristic parameters, a MATLAB source code basetSeidélauss
iteration method has been developed:ofnparative numerical analysis has been carried out for bearing with different
texture shapes and bearing with smooth surface. The numerically simulated results indicate that textured shapes affects
the bearing performance significantly. Thectangulartextured surface enhances the value of fluid fileamping
coefficient,frictional torque, minimum fluid film thicknesss compared to thather textured shapes

Keywords: Textured surfaces, Slot entry, texture shapes, Reynolds equation

1 INTRODUCTION

The bearing designers weriterested to fabricaterdered pattes of micro-dimples (surface texturing) on
bearingsurface as a results, remarkaklaprovements in théribological performance of bearings obtained

The performance of bearings depends on geemetic features (shape, size, orientation, density) of
micro-texturesand operating parameters (speed, lubricant) of the bearing sy[dte2psHamilton et al[3] was

the first ore to investigatehe idea of surface texturing in the form of miéneegularitiesin journalbearingsit

was noticedhat these asperiti@$fer anextra hydrodynamic lift ankkd to an enhancement bktload capacity of
bearings. This idea wasvestigated on the surface of various trigmirs such as mechanical seals, slider
bearings cylinder lines, journal bearings etc. Qamd his ceworkers[4, 5] examined the impact ofarious
textured shape like spherical, ellipsoidal, circular, elliptical, triangular and chevron on the performance of
gaslubricated slider bearing systerasd optimized each textured shapechgngingits geometry and density.
They oncluded that the ellipsoidal texture shape providegervalue of load carrying capacity, lowest friction
coefficient and improvement in the bearing stiffness. Tleepmmended that the usEspherical dimple shape

may be more costffective in terms bmanufacturing due to easier manufacture than ellipsoidal dimples. Brizmer
and Kligerman6] examined the effect of partial and full laser surface texturing on the values of load carrying
capacity and attitude angle of the journal bearing.

2 METHODOLOGY

The dimen®nless form of Reynolds equation for slot entry hybrid journal bearing operating in laminar and
incompressible flow regime has been expresséd]as

ramar T Tak mra 1o

TGt 11 pgiTt G
The mathematical expression of nominal fluid film thickness for smooth slot entrydhiglwinal bearing is
wittenas 'Q p AT O JOEI
The nondimensional fluid film thickness of slot entry hybridujmal bearing with considering theextured
surfaceis expressed asQ p OATI O JOET 1

3. RESULTS AND DISCUSSION

To verify the numerical simulation mettiology used in the present investigation, the developed MATLAB
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program has been validatéat the slot entry bearingith the available literature.
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Figure. Validation of slot entry journal bearing

The main objective of this study is to provide an usbthcomparison of commonly used dimple shapes for the
general case of fluid film journal bearings and obtain the optimum dimple shape foraemsed hybrid journal
bearings. In this study, five different types of textured shapes have been used iiealsgieular, conical,
triangular andectangular

4. CONCLUSION

Based on the computed results, it has been concluded that the nes¢anfjulatexturedshape inslot entry
journal bearing system provides significantly higher enhanceimé¢hné value®f coefficient of friction, bearing
lubricant flow, fluid film damping coefficientshan that ofother textured surfaces like circular, triangular
sphericaland conical shaped surfaces.
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Abstract: This work describes a theoretical study concerning the static performance of a hybrid spherical thrust bearing
compensated by capillary restrictorhe modified Reynolds equation govemithe lubricant flow in the bearing
clearance space together with the restrictor flow equation and appropriate boundary conditions have been solved by the
Finite EIl ement Met hodThestidndgscriBes the inflkkenage 6fthe axialeitidtyirajicaad

restrictor design parametér on the static characteristics such as load carrying capacity, friction power loss, lubricant
flow rate.The computed results indicate that to get an improved performance from a hybrid spheistdlehring, a

proper selection of the value of the restrictor design parané'(—eris essential.

Keywords: Spherical thrust bearing, Reynolds equatkinjte element methodRestrictor design parameter

1.INTRODUCTION

Hydrostatic/hybridspheri@l thrust bearingffers excellent characteristics such as sgifining properties and

ability to support both radial and axial load together wittexturedrelative motionPioneering investigation of
hydrostatic spherical thrust bearing can be foundhi work of Dowson[1], who analyzed the bearing
performance by considering the inertia effects due to rotation of shaft in his analyisstatic/hybridgspherical

thrust bearingffers a high potential for improving the performance of machine eleniemeent times Yacout

et al.[2] theoretically analyzed the effect of surface roughness coupled with centripetal inertia effects on the
behaviour of fitted and clearance type hydrostatic spherical thrust bdarihg.present paper the influence @ th

axial eccentricity ratio and restrictor design param#teron the static performance of a hybrid spherical thrust
bearing compensated with capillary restrictor is analysed using FEM.

2. METHODOLOGY

The Reynolds equation for the spherical thruesdring in the clearance is solved by using FEM and applying
Gal erkindéds technique.

Reynolds Equation:

— — Q% —— ——F

-— = (1)
Film thickness expression:
N p - Q&% )

Flow of fluid through a capillary restrictas given as

o0 of p nr €)

3. RESULTS AND DISCUSSION

Static characteristicsuch as load carrying capacity, frictipower loss, lubricant flow ratare numerically

31


mailto:nitinagrawal2012@gmail.com1*

computedfor spherical hybrid thrust bearings. Here for the conciseness of the paper only load carrying capacity is
discussed. Fig. 1 shows the variation of load carrying cap&0itersus restrictor design parameter for different
value of positive axial eccentricity ratie (). It is noticed that for lower value of operating eccentricity ratio (i.e.

- TU , the load carrying capacity is higher as compared to higloeméricity ratio (i.er- TE). This is

due to the fact that there is formation of convergence to divergence zone from pocket boundary to ambient
boundary resulting in negative pressure gradient and thus reduces load carrying capacity.

2.1

Capillary Retrictor
2 Ll e=1¢=300,=9
R, =05R, =1

e T

Cs 2

Fig 1: Load Capacity {.) Vs Restrictor design parameter (Fy )

This behaviour is predominant for higher eccentricity ratio. Further, it has been observed that the load carrying
capacity increases with increase in the value of restrictor design parameétshows negligible variation after
certain value of restrictor design parameter.

4. CONCLUSION

It has been observed that load carrying capacity is significantly affected by eccentricity ratio and restrictor design
parameter.
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Abstract: The present study deals with theoretical investigation on performance characteristics of hybrid conical
asymmetric holentry journal bearing compensated with capillary restrictor. Finite element appusiag Galerkin
technique and orthogonality condition has been used in order to tackle the solution complexity of developed
mathematical model. The obtained Horear system of equation has been solved using NeRé&phson method and a
suitable iterativescheme. The numerically computed results show that bearing performance characteristics gets

significantly affected at different sernbne angle. The study indicates that, 0 and® results in better performance
at higher value of sertione angle whil§ andY tends towards better performance at lower value of-semg
angle.

Keywords: Hole-entry, Conical bearing, FEM, Asymmniet configuration, Capillaryestrictor

1. INTRODUCTION

In technologicdly advancing erathe conicalbearings are widely used so as to have compactness of rotating
elementsThe design of conicdlearing has the flexibility to take up some amount ofédtiead in additiorto
transverse radial loaBue to the remarkable performance behaviour, these type of bearings can be used wherever
there is demand of reliable and predictable performance in both axial and radial diréatibimoto et al. 1]

studial the behaviour of hydrostatic conical bearugricated with water and reported that the optimum value of
spiral groove attributes provides much better begrerfprmance. Further, the hydrodynamic conical bearing has
been analysed with multiple wedger £valuating thestatic performance characteristics of bearing, which was
reported by Korneev2]. The present work deals with static adginamic characterigts of asymmetric
configuration of holeentry conical hybrid journal bearing system.

2. METHODOL OGY

The dimensionlessiodified Reynolds equatidior the lubricating film can be expressed as:

p ho_- T p == H] h O -
——— Q00— — Q00— — —Q
T OEM® T R

23

h
T

—x

1)

Thenondimensional lubricant film thickness for conical hybrid journal bearing is expressed as:

Q p OAIIO HOETAITO GORI @
The solution field domain is solved usi nbglsystenvf ( Gal er
equation:

<l
o
<l
Sac
<l
E:l
<l

"0 7 0
(3)

3. RESULTS AND DISCUSSION

In this study, the theoretical simulation of conibgbrid journal bearing has been performeddoynsidering
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Asymmetric configuratiomwf restrictor i.e6 supply holes have been providezhe at the top and other five at the
bottom of loading directionThe influence of axial load capacity, lubricant floate, frictional power loss and
stiffness and damping coefficient has been analysed by varying the radial load capacity at differeahsemi
angle. For brevity and conciseness, only variation of axial load capacity has been provided which is shown in Fig
1. It can be observed from this figure that axial load increases with increase in radial load. Also, with increment in
the values of sentone angle, the value of axial load capacity increases.

Fig. 1: Axial load (@ ) versus Radial load @ )

4. CONCLUSION

The semicone angléhas significant influence on performance characteristics of conical hybrid journal bearing
under asymmetric configuration of bearing
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Abstract: The objective of the present paper is to numerically study the performance of a porous hybrid journal bearing
system (PHJB operating undeturbulent flow condition. The Reynolds equation governing the flow of Newtonian
lubricant in the clearance space of porous journal bearing is solved by finite element method. The turbulent lubrication
theory proposed by Con ametcally simuate theipérformhnaes Thé Numericallysiedated o  n
results indicates that the bearing operating with turbulent flow condition provides the larger value of minimum fluid film
thickness. The present study is expected to be useful for acadenmwintynand bearing designers.

Keywords: Reynolds equation; Finite element method; Porous hybrid journal bearing system; Turbulent Regime

1. INTRODUCTION

The porous circular journal bearings find use in various industrial applications because theyraigyieksver

friction, good precision, and are relatively maintenance free. Howarth [1] carried out numerical and experimental
study of porous journal bearing for circular thrust bearing. Majumdar et ahef@jeticallystudied the stability of

rigid rotor in porous hydrostatic bearing system.

The turbulent flow of lubricant occurs under the conditions of high journal speed, small kinetic lubricant viscosity
(liguid metals, water, synthetic lubricants) and large bearing clearance. Hashimoto éheéqBjated the wear
behavior of the hydrodynamic journal bearings operating in turbulent and laminar flow condition.

The current work is therefore attempts to study the influence of turbulence flow condition on the behavior of the
PHJBs.

2.METHODOLOGY

The modified Reynolds equation governing the turbulent flow of Newtonian lubricant in the clearance space of a
PHJBs in the noni dimensional form is expressed by the following equai#8]:

- — - = = - = (1)
Fluid film thickness

The expression for fluid film thickness in ndimensional form is expssed as:

Q p OATO JOET )

Finite element formulation

The modified Reynolds equation (1), has been solved

fluid flow field domain has been repreged by using founoded quadrilateral isoparametric elements. The fluid
film pressure variation is assumed as linearly vary over an element as follows:

Ar B 00

Applying the Galerkinés ort htlegdowmgdg glabal systemmneduatiom isn o n
obtained:

m'Y »'Y ®'Y (3)

C

O 0
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3. RESULTS AND DISCUSSION

In this work,the performance behavior of PHJlBas been obtained considering the turbulent flow conditions. A
MATLAB based source code has been developed on the FEM solution technique to compute the performance
characteristics of bearings system.

Minimum fluid film thi ckness | .
Fig. 1 depicts the variation 0£2  with "Y for the influence of laminar and turbulent flow condition. It may be

observed that the porous hybrid journal bearing operating under turbulent flow condition offers the highér value o
"Q  than that laminar flow condition.
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4. CONCLUSION

It has been observed that the bearing operating under the turbulent flow condition operates at highéQvalue of
than that of correspondingly sillar bearing operating under laminar flow condition.
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Abstract: This work examines the performanaiehybrid slotentry conical journal bearing sgsh using finite element
analysis. This paper studies the influen€ariationin the valueof semicone angle on the bearing performance. Finite
element method has been used to solve the modified Reynolds equation for hykeidrglebnical journal karing
system. A MATLAB source code has been develdpeuder to numerically simulate the performance characteristics
the hybrid slotentry conical journal bearing. The numerical simulation shows that the bearing perforsradtezed by

the variationin the semicone angle. It has been found that the axial load carrying capacity and frictional iorque
increased for larger valug semi cone angle. The numerically simulated results presémtibés paper are expected to
bebeneficial to the academand bearing designer.

Keywords:Conical journal bearing, Serabne angle, sleéntry, FEM.

1. INTRODUCTION

Conical hybridjournal bearing has been widelgad in engineering application&part from that, precision
machining and selfuiding nature of tb conical bearing offrs various applications that drigh-speed rotating
machineryJathes, grinding

machinesetc[1,2]. These bearing amapable of suppdrtg simultaneously bottoad such as axial as well as a
radial load.

2.METHODOLOGY

Fig.1 showg the slot entryconicaljournal bearing along witthe coordinate system of bearinbhe bearing is
mathematically modeled for the slot to investigate the behavior of different performance characteristics of
bearing.

Slot Slot

Fig.1 Conical journal bearing

The malified Reynolds equation governing the lubricant flow through the conical bearing clearance is defined as

(3]

- — = ———
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3.RESULT AND DISCUSSION

Fig. 2 shows the variation d  with respect to radial load from Fig. 2 it maydieserved that the value of film

thickness is decreased with increase in the value of radial load .The valde ofs reduced for larger value of

semicone angle and The Fig. 3 show the value friction torque is increase with radial load fovdaugenf cone
angles.
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Fig. 2 Variation of Fluid Film Thickness (Q ) with Radial Load (& )
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Fig. 3 Variation of Frictional Torque ("Q With Radial Load (w )

4. CONCLUSION

The enhanced value of fluid film thickness is obserf@dsmaller value of serntone angles, and the value
friction torque is increase with radial load for larger value of cone angles.
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Abstract: A numeical approach is presented tonslate combined effect of pressure, temperature, roughness and
cavitation in hydrodynamic plain journakaring. Due to shearing action the temperature of the oil film increases in
hydrodynamic journal bearing. Because of rise in temperature, viscosity of the lubricant is reduced which in turn leads to
decrease in load carrying capacity of the film. Hencer better estimation of bearing performance,
thermoelastohydrodynamic (TEHD) analysis of journal bearing is essential. Finite difference method is used to discretise
the governing equation and obtain oil film pressure and deformation of bearing is olitpingtlience coefficient

method (ICM). The Reynolds equation and energy equation within the lubricant film and heat transfer within the bush
body is solved simultaneously. Effect of hydrodynamic roughness paramefeas) and sur face pattern pa
pressure, temperature, friction and oil flow are studied. Model program includes a numerical solution technique for
obtaining pressure and temperature of the lubricant fluid, the bush temperature. Results bat@rezbn compared

with the references and are in good agreement with it. There is marginal increase in deformation value with increase in
eccentricity ratio till 0.8 eccentricity ratio after that there is sharp rise in deformation for further ecyenattimst

Keywords: Thermoelastohydrodynamic (TEHD), Influence coefficient method (ICM), hydrodynamic lubrication.

1. INTRODUCTION

Hydrodynamic type journal bearings are consideoeole very important component of etttaing machinery. It
consistsof a stationary cylindrical bodgindrotating shafiseparated by a layer of lubricant that supports radial
loads The presenstudy analyzethe TEHD behaviour of a bearing operating under condition that tends to be
severeThe deform#ion of bush due to pssuretemperaturecavitation conditiomnd effect of surface roughness
are taken into consideration.

2.METHODOLOGY

Non-dimensonal form of modified generalized Reynolds equation which incorporates both
massconserving cavitation condition and surfaceghbness effect under steady-gtate condition is
given as,

aLh 8 1)
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The local film thickness is determined by taking into account the bearing geometry
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3. RESULTS AND DISCUSSION

Equations (13) are solved using Finite difference method by applying appropriate boundary conditions. The
influence coefficientfor calculating the elastideformation are obtainagingFEM. Figure 1 shows the Pressure

distribution along the circumferential direction at lodtkN & N=2000rpm Figure 2 demonstrates the effect of
eccentricity ratio on elastic deformation.
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Fig 1: Pressure distribution Fig 2: Elagic deformation

4. CONCLUSION

Performance characteristics such as maximum pressure, load carrying capacity, oil flow rate increases as
eccentricity ratio increase$Vhereasminimum film thickness, attitude angle and frictional variable decreases
with increase in eccentricity rati&lastic deformation increases with increase in eccentricity. Rtingh surface

with isotropic roughness patin generates lower frictiolgwer flow rae and higher load capacity as compare to
smooth surface.

5. DECLARATION

The work has not been presented elsewhere or not being consideration for presentation in any journal.
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Housing light-weighting and its impact on bearing performance(ID:T061)

Harpreet Singh Jeff Lubben, Jeremy J. Wagner
John Deere
*singhharpreet2@johndeere.com

Abstract: Drivetrain weight and stiffness plays a significant role in the vehicle performance. Housing Iisateréaof

the significant ways in which weight reduction can be achieved and whose impact can be studied on the performance of
drivetrain components. In the current work, impact of housing matdréaige from Grey Cast Iron to Aluminium is

studied onhe bearing performance. Simulations were performed to predict the impact of replacing the Grey housings
with Aluminium. Simulation results predicted reduction in the bearing life with the implementation of Aluminium
housing. Observations in the lab tesexairtline with the simulation predictions. As a technology development process,
efforts were concentrated on the bearing enhancements in such a way that the enhanced bearing life with the Aluminium
housing should be equivalent to the Nominal bearinguife the Grey housing. Based on the simulation predictions and

in collaboration with the suppliers, enhanced bearings were manufactured and procured. Eventual lab tests showed that
the combination of Aluminium housings and enhanced bearings, meet tigehtdesign goal.

Keywords: Drivetrain, Housing, Aluminium, Bearings, WeigReduction

1. INTRODUCTION

Over the last several decades the auto industry converted many iron castings and forgings to aluminium for
reduced vehicle weight and improved fuebeomy. Aluminium is one of the enablers to reduce weight without
significantly effecting cost. Offoad vehicles are faced with the same challenges. A reduced vehicle base weight
allows certain customers to carry more payload. This study addresses linegasahssociated with conversion of
structural castings from iron to aluminium. To achieve the goal, simulations and lab experiments were utilized to
come up with the best assembly with aluminium housings, which could provide the same bearing peresmance

it is currently observed with the application of Grey Cast iron housing.

2. METHODOLOGY

As an alternate of grey cast iron housing, aluminium housing was designed and deployed in the drivetrain
assembly. Comparative simulation, for the bearing livess wn for both grey and aluminium housings under
same design loads. In order to establish the concreteness of the simulation methodology, the two variants were
tested in lab, resulting in the outcomelime with the simulatiori depicting significant deease in the bearing

lives with the implementation of aluminium housing. To overcome the additional system deflection caused by the
aluminium housing, modifications were made in the migeometry of the bearing, which helped in better
distribution of thestresses and eventually helped in meeting the life goal.

3, RESULTS AND DISCUSSION

On one hand, implementation of aluminium housing helped in weight reduction, however, on the other hand, due
to the impacted stiffness, it led to increased system defled&ading to concentrated bearing stresses causing
bearing failure in significantly lesser amount of time. Deflection observed with the aluminium housing was
around 2.5X higher than the deflection observed with the grey housing,
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Aluminum

Grey Housing Housing

resuting in around 50% bearing life reduction. Bearing migemmetry was iterated to optimize the stress
distribution to achieve same life as it is observed with the grey housing and nominal bearing combination.

Eventually, with the enhanced bearing mounted the aluminium housing, the desired objective was achieved.

Aluminum Housing + Nominal Bearing

Aluminum Housing +
Enhanced Bearing

After 2X

more

hours No

4. CONCLUSION

Aluminium is a nice prospect for the vehicle weight reduction.
Stiffness plays a key role in the system durability.

Replacing grey cast iron straight away with aluminium hrhigot work, especially in case of heavily loaded
applications.

Bearing enhancements must be investigated to have optimum system performance.

DECLARATION
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Effect of non-Newtonian lubricant on the linear and nonlinear stability analysis
of the doublelayered porous journal bearing(ID:T0 37)

Shitendu Somg Sisir Kumar Guha
1 Department of Mechanical Engineerimgational Institute of Technology SikkirRavangla, South Sikkim 737139, India
2Department of Mechanical Engineering, Indian Institute of Engineering Science and Technology Shibpur, Howrah, West Bengal
711103, India
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Abstract: Present analysiinvestigated the rigid rotor linear and Horear stability of the doublayered porous
coupledstress fluid lubricated journal bearing by considering percolation effect of the additives into pores and interface
velocity slip phenomenon on the basisBefaversJoseph criteria. For linear stability analysis, effect of various design
parameters on the stiffness and damping coefficients are demonstrated and-lfoearotransient analysis, system
stability is determined by observing the locus of thenjalicenter and several trajectories of journal center locus have
been represented for different operating conditions. Till date, due to very few published work in this research field, the
results of the present study are compared with the traditional lflbritated porous bearing and found to be good
agreement

Keywords: Coupledstress, doubkayered porous journal bearing, percolation, transient analysis, velocity slip, whirl
instability.

A review on tribological performance analysis of multilobe journal bearing
(ID:TO50)

Mr. N. B. Ahire!, Dr. S. N. Shelk&
!Research Schol&Professor
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IMET 6 s | OBSVITChirecHoli, Kashik.
*Email of corresponding authomitinahire88@gmail.com

Abstract: New journal bearing designs are sought to meet the new requirements and these bearings are usually
characterized by their non circular cross section. In Alie bearing oil pressure is released by draining the oil through
thelobes. Thus, an optimum oil film thickness can be maintained while increasing the bearing load capacity. In view of
this, an attempt can be made to explore the effect of cavitation, mount angle and groove locations of different parameters
of bearing confjurations with nanoparticles using CFD technique. Rotating machines are required to run at high speeds
and loads, plain circular bearing is mostly replaced by some other bearings in many applications. As, the plain bearing
does not suit the stability reqaiments of higkspeed machines and precision machine tools. These conditions confront
the tribological engineer with many new problems. The major problem with hydrodynamic bearing is failure of fluid film
during the operation which may cause metal to neatact between journal and bearing surface which leads to wear

and friction which overheats the surfaces. Hence the power loss increases also it leads to increase the instability of the
fluid film in lubrication. Changing the bearing profile is one @& thethods to increase the stability of the fluid film. The
novelty of the proposed work is to investigate the influence in viscosity variation of lubricant due to nano particles on the
performance characteristics of lobe journal bearing. The major thinigh &re planned to be executed in the proposed
research are design optimization of lobe bearing.

Keywords: Multi-lobe journal bearing, optimization, nanoparticles.
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Effect of Eccentricity Ratio on Damping and Stiffness coefficients for Journal
bearing with flexible liner taking Micropolar lubrication (ID:T004)

Dr. Pikesh Bansal
ABES EC GZB
pikesh.bansal@abes.ac.in

Abstract: The current work aims at finding the effect of eccentricity ratio on stiffness and damping coefficients for
components of dynamio&ds along and perpendicular to line of centers. Modified Reynolds equation is generated for
hydrodynamic journal bearing considering lubricant as micropolar fluid. The effect of flexibility of liner is calculated
taking in to consideration basic theoryatésticity. Solution of the problem is generated using FDM Technique. Linear
Dynamic solution is generated using Perturbation Technique. Effect of eccentricity ratio on stiffness and damping
coefficients is calculated. Results of study are useful tomreds&a and design engineers working in this area.

Keywords: Modified Reynolds equatienournal bearing Micropolar lubrication

Limiting load capacity analysis of fgm texture bump foil journal bearing
(ID:TO13)

S Arokya Agustif* and TV V L N Rad
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*Corresponding author (Bail: agustinsmail@gmail.com

Abstract: This paper combines the texture profile on bump type foil journal bearing usingfalhcGraded Material

(FGM) in order to discover the journal bearingdés | imiting |
load capacity of texture bump foil journal bearing using FGM is presented. The theoretical model accentextre

profile on the foil surface with FGM and bump foil compliance. Distribution of pressure is calculated using high

operating speed bearing approximation. Results of limiting load capacity of bump type foil journal bearing are compared
for increasng texture bump height with FGM.

Keywords: Texture; Friction; Foil bearing; Load capacity; Functionally Graded Materials.

Performance behaviors of micrepocketed/textured tilting pad thrust bearings
(ID:T021)

J. C. Atwal, R. K. Pandey
Department of Mechacal Engineering, IIT Delhi, New DelklL10016 India
Corresponding author: jeewanatwal49@gmail.com

Abstract: This paper presents the performance investigations (min. film thickness, power loss, and max. temperature) of a

tilting pad thrust bearing by incporating three differentmicipoc ket s/ t ext ures on the padébés surf
method is employed to discretize the messserving Reynolds equation, followed by a solution of the system of

algebraic equations using a Newdiype method to callate the film pressure in the fluid computational domains. A

parametric study is carried out in terms of the mgroc ket s/t exturesd depth, circumfer
micro-pockets/textures to determine the optimum value of these Jpaokets/texir e s 6 attri butes. Based
dimensions of these attributes, performance parameters of three differenpotkats are calculated, and a comparison

with conventional plain and pocketed tilting pad bearings were done. It was found that the perfofrtiantkiog pad

bearing has significantly improved as compared to conventional pidipacketed tilting pad bearing.
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Investigating the tribological properties of HAp/Cu-HAp-POM composites
(ID:T0O16)

Anik Banerjeé?, Rajeswar Bangbpadhyay, Tanveer Ahamed Rohit Shubrajit Bhaumik
Tribology and Surface Interaction Resealahoratory Department of Mechanical Engineering, SRM Institute of Science and
Technology, Kattankulathur India 603203
*Email of the corresponding authornikbanerjeefkin@gmail.com

Abstract: In recent years, Polyoxymethylene polymer has shown immense potential in the medical field owing to its
remarkable properties like tensile strength, biocompatible nature, and thermal stability properties. The designing a
manufacturing of the POMN pin along with the interacting surface AISI 316L steel plate. The prepared samples were
thoroughly characterized by XRD, Raman spectroscopy, SEM, DSC, and optical spectrometer. The complete experiment
was conducted on a pon-disc tribometer. fie further elemental and microstructural analysis of the worn surfaces was
based on a neocontact profilometer, which indicated hydroxyapatite compound's role in reducing the friction and wear.

A plausible explanation of the mechanism émhancement of the tribological properties and details about the further
development of the project will be discussed during the presentation.

Keywords: Polyoxymethylene, Nanparticle, Hydroxyapatite, GHAp, Synthesis

1. INTRODUCTION

Hydroxyapatitea bioceramic material, is the main constituent for our bones and teeth [1]. This material is widely
available on earth in the forms of shells [2], scales [3], and corals . Polyoxymethylene used for the experiment is a
copolymer. POMC, a crystalline polynre has excellent friction and wear property and RONMopolymer shows

better thermal and mechanical stability. Also, being copolymer in nature, POM has a hexagonal crystal structure
making it more stable

2.METHODOLOGY

EggShell is with further additionfdH3sPO4 (diluted) and hydroxyapatite power is obtained. The pin is made out
of the polymer (Polyoxymethyler@) with nano HAp, and nano &dAp reinforced respectively in the provided
weight percentage ratios 0%, 1%, 2%,3%, 4%, and 5%.

3.RESULTS AND DISCUSSION
For HAp-POM-C composite experiment conducted on-pirdisc and the graph plotted in figl

For CuHAp-POM-C composite experiment was conducted on eopidisc and graph plotted according to fig2.
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Fig 1. Coefficient of friction of nHApPOM composkits
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4. CONCLUSION

From the above study, we can conclude-that

The coefficient of friction of 4%4HAp doped in Delrin in the dry condition is 21% lower
than that of pure Delrin.

The coefficient of friction of 1%4Cu-HAp doped in Delrin in the dry conditios around

50% lower than that of pure Delrin.

5. DECLARATION

The work has not been presented elsewhere or not being considered for presentation in any journal.
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Bio-tribological performance of medical grade UHMW Polyethylene based hybrid
composite for cartilage replacemen{ID:T0O65)

Omar Hussain*, Babar Ahmad, Shahid Saleem
Mechanical Engineering Department, National Institute of Technology Srinagar, Jammu & Kashmir, India
Corresponding author Ematimar_14phdl16@nitsri.ac.in

Abstract: Medical grade ultrdaigh molecular weight polyethylene (MHMWPE) is presently considered gold

standard in the orthopedic industry. It is commonly used as a load bearing spacer and cup liner for cartilage replacement
in synovial joints. The failure of the implant in these joints mostly occurs due to the wear of these polyethylene spacer and
cupliner. Therefore, to increase the wear resistance of these load bearing polyethylene components, 0.5%, 1%, 2% of
Al203 and 2% of vitamin C respectively is reinforced iRHMWPE by the hot press process. The role of these fillers

on the tribological propées of M-UHMWPE against Ti6Al4V countebody materials under dry and human serum
environment is assessed. Experimental trials were performed according to ASTM F732apracating sliding
tribo-meter (Pirondisc) at human body temperature of@7It has been observed that the friction and wear behavior of

the developed composites improve with increase in wt. % 6dx4dnd that the human serum offers better tribological
performance than dry sliding. The results obtained in this study have beemgtfipranalyses using various tribological
characterization techniques and worn surface morphological examination.

Keywords: Biotribology, Polymer composite, Friction, Human serum, Wear

1. INTRODUCTION

Medical grade ultrdnigh molecular weight polyethylenéM-UHMWPE) is used for TJR because of its
outstanding properties such as low friction, biocompatibility, good mechanical properties, chemical resistance and
high wear resistance. MHMWPE is the material of interest to many researchers in the field afpeics. The
desirable properties of MMJHMWPE makes it the material of choice for joint replacement prostheses [1].
However, improving the mechanical and tribological properties-@ffMMWPE is of great demand, as the debris
generated by the wear of the pethylene polymer results in the decreased mechanical stability of the material,
caused by continuous wear process, leading to artificial joint loosening, bone loss, osteolysis, and ultimately
effects the life of an artificial joint [2]. Therefore, incorpting of nanéefillers are extensively used to improve the
functional properties of MUHMWPE polymer composites. Although, the reinforcement method of-fikers

into a polyethylene polymer matrix has proven effective and has been documented in theelifgrd].

In the present study, an attempt was made to develop novel nanocomposites based on medical {pigtie ultra
molecular weight polyethylene filled with varying weight percentage of alumina nano powder and constant
vitamin-C concentration and thetribological investigations are deliberated. The tribological mechanisms have
been analyzed using Scanning electron microscopy.

2. EXPERIMENTAL

The tests were performed at a load of 46N and 52N, stroke of 4mm, frequency of 5 Hz and test duration of 60
minutes. The tests were reiterated three times and average was values are reported.

48



3. RESULTS

o I ory siiding — I ory sliding
- Human Serurmn Lubrication 8 -Iuman Serum Lubrigation

Wear Rate 10 mm3/Nm

0.5% 1% 2% 0.5% 1% 2%

AlLO, Weight Percentage AlLO, Weight Percentage

(a) (b)

Figure 1. (a) Wear rate of composite material at 46N load and (b) Wear rate of composite material at 52N load

4. CONCLUSIONS

The wear rate deeases with increase in load irrespective of the testing condition whether dry or lubricated
environment.

Human serum has shown lubricating effect as the wear rate has decreased as compared to dry under similar
conditions of load and frequency.

REFERENCES

[1].Liu T, Wood W, Li B, Lively B, Zhong WH. 2012. Effect of reinforcement on wear debris of carbon nanofiber/high density
polyethylene composites: Morphological study and quantitative analysis. Wear. 2358:326

[2]. Hussain O, Ahmad B, Saleem S. 2020. Analysigibblogical behavior of medicadrade UHMW polyethylene under dry and
lubricated conditions with human body fluids using Taguchi and GRA techniques. Journal of Thermoplastic Composite Materials.
28:0892705720941907.

[81.G¢rgen S, ¢ el i k ONhological Behaaior of MEMWPE thdirix comgosites reinforced with PTFE particles
and aramid fibers. Composites Part B: Engineering. 173:106949.

[4].Liu T, Eyler A, Zhong WH. 2016. Simultaneous improvements in wear resistance and mechanical properties of UHMWPE
nanocomposite fabricated via a facile approach. Materials Letters. 17G:17

49



El ectrochemical and biological behaviour
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Abstract: Pulsed laser deposition technique (PLD) is one of the methods to coat hydroxyapatite on 3%8is stiziel
and Titanium alloys implants which are used in orthopaedics and dentistry applications. In this study, Hydroxyapatite
(Hap) ceramics in the form of calcium phosphate

(Cap) were deposited -1I8Nb13Zg hyrthe pulsédtlasen depositiorantethar yThe céaled thin

film was characterised by-Fay diffraction (XRD), scanning electron microscopy (SEM) with Energy dispersive

spectroscopy (EDS) and atomigccnoscopy (AFM). The corrosion studies were carried out coated and uncoated samples

using potentiodynamic polarisation studies i n-ceatednul ated bod
samples on near b Tit an mersimgthdmlinssiynalated bosly fleid/(8BF)ufa bire daysh YRDi m

and EDS analysis confirmed the presence of HAP. The corrosion studies showed that the treated samples have better

corrosion resistance compared to uncoated substrates. The formation of apdtiéated samples revealed the

bioactivity of the Hapcoated substrates.HA®oat ed near b Titanium alloys provide hicg
substrates, which can be used for biomedical implant applications.

Keywords Hydroxyapatite, pulsed laser degition, corrosion, Fil3Nb13Ze

1. INTRODUCTION

Hydroxyapatite is a commonly used biomaterial which is frequently used in orthopaedic implants such as bone
and tooth implants because it resembles human tooth. It has also proven to be biologicalljpleomitiatthe

tissues. The aim of this work is to deposit hydroxy apatite coating over stainless steel by Pulse Laser Deposition
technique.

2.METHODOLOGY

The surface morphology of the deposited hydroxyapatite coatings was characterized using scanirong ele
microscopy and atomic force microscopy, while the phase composition of the deposited hydroxyapatite coatings

was determined using the-rdy diffraction methodThe bioactivity of hydroxyapatite coatings was investigated

by conducting immersiontesti si mul ated body fluid environment which

3.RESULTS AND DISCUSSION

A protectivecoating provides a barrier between the metal and the surroundings and so the corrosive chemicals
will have to diffuse througkhe pathwayswithin thecoatingto eventually reach the metal and initiateorrosion
reaction.Thus agood protective coating such as hydroxyapatite can significantly extend the usefukliéétam
metallic part

4. CONCLUSION

Comparing the results of coated stainless steel and uncoated stainless steel it can be said that the coating greatly
improves the efficiency of the implants.

5. ACKNOWLEDGEMENT

First and foremost, we express our he#rtfatitude to ouChancellor Shri. T. R. Paarivendhar, we also thank the

50


https://www.silcotek.com/coating-properties/corrosion-resistant-coatings
https://www.silcotek.com/coating-properties/corrosion-resistant-coatings

Head of the Department of Biomedical Engineering, Dr. Varshini Karthik, for her invaluable guidance. Finally,
we thank the department of Mechanical Engineering for allowing us tticipate in this International
Conference.

6. DECLARATION

This work has not been presented elsewhere and is not being considered for publishing in any other journal.

51



Mechanical behaviour of Hydroxyapatite dispersed Sulphonated
Polyetheretherketone basd composite membrane at microstructural lengthscale
(ID:T028)

Tanmoy Chakraborty”, Sunit Sarkds Bhabatosh BiswasShubhabrata DatfaArijit Sinha”
IM N Dastur School of Materials Science and Engineering, Indian Institute of Engineering $cigri@ehnology, Shibpur, Howrah
711103, West Bengal, India.
’Department of Mechanical Engineering, SRM Institute of Science and Technology, Kattankulathur, Chengalpattu 603203, Tamil
Nadu, India
Email: tanmoychakraborty1978 @gmail.ctinsinharijit@gmail.com*

Abstract: The proposed work involves the synthesis of a sulphonated polyetheretherketone (SPEEK) membrane with
enhanced properties obtained through reinforcement ofpaatitde like nanehydroxyapatite (nHAp) in optimal
proportion to develop a suitable implant material for-jpipt. nHAp, a ceramic reinforcement, renders mechanical
strength to the composite and enhances its biocompatibility. SPEEK exhibits betteathesriactions withOH group

of HAp and also prevents its migration from implant location and subsequent interference with the body metabolism.
nHAp powder, synthesized through wet chemical route, was analyzed using XRD to determine extent of tyrystéllini

FTIR characterization confirmed presence of hydroxyl group. Extent of agglomeration was determined through SEM
analysis while EDS Analysis produced Ca/P ratio closely resembling human bone. FTIR analysis of SPEEK/nHAp
composite membrane was doneuttderstand the effect of sulphonation. The surface morphology of the synthesized
composite showed desired level of surface roughness and wide dispersion of nHAP fillers with minimum agglomeration,
with average particle sizes of around%D nm. The compo® membrane appeared to have been well wetted by the
polymer matrix indicative of improved mechanical properties. The bulk mechanical property, i.e. tensile strength of the
composite membrane proportionally increases with filler content up to 8 wt. %edncks thereafter owing undercuts

and undulations inflicted during membrane cutting or due to presence of micro voids. In the current investigation the
mechanical properties viz., nanohardness, reduced modulus, elastic recovery and wear rate, wegk &viieate
submicron range using nariadentation technique under degtbntrolled mode to corroborate efficacy of the
synthesized composite.

Keywords: SPEEK, nHAp, tensile strength, namalentation, wear rate,

Study and optimization of wear characterisics of PLA/PMMA biopolymer
compositeg(ID:T033)

T.Gopi, K.Duraivelu

Abstract: Poly Lactic acid (PLA) and poly methyl methacrylate (PMMA) biopolymer has been synthesized by single
screw extrusion process. The prepared PLA/IPMMA biopolymer composite is uitablesfor bioimplants and medical

guides; the wear behavior of the composite material plays a vital role in concern with its applications in medical
industries. The mechanical characterizations like tensile strength , compressive strength resulthattieaksddition

of PMA to the PLA leads to increase the mechanical strength (tensile strength, compressive strength etc.,) of the
specimen.

In this study, the specimens with different blend ratios have been subjected-do-digt (POD) apparatus (in

accordance with ASTM standards) to evaluate its tribolgical behavior. Sliding velocity, applied load, sliding distance has

been chosen as key parametric values for this study. Fheéicient of friction and wear rate has been studied under
differentpaa met ri ¢ condi ti ons and the results have been presented
were used to identify the effects of sliding velocity, load and sliding distance over on the tribological behavior of the

composite specimens. The adulitiof PMMA to the PLA exhibits the wear governing mechanisms such as adhesion,

abrasion, softening has been identified.

Keywords: Pinon-disc, Bio polymer composite, Wear rate, Co efficient of friction.
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Wear evaluation of Polycarbonate Urethane core foartificial disc in lumbar
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Abstract: The wear on the hard polymeric bearing materials used in the replacement of intervertebral disc with artificial
disc has caused changes in load transfer during range of motion of spine segment. Polycarbonate urethane (PCU) is a soft
bearing material hagained popularity as an alternate to hard bearing materials such as Ultrahigh Molecular Weight
Polyethylene (UHMWPE). However, it is not proved so far that a soft bearing material can be suitably used for long term
with high resilient in artificial disc @acement. The present study was aimed to evaluate the wear performance of PCU
bearing material against a metal endplate to find out the suitability of using PCU as a bearing material for a long term
performance. The wear study was performed in the LiReaiprocating Tribometer (LRT) with the loading of 150N and

stroke length of 20mm. The wear rate was measured based on gravimetric changes due to wear and the microscopic
analysis of the bearing surface was performed to characterise the type of wearat@tial loss for the PCU samples

appears to have been at least 24% lower than for the UHMWPE. Based upon these results, the PCU material seems to
have potential for use as an alternative bearing material to UHMWPE for intervertebral disc replacement.

Keywords: Polycarbonate urethane, UHMWPE, Wear, intervertebral disc

Al based design of hybrid UHMWPE composites with enhanced tribanechanical
behavior (ID:T059)

A. Vinothand Shubhabrata Datta
Department of Mechanical Engineering, SRM institute of ScienceTechnology, Kattankulathur, Chennai
603203, India

Abstract: The current trends in the practice of utiigh molecular weight polyethylene (UHMWPE) composites show a
major role in the improvement of acetabular cups in hip prosthesis. This study e&mphdke trial to design and
development of UHMWPE composites by integrating various micro and nanoparticles as reinforcements for enhanced
performance. It is difficuldt to find an optimum combinati c
attempts because of its intrinsic complexity and may lead to disbursing lot of time and money. Thus, a data driven design
approach is implemented exploiting the Atrtificial Intelligence (Al) techniques like artificial neural network (ANN) and
genetic algorithn{GA). Experimental data relating the use of UHMWPE reinforced with carbon nanotube, graphene,
carbon fiber and hydroxyapatite are collected through published literatures to contemplate the relationship between the
volume fraction and the morphology ofetiparticles with the properties of the composites using ANN modeling and
sensitivity analyses. The optimization studies are done using GA on making use of the developed ANN models as the
objective functions to find the optimum combination of reinforcemenéchieve enhanced mechanical and tribological
properties of the composites. This Al based approach of designing the UHMWPE composites will pave a way for further
experimentation and in use for the hip prosthesis.

Keywords: Hip joint, UHMWPE, hybrid compsite, coefficient of friction, wear rate, mechanical properties, artificial
neural network, genetic algorithm.
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Temperature and load Influence on adhesion wear in dry sliding contact in
vacuum condition(ID:T0O71)

Basant L&, Abhijit Dey®, M.F. Wanf
abcCenter of Advanced Tribology, National Institute of Technology, Srind§a66, India

Abstract: Even at high temperature and corrosion resistane@AIF4V is one of the most commonly used engineering
materials offering good strength and toughnBgsearch on high temperature tribology relating to hot stamping and in
general has grown significantly over the last few years. Adhesion and abrasion have been identified as the most prevalent
wear mechanism in the tribological system of high temperatutethere is still inadequate understanding of the
mechanisms in depth. Therefore, the aim of this work is to get a deeper understanding of the tribological phenomena
associated with adhesion and abrasion at high temperatures. In this study, high teenpebatogical tests of
Ti-6Al-4V sliding against SS316L were performed using agphulisc system under unlubricated conditions at five
different temperatures ranging from 25 to 400 OC, three different loads: 13.7, 68.7 and 109.9 N (contact presdures of 2
and 6 MPa respectively) and a sliding speed of 0-5n&canning electron microscopy / energy dispersive spectroscopy
(SEM / EDS) techniques were used in order to classify the resultingsudiaces. The coefficient of friction usually
increased as Itlotemperature and load grew as a result of fidlyers creation. The compaction and oxidation of the wear
debris at temperature above 2000C contributed to the creation of a mechanically mixed layer asatetyezoat.
Consequently the wear rate decedat elevated temperature for both products.

Keywords: Wear mechanisms, tribo layer -6Al-4V

Wear performance ofUHMWPE and PCU artificial disc materials (ID:T103)

J. Daniel Glad Stephen, M.Prakash, Nirab Kumar Das, Shubham Shukla
Department of Mednical Engineering, SRM Institute of Science and Technology, Kattankulathur, GH&0B203

ABSTRACT: Artificial disc replacements are used in Total disc replacement (TDR) procedures as an alternative to
Lumbar Spinal Fusion, to treat degenerative disealies (DDD). Artificial lumbar disc devices have a core that typically
uses Ultrahigh molecular weight polyethylene (UHMWPE) but in recent times a new material, Polycarbonate Urethane
(PCU) has been proposed and is being used in a few commerciallybbvdiaices. These two materials by virtue of

their biocompatibility, chemical stability and load bearing capabilities have become good alternatives to closely
replicate the functions of natural intervertebral discs. To further enhance the thermal, ioa¢cnaoh tribological
properties of UHMWPE and PCU, various reinforcements are used. UHMWPE typically-Hgethgdroxyapatite) to

reduce wear rate and coefficient of friction, TiO2 and Al203 increases crystallinity, and increased hardness, wettability
and decreased coefficients of friction are observed in serum and saline UHMWPE reinforced with ZrO3. For PCU,
UHMPWE fibres, silicone elastomers, HA and Polyhedral Oligomeric Silsesquioxane (POSS) finds usage. In this paper
we study and survey the availaliterature on the web about the different disc replacement devices made of UHMPWE
and PCU and draw a comparison between their wear performances.

Keywords: Atrtificial disc replacement, UHMWPE, PCU, wear
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Tribological investigations of biological interfaces: from cartilages to catheters
(ID:T0Q7)
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*Corresponding author:
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Abstract: Tribology of biological interfaces has a human factor associated with it. Be it the lubricating effect of eye
drops, or fluids injected at joints, or development of healthier food and beverages, will only improve our quality of life.
The current article putgether investigations carried out on various-thimological interfaces ranging from ocular
system to cartilages, and catheters used ambitical devices. The biggest challenge during these investigations is to
find appropriate surrogates for biomadés and designing of test methodology to predict the behavior of the material in

its reatlife condition. This article also presents a case study wherein different surrogates for cartilage were investigated in
order to find a suitable material for ksiale testing.

Keywords: Bio-tribology, Extended Stribeck Curves, Cartilages, Catheters

New polycaprolactone polymer coated magnesium biodegradable alloy for
cardiac stent application(ID:T068)

S.Gnanavé] K.R.Harinivag, B.Sathyamoorthy S.Livinestf, S.Sobana SHri

L234&Department of Biomedical Engineering, SRM institute of science and technology, Chennai, Tamilnadu, India
Email of corresponding authagnanaves@srmist.edu.in

ABSTRACT : The roles of biodegradable materials have been incgedaimto its promising and improved features than
conventional materials used for biomedical implants. Thus the need for developing a better biodegradable materials
necessary which could deliver better properties for the implants . This present studyo aiieéelop a better
biodegradable material where magnesium alloy-BA%¥ chosen as the substrate is suraoglified by annealing

followed by a chemical treatment and then PCL (poly (hexaleetone)) having 12% N Dimethylformamide and
Dichloromethane antent is coated over the modified surface . The coating of the polymer over the sample substrate is
done by electrospinning.-Kay diffraction (XRD), field emission scanning electron microscopy (FESEM) and Fourier
transform infrared spectroscopy (FTIR)aexinations demonstrated fruitful surface alteration and affidavit of polymer

over the substrate. The defilement lead of the models was investigated through soaking gathers in impersonated body
fluid (Hank's answer) . Narstrong PCL covering got togetheitivsurface change is apparently a promising procedure

to tailor the degradation and improve the utilization impediment of Mg composites which can be used as a prevalent
material for biomedical additions. PCL Coated example of Mg combination is moredfite than the uncoated
example. The corrosion studies revealed the coated sample is good corrosion resistance. Cell culture study shows the PCL
coated sample has higher compatibility than uncoated samples. Hence, PCL coated Mg biodegradable impiasts increa
the lifespan of human system.

Fig.1.PCL coated Mg alloy

Keywords; Magnesium alloy (AZ31) , Electrospinning ,Biodegradable implant, Polycaprolactone.
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Ferrography 1 Specializedoil analysis for protection and diagnose gea& bearing
detoriation (ID:TO15)

Hemant Bafi, Atul Deshpandé, Suhas Patif
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Adani Dahanu Thermal Power Station,2x250 Mw, Dahanu, Mumbai, INDIA.
Themant.bari@adani.cqofatul.deshpande@adani.ctsuhas. patil@adani.com

Abstract: Adani Dahanu Thermal Power Station (ADTPS) is one of the best power generation plant in India. Recognized
with innumerable awardshis power plant is known for its distinctive features that set it apart from others in terms of
technological innovation, international performance and sustainability for a longer period. Plant has strategically adopted
Lube oil & grease monitoring progm as one of the key Condition based maintenance management practices.
Equipments are prioritized for close monitoring on basis of criticality index to ensure high plant availability by
ascertaining health of equipments. Ferrography oil Analysis is nopds evaluation of wear particles identifies the

type & severity of wear and generation mode which helps in understanding source of wear commpineaper shares
success story of Implementation of Condition Monitoring techniques at ADTPS, whereinRddircer Gearbox
Bearing & Gear wear of Coal Mill 2AB was detected. Ferrography oil Analysis helped in diagnosing exact root cause of
abnormity well in advance enabled Maintenance Engineers to decide whether to replace the oil or equipment parts
avoiding dwntime of critical equipment. This case study has clearly demonstrated that Lube oil testing is vital technique
in rotating machinery analysis & detection of abnormality at early stage even no deviation in Vibration, Acceleration,
Distress Level parameterThis has saved plant from huge losses in terms of generation, unplanned breakdown and
associated maintenance & spares costs.

Keywords: Ferrography Analysis

1. INTRODUCTION

Following is a success story of the Implementation of Oil Condition Monitoningram at ADTPS, wherein
imminent Detoriation of Main Reducer Gearbox Intermediate & Output Gear bearings of HT auxiliary Coal Mill
2AB was detected.

2.METHODOLOGY

Wear debris analysis (Ferrography) report stated that wear particle concentrationaNie@eviated from 586

to 1219 against limit value as 1000 WPC with Gear wear particles of size ranging up to 24 microns & bearing wear
copper alloy particles of size ranging up to 72 microns. Meanwhile, Main Reducer Gearbox Vibration,
Acceleration, Distess level, Noise & Ultrasonic readings taken. No deviations noticed. Decided to keep under
close monitoring. As per Ferrography report recommendations, Main Reducer Gearbox internal inspection done
& Output bearing clearances found on higher side as 0.5agaimst limit of 0.3 mm. Also, Micro pitting on

rollers & scoring marks on inner race observed on intermediate bearing.

ANALYTICAL RESULTS
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3. RESULTS AND DISCUSSION

During through inspection of Main Reducer Gearbox, minor looseness noticed in Intermediate Gear $pacer. N
abnormality noticed for Input & Output Gears. During maintenance work, Intermediate Gear & bearings replaced
with spare one. Both output shaft bearings replaced with new one. Oil filtration done & put in service again. After
maintenance work execution,0@ Mill trial taken. Main Reducer Gearbox Vibration, Acceleration, Distress
level, Noise & Ultrasonic readings found within limit. After filtration, impurities level in oil reduced from 0.24 to
0.10 %.

4. CONCLUSION

Coal Mill is an important auxiliary uskto pulverize coal to required size for efficient combustion in boiler. Since

Mill supplies coal as fuel to boiler, the reliability needs to be very high. It is very critical auxiliary in process as
failure of the same directly affects to the generatims Which costs revenue of around Rs.4 Lacs per hour. This
case study has clearly demonstrated that Oil Condition Monitoring is a vital tool in rotating machinery analysis &
detection of abnormality at early stage even before deviation to be reflectdlora@tion, Acceleration, Noise,
Ultrasonic, Distress level & any other process parameters. High Wear Particle Concentration with presence of
copper alloy particles of Main Reducer Gearbox oil analysis initiated a visual inspection & suspected for bearing
detoriation with diagnosing root cause of abnormity in advance & timely action avoided major Gearbox repair due
to secondary damage.

5. ACKNOWLEDGEMENT

This case study demonstrated that Routine Oil Condition Monitoring (OCM) identifies small problems within
machinery components before they become catastrophic failures that can incur costly repairs & production to a
halt even before deviation to be reflected in Vibration, Acceleration, Noise ,Ultrasonic, Distress level & any other
process parameters.
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Vibration damping using MR fluid assisted worktable for drilling (ID:T017)
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Abstract: Vibration produced while machining a components is annoying and discomfort epetegors. If it is not
damped properly, it reduces the machining performance. Magnetorheological fluid is type of smart fluid which changes
is viscosity while under the influence of magnetic field. It has wide applications in dampers. In this pagent w
Magnetorheological fluid assisted smart worktable is designed and fabricated to damp the vibrations produced for drilling
process. Finite Element Method Magnetics (FEMM) is used to optimize the design of tidenib is kept over smart

table andibrations produced on drill table while machining is measured using an accelerometer through DAQ Lab View
software. The vibrations occurring in the drill table with and without the Smart table are compared. There is a significant
reduction in the vibratios of the drill table, when the Smart table is installed. The analysis of data is done using
MATLAB. Also the thrust force present in the drill process is determined experimentally.

Keywords: MR fluid assisted table, MR Fluid, Vibration damping, DAQ, D

1. INTRODUCTION

Machining vibrationscorrespond to the relative movement between the work piece and the cutting tool. The
vibrations result in waves on the machined surface. This affects typical machining processes, such as milling and
drilling, and a typical machining processes, such as grinding. But in practice it is always difficult to avoid
vibrations and hence it should be damped for better performance. Other than conventional methods of damping,
Magnetorheological fluid (MR) assisted deviceshwiariable stiffness can be used for controlled chatter
suppression. MR fluids a type osmart fluid which consists of a carrier fluid, usually a type of oil with carbonyl

iron particles of micron size. When it is subjected toagnetic field, the fld greatly increases itpparent
viscosity, to the point of becomingviscoelasticsolid. Importantly, the yield stress of the fluid when in its active
("on") state can be controlled very accurately by varying the magnetic field intensity. Hence, t#Rafigi

mainly used as dampers. Few researchers developed separate MR devices for damping tool vibrations while others
developed MR assisted fixture for boring and deep drilling operations. In this present work, a new MR fluid
assisted table is designed dabricated , which supports the work piece while its get machined . By the influence

of varying current, the MR fluid become viscoelastic and dampens the vibrations.

2. METHODOLOGY

The proposed design of the MR table consists of a head plate, adtasa plobbin and an-khg. A clearance of

2mm exists between thegection of the head plate and the base plate. The MR fluid is kept in this clearance. A
copper coil is wound around the bobbin which acts like a core. The current is passed througihaht the
magnetic field produced forces the fluid to become viscous. This reduces the vibrations present in the drill table.

The electromagnets in MR table was designed based on the simulation done using Finite Element method
magnetic (FEMM) softwarel' he material chosen was mild steel for the head plate, the base plate and the bobbin
which act as a core. Copper wire was chosen to be wound around the bobbin and the dimensions were chosen
according to availability, design constraints and ease of assefulgrdingly, the three types of coils were used

while simulating 18SWG, 24SWG and 36SWG. 18 SWG has a diameter of 1.2mm, 24 SWG has a diameter of
0.55mm and 36 SWG has a diameter of 0.19 mm. The main objective of this simulation is to determing the coil
and the number of turns around the bobbin and the maximum amount of current, to produce the correct magnetic
field around the MR Fluid.

A magneto rheological fluid of composition comprises2D% by weight of castor oil as a carrier fluid and
80-90% by weight of magnetic sensitive particles coated with magnetic sensitive particles stabilizer and dispersed
in the carrier fluid as prepared and used for this study.

The entire MR Unit fabricated as per the design was finally interlinked such that th8asis plate at the bottom
,Bobbin is given a tight fit inside the slot provided for it to fit in and then tack welded. Then the insulated rubber
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covering was placed inside theSlot of the Head plate. Finally the Slotted Head plate is seated inside the
U-Slotted Base plate with a certain area left for the fluid and the coil winding. In this way the entire setup is
assembled

3. RESULTS AND DISCUSSION

The work piece is fixed on MR table and the accelerometer is attached to the drill table, and is ctmtieeted
DataAcquisition card. The DA card is connected to the USB port of a computer, on which the data is read in the

LAB View software. The accelerometer being used measures longitudinal vibrations and so care must be taken
regarding the position of tleccelerometer. As the drilling is started on the job, the data on the Lab View software
shows the graphs of the vibrations induced in the dri
acquired for the given time period and the dataasl to a text file and plotted as in Figure 1
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Figure 1 Vibration damping during drilling operations on MR table with presence and absence of MR
fluid

4. CONCLUSION

A brief study on MR fluid assisted worktable was done. Thdimyibperation was conducted with and without

MR fluid unit, on a radial drilling machine. The experiment was conducted at 600 rpm and 800 rpm with 6mm,
10mm drill bits and the vibrations transmitted on the work table were acquired using acceleromegeM RIS

unit there was considerable decrease in the vibrations which can be observed from the amplitudes of acceleration
obtained using LabView software. Hence the properties of MR fluid are verified and used to dampen the
vibrations.
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Abstract: In this work, Six degree of freedom Hegwiéch mathematical model has been developed for the aircraft with
main and nose oleo pneumatic landing gear. Nonlinearities in stiffness, damping, bending characteristics of landing
gears, andire incorporated in the model. Friction is an incidental and inevitable reaction sticks along with the strut
motion during the event of ground contact. Friction generated in the landing gear as a sum of the contribution from
bearings and seals fitted ine landing gear. This study has focused on investigating the amount of frictional resistance
that gained by the struts while aircraft landing on various sink rates .The strut vertical forces, seal friction forces and
bearing friction forces generatedthre main and nose landing gear during touchdown has been presented in this work.
This preliminary estimation of friction forces for a range of sink rates aids the designer in developing optimal geometric
or strut parameters in the design stage. This afsd helps to calculate total landing loads for the certification of landing
gear.

Keywords:- Nonlinear Heavepitch model, Seal Friction, Journal Bearing Friction, Landing Gear Impact

1. INTRODUCTION

To understand the aircraft landing dynamic behaviar hiavepitch mathematical model is an adequate one in
concern of response captivation than full aircraft model by considering symmetric response in both main landing
gear and nose one subjected to landing im{dacf2). Contact between the runway sudamnd tire develops with

an unavoidable bending moment in the half and full axle where the torque link endured it as a lateral force during
landing (3). The knowledge in landing response of aircraft besides preliminary an@lygisbearing and seal

friction aids the designers to decide a suitable seals to fit into hydraulic ad&la{6). Here, the developed
mathematical model is useful for the investigation of frictional forces and its significance during landing gather
from the aircraft response fdifferent sink rates spotlighted.

2.NON LINEAR HEAVE -PITCH MODEL

The Landing dynamics equations of motion of the hgaieh modeled system are written frdfigure2. The

nose and main landing gear behave neality along the strut and tire individually as spring and damping
elements. The frictional forces involved inside the strut was investigated with the developed non linear
mathematical model. The friction forces generated in the strut was depiétigaiia3.

Figure 2. HeavePitch Mathematical Model

In this research work, MATLAB/Simulink is a numerical simulation tool used to acquire the response of
heavepitch model of aircraft during tmlhdown at different sink rates.

3.RESULTS AND DISCUSSION

During normal, critical and hard landing events, the seal and bearing in the main and nose landing gear contributes
11% of load as friction in the overall strut load, whereas 3/4 th amount dfFitliisnal load is governed by
bearing. For a given sink rate of aircraft touchdown, if the coefficient of friction in bearing was increased by a
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value of 0.05, then it will results in the increment of friction force by 18 percentage as an outcomesdrhis al
results in 75% to 85 % rise in the value of frictional load in bearing as mentioned earlier. In a particular sink rate,

if the coefficient of friction in seal is increased by a value of 0.02, it will results in the reduction of friction force by
2 percat.

Figure3 Main Landing Gear frictiommodel

4. CONCLUSIONS

The estimation of friction forces involved in the nose and main landing gear has been investigated on different
touchdown rates using the developed heave pitch mativain@odel. The obtained main and nose landing gear

forces in terms of seal and bearing friction can be used for design of landing gear strut, sealing rings and bearing
components.
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Abstract: Estimation of lubricating oil replacement schedule for IC engine based on change in physiochemical
properties, has become a known area of research. For that a lot of research work have been performed on engines feuded
with both diesel and diesel blends. These researches can also be supplemented by correlating the degradation of oil with
change in vibratin signature of engines feuded with diesel and bio did$et can provide a broader aspect to the study,

which may be even further extended to providing the oil replacement schedule solely based on vibration signatures of the
engine. The present studyintended to cater this aspect. The vibration signature of single stroke diesel engine fuelled
with diesel and diesel blend i.e. BJ10 diesel (10 % jatropa oil) are recorded after every two hours of interval for an engine
run of 100 hrs. The comparativeidies are performed by correlating the lubricant degradation with the vibration patterns

of the complete run. The vibration signatures are captured using FFT analyser and physio chemical properties of lubricant
are analysed with FTIR, density meter anddtheter. The details of the experiments with the observations are briefed in
content. The results justify the novelty of the approach and emphasizes the extension of the study for other blends also.

Key words: Condition monitoring, vibration signature, biedel.

1. INTRODUCTION

The fossil fuels in recent years has taken a new shape in research as blended fuels. These blended fuels are mostly
diluted with petrol diesel. The difference in composition of biodiesel blends with the raw fuel provides great
opporunities for the researchers to do experiments and emphasis the results. On the other hand, a study in
performance analysis and testing of diesel engine has also taken its degree of variation in testing and monitoring
techniques [1]. Though there are mangthods of monitoring the health of an engine, best method is yet to be
identified [2]. A new approach of corelating the physio chemical properties of lubricant and the vibration
signature of the engine is proposed for diesel biodiesel blend and rawdpetedl Even there are many methods

in producing biodiesel among which high yielding method is preferred with 90% yield.

2. METHODOLOGY

Aceelerometer

VIBRATION

N ANALTSER
FUEL TANK b

CYUNDER HEAD

DIESEL ENGINE L

DATAACQUISITION
AND PROCESSING

Figure % Line sketch of experimental setup
The experiments are performed on diesel engine with specificatioonatant speed of 1500 rpm. A single

cylinder diesel engine with eddy current dynamometer is utilized for this experimentation work. The vibration
signatures are captured using FFT analyser and physio chemical properties of lubricant are analyseR,with FTI
density meter and Rheometer. The specifications of the Kirloskar engine is as féllévs, Speed 1500 rpm,

No. of cylinder 1 Compression ratio 16.5:1, Bore 80 matroke 110 mm, Method of loading is by eddy current
dynamometerThe vibration signates are captured for every 2 hours run of the engine. The degradation of the
lubricant is measured for every 20 hours of run. The physio chemical properties of the lubricant for every 20 hours
of run is measured using density meter, FTIR and rheonkétaily, an attempt is made to corelate the properties
change and the vibration signature through a polynomial equation. Based on the vibration signature the condition
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of lubricant shall be determined. From both the details, the corresponding featurewibfatien signals are
extracted, recorded using a sklfating chart through which detection of the faults and grouping of the diverse
health status of the engine is monitored. These details would help in maintenance scheduling of the engine.

3.RESULTS AND DISCUSSION

The vibration signature captured using FFT analyser or every 2 hours of run as mentioned before. The lubricant
properties are also recorded every 20 hours, then the fresh lubricant is introduced replacing the older lube oil. As
the internal omponents of the engine is replaced for fresh start of experiments, first 20 hours of run will be wear
out phase where the lubricant will degrade quickly with excessive wear of new components. The properties such
as density, viscosity is recorded. The diand lubricant of SAE20W40 is utilized as engine oil, petrol diesel fuel

with its density and viscosity is cross verified with ASME standard. The FFT analyser uses the single channel
accelerometer or absorbing the vibration signal. Both horizontal aridatetibration signature are captured.

Table 1: summary of sample results of lubricant degradation.

Lubricant Viscosity at 80C in Pa.S Density
20W40(R) Kg/m?
Raw 0.0286 656.3
In first 20 hours of run 0.0922 821.8
Second 20 hours of run 0.0310 391.2

From the data of both table 1 & 2 a simple corelation between the properties of lubricant and vibration signature

can be derived as a polynomial equation.

Table 2: summary of RMS vibration signature pedkstical

Time After Amplitude(m/g) Frequency(hz)
first 20 hours 44.174 888
Second 20 hours 35.48 893

4. CONCLUSION

The use of vibration signature analysis for condition monitoring an engine corelating with oil degradation is a new
method. This methodology is also an online measurement technigeeh@hge in vibration signals provides
corelated results of physithemical properties of lubricant and also the condition of the internal components.
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Abstract: Condi ti on monitoring of |l ubricants as a fimachine el eme

reliability of a system. The reduction of maintenance costs and positive environment effects are the obvious benefits.
Both orline and offline condition monitoring of lubricants are mainly based on analyses of chemical and physical
properties. The tribological performance of used lubricants (friction and wear) usually is not taken into consideration in
conditionmonitoring tests ahconsequently in the assessment of the quality of lubricant in the machine. The challenge
was to optimize test parameters to be able to differentiate the tribological response of used oils. The results which
correlate mostly with the statd#-the-art anaysis of used oil are promising. This additional information can be of interest

for assessing the machine reliability as well as for optimizing lubricant service life. Additionally, the modern
tribometrical test systems provide the tools and test method@oabling a deeper understanding of used lubricant
behavior.

CliffA testing aims to identify -set ema@ii mte (off clgiefafrfi)t easfttse rt hw

friction increased or fail ur efricion and weaeincreases acwell a8 faiues, t est 0
which occurred during engine tests, can be derived from SRV® testing of oil samples taken or collected at different
engine test times. The results will be discussed in his paper as well.
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Abstract: Metal working fluid is one of the most important elemieniachining industries, however many industries

face the problems of producing highly finished surfaces along with disposal of the used metal working fluid due to
environmental hazards. In this work focusing to propose Glycerol (GLY) based skin freertiiyg fluid for the hard

metal machining process. To analysis the novel cutting fluid performance at the cutting zone the machining operation
carried out in dry and flood condition (Pure GLY,GLY+ 0.1% grapite(GRT)). During the machining operation cutting
force and temperature was absorbed because to improve the tool life, the temperature and cutting force is one of the
important parameters. The absorbed result shows that maximum cuttind 3@&&N exhibited in dry machining

condition the lowest clitig force exhibited 854.08N in micro GRT(0.1%) added cutting fluid. In the temperature concern

the highest value 523 noted in dry machining condition and lowest valu&C3&bsorbed in pure glycerol used as a

cutting fluid condition. The result clearfhows that the friction modifier plays major role while adding with the glycerol.

Keywords:Metal working fluids, glycerol, graphite, friction modifier.

1. INTRODUCTION

To improve the quality of machining and tool life is important task in hard meigtiming process. The
cutting fluid act major role to reduce the temperature and friction between tool and workReedy. et al[1]
Developed noyoil based cutting fluid it exhibited 58.3% and 28.57% less surface roughness, and 46.29% and
25.43% low tempmeature at the cutting zone. Additionally, the tool wear was 25.83% and 14.7% less than dry and
o Eltaggaz, et la[2] investigated vegetable oil based.8% and gamma particleadded hybrid nano fluid in
austempered ductile iron (ADI) machining operatiowdts observed that the hybrid nano particles cutting fluid
improved the tool life in 1220mm/min of cutting speed and 0.2mm/rev of feed rate condition. il based cutting fluid.
Shubrajit Bhaumik et al[3)roposed glycerol(GLY)based skin friendly cutting flfid replacing of existing non
biodegradable cutting fluid also in the result concluded that micro graphite(.1%)added glycerol based cutting fluid
exhibited better result compared to commercially available cutting fluid. So based on this concern the
perfomance of .1%GRT is dispersed with glycerol also used as the cutting fluid. The machining characteristics
concern reducing the temperature and cutting force is important parameter to improve the tool life.

2. MATERIALS AND METH ODS

The Batch No.MCR20747 gjcerol was purchased from Chennai local market. It contains maximum limits of
Impurities are Sulphated ash 0.02% and water 2%. The probe sonicator is used to disperse the micro graphite with
purchased glycerol.MT-L440 all geared lathe used to turn the BOdiameter EN31 steel rod and carbide insert

was used to turn the material. To absorb the temperature at cutting zone digital LCD Thermometer was used.
Lathe tool dynamometer is used to measure the cutting force.

3. RESULT AND DISCUSSIONS

The maximum cuttig force1323.5N andexhibited dry machining condition the lowest cutting force exhibited
854.08N in micro GRT(0.1%) added cutting fluid. In the temperature concern the highest vatGerfeie® in
dry machining condition and lowest valu€@Gzabsorbedh pure glycerol used as the cutting fluid condition.

4. CONCLUSION

There is chance to replace the commercial cutting fluid using glycerol with friction modifier. To improve the tool
life friction modifier and optimized cutting parameters plays the nrajer
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Abstract: The prospect of modern tribology has been lingering with the dawn of nanombésral lubrication systems,
which facilitates one of the nanotechnoleiggsed system developments. In this regard, hexagonal boron nitride (hBN)
based nandubricants was developed with Mineral Engine Oil, S&wnthetic Engine oil, Synthetic Engine Oil, and
Diesel based Engine Oil usingetisimplest approach of sonication and homogenization. The basic properties and the
material confirmation of nanadditives (hBN) were done using appropriate physiochemical characterization tools. hBN
based nanadditives were prepared, and its tribologigaiformance (i.e., coefficient of friction, wear test) was carried
out using a fouball tribotester according to ASTM standard. The highest improvement in friction (COF) coefficient was
attained by using the hBN nano additives in the Dibssked Engin®il of 10.35% compared to other lubricants.

Keywords: hBN, tribology, diesel engine oil, coefficient of friction, wear rate

1. INTRODUCTION

In recent years, the application of nanoparticles as additives in the engine oil plays a significant role ingenhanci
the engine's lubrication performance. The peculiar feature of nanoparticles is its size (nanometer range) permits in
anchored/deposit in between the micro gaps and cracks on the mechanical parts of the engine, thereby behaving as
ball bearing, which itiurn steep the engine rate friction. [1, 2]. Therefonmimalizingthe combustion engine's

friction level is of utmost importance to boost up its performance [3]. Hexagonal boron nitride (hBN) is also
known as "white graphite" due to its solid lamellaloricant like graphitestructure £, 5]. Based on its atomic

layers, nitrogen is bonded covalently with boron to form a 2D atomic-keedtructure bonded with van der

Waals force. Owing to its unique properties, particularly chemical and thermaitgtétiprovides a higher level

of resistance to oxidative degradation ut000 °C [6]. Hence in this experiment, hBN nanomaterials were
used as an additive by dispersing in Mineral Engine Oil, S&mthetic Engine oil, Synthetic Engine QOil, and
Dieselbased Engine Oil, and its tribological properties were investigated.

2. METHODOLOGY

All the chemicals used in this experiment are analytical grade and purchased fromARigota The nano oil is

prepared by dispersing 0.025 vol.% 70simed hBN in the Nheral Engine Oil, SeraBynthetic Engine oll,

Synthetic Engine Oil and Diesel based Engine Oil using the ultrasonic homogenizer 3 minutes with 30 seconds of
interval time for four cycles. The tribological studies were then carried out to determine ti@ezdedf friction

(COF) using a fouball tribometer TR30L-IAS of the oil sample with/without the addition of hBN nanoparticles,

and the experiments were repeated thrice. The parameters like speed, load, time, and temperature were followed as
per the A M standard D4172 procedures.

3. RESULT AND DISCUSSIONS

The zeta potential value observed for the hBN nanomaterials was 1280 mV, confirming the samples' excellent
stability. Tribological performance of the hBN naadditives in diesel engine exhibits thghest reduction in the

friction of coefficient (COF); the value decreases from 0.0783 to 0.0702, which is approximately by 10.35% as
compared with bare engine oil (Fig. 1). Moreover, there is also a reduction in the value of the steel ball's wear scar
diameter from 331um to 320um, which has been used in the tribotester.

4. CONCLUSION
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Based on the results, it is clear that the addition of hBN nanoparticles in the Diesel engine oil contributes
significantly to reducing friction compared to Mineral Enginé SemiSynthetic Engine oil, Synthetic Engine

Oil. COF, which in turn indirectly proportion to the performance of the engine. Hence, based on obtained results,
the reduction in COF values may increase the engine performance of the machines by reidtiomarid
temperature of the mechanical moving parts in the machines and providing better protection for prolonged usage
under extreme heat and pressure.
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Abstract: In this study, the emphasis is anderstanding the role of surface roughness frequencies in controlling

wettability in hierarchal engineering surfaces. For thisrarchical rough surfaces were produced using mechanical

texturing methods. Surface texture and roughness was inducedhamd&ned tool steels samples, thus producing

hierarchal surfaces with average roughness ranging from ~Ra 800 to ~ 80 nm. It was also observed that in higher

roughness range (Ra 800 nm, selected in the present study), the higher frequencies deteteadgsteeswettability,

andthelowf requency roughness that generates the texture doesnot
Ra~80nm, the frequency range that produces texture and roughness equally contributes to the wettability.

Keywords Wettability, Roughness frequencies

1. INTRODUCTION

Every surface is rough; the scale of interpretation determines it. Although most previous studies have identified
surface roughness as an important property that generally leads to an increzseasedn wettability, there are
occasional studies that show this trend is perhaps not completely dependent on the net average surface roughness.
Engineering surfaces produced through various manufacturing and finishing processes can have diffeeent surfa
roughness values. These generated surfaces can be inherently hierarchal, having multiple roughness frequencies
contributing to the average surface roughness. Based on the practical applications, these engineering surfaces deal
with various kinds of lubcants, and the surface roughness can considerably affect the wettability[1,2]. Hence, in

this study, the emphasis is on understanding the role of surface roughness frequencies in controlling wettability in
hierarchal engineering surfaces.

2.METHODOLOGY

Hierarchical rough surfaces were produced using mechanical texturing methods. Surface texture and roughness
was induced on to hardened tool steels samples, thus producing hierarchal surfaces with average roughness
ranging from ~Ra 800 to ~ 80 nm. Wettalyilgtudies using a low viscosity lubricant was conducted using a
contact angle goniometer.

3. RESULTS AND DISCUSSION

The results suggest that the wettability (Contact angle) can be the same, even for surfaces with different Ra values
produced trough similamechanical texturing methods. Fourier filtering of surface roughness frequencies
contributing to the net Ra values revealed that not all frequencies contribute in defining the wettability behavior.

There exist critical roughness frequencies that defiaentbttability of the lubricant over a surface. It was also

observed that in higher roughness range (Ra 800 nm, selected in the present study), the higher frequencies
determine the steaeBtate wettability, and the loWequency roughness that generatestthe xt ur e doesn
contribute to wettability. When the roughness reduces to Ra~80nm, the frequency range that produces texture and
roughness equally contributes to the wettability.

4. CONCLUSION
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From the experimental study it was concluded that in highagimess range Ra 800 nm, the higher roughness
frequencies determine the steastgite wettability, and the lofvequency roughness that generates the texture
doesndt contribute to wettability. As t haducesaentgchness r
and roughness equally contributes to the wettability.
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Abstract: The present work aims to evaluate the tribological performance of cocomdriviéd grease with hybrid
nanoadditives. The grease wasnded with MogSiC; in a variable weight ratio. The tribological performance of the
grease was evaluated under the boundary lubrication redineeMoS/SiO, (30:70) doses furnished the maximum
reduction in friction and wear. The combination of rolling friction and low shear propesteg the synergistic blend of
the spherical nanoparticles (S)@nd nanosheets (MgSshowed significant improvement in tribological properties.
This finding suggests that coconut grease with hybrid nanoadditives can be a suitable alternativetiorcrgreases.

Keywords: Boundary lubrication coconut oil, grease, Mo@nosheets, and Si@anopatrticles

1. INTRODUCTION

The coconut oil is the most saturated oil among all the vegetable oils. The presence of saturated fatty acid in
coconut oil is mor¢han 90%, and low iodine valuel® [1]. The investigations carried out on coconutl@bked
lubricants have demonstrated promising tribologicalits[11 3]. Nevertheless, until now, cocdnail has not

been explored as bastock for grease lubrication.

2. EXPERIMENTAL DETAILS
SYNTHESIS OF NANOMATERIALS

The SiQ nanoparticles were prepared by a-gel approacH4]. The MoS nanosheets were prepared by a
hydrothermal reduction of sodium molybdate with thioyfa The crystalline and morphological properties of
Mo$S,, and SiQ nanomaterials were probed by ara§ diffractometer (XRD) and higtresolution transmission
electron microscope (HRTEM).

SYNTHESIS OF GREASE

The coconut otbased grease was formulated using esledde overhead mechanical stiffi@l. The ratio of Mog
to SiG:were varied in five combinations, i.e., 100:0; 70:30; 50:50; 30:70; and 0:100 for the formulation of coconut
grease samples. The thickener concentration was fixed at 14 wt%.

CHARACTERIZATION OF GREASES

The antiweamproperties of coconut grease were measured by abfltribometeras per the ASTM D2266
standard.The morphological features of the worn scar on steel balls were captured using a scanning electron
microscope (SEM). The elemental distribution over tlenascars of steel balls was collected by an energy
dispersive spectroscope (EDS).

3. RESULTS AND DISCUSSION
CHARACTERIZATION OF NANOMATERIALS

The SiQ nanoparticles exhibit the spherical shape (FigbYlaith their diameter ranging from 20 to 35 nm. The

MoS; displayed a hailike structure in the form of lumps (Fig. 1. broad di ffraction pealk
signified the 101 plane of Si@s per the JCPDS card NO-8951. The notably broader XRD peak suggests the
amorphous nature of Si@anoparticles. TheMeSranosheet s exhi bit dif382%action
39.86, and 58.89, corresponding to (002), (101), (103), and (110), planes, respectively. These diffraction peaks

are supported by the JCPDS data card Nel53D and signified the lamellar structure of MoS
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Fig. 1: TEM images of (e&b) SiQ; nanopaticles(c-d) MoS nanosheets and XRD pattern of sitanoparticles
and Mo$S nanosheets

EVALUATION OF TRIBOLOGICAL PROPERTIES

Table 1: Changes in COF, WSD, and MWV for steel balls using t
coconut grease blended with M#&O, as nanoadditives.

Concentrabn COF WSD (um) | MWV X
M0S,:SiO; 10* (mmd)
Raw 0.084 836.347 72.666
100:0 0.081 856.437 80.537
70:30 0.072 839.237 74.046
50:50 0.072 816.113 65.250
30:70 0.067 749.620 45.870
0:100 0.076 805.517 62.339

CHARACTERIZATION OF WORN SURFACES

Fig. 2: SEMimages of worn steel balls lubricated withb(araw, (cd)
M0S,/SiO.-blended coconut grease with corresponding EDS spectr_~

The formation of fattyacids derived protective thin film of low shear strength is accountable for the lubrication
effect by cocont grease. The blending of MgSiO, nanoadditives further improved the antiwear properties;
thus, their presence between the tiibierfaces led to a significant reduction in WSD. The distribution of Mo, S,
and Si over the worn scar lubricated with Mk&O,-blended grease confirm the roles of these nanomaterials in
tribo thin film formation.

4. CONCLUSION

The optimized blend of MafSiO, (30:70) showed a significant reduction in COF, WSD, and MWV, drive by the
synergistic effect of constituted nanomeaési The spherical Sianoparticles extended the low friction because
of the micro balbearing effect, and the low shear strength of 2D lamellar sheets)e&eased the friction
under the tribestress.
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Abstract: In this research multiple concentrations of fatty acids viz. Decanoic, Palmitic, Myristic and Stearic acids were

testedwith light mineral oil in laboratory conditions. The pressure and flow parameters were predicted in the confines of

a controlled positive displacement piston and an end connected set of parallel plates. In the tests conducted there were

large differences n t he experi mental and Fullerds theoretical pressur e
on account of the viscous forces was major whereas the drop due to the molecular forces was marginal. Due to the

temperature increase lesser pressure required to pump the oil across the thin space. It was seen in each case that as the

concentration increased the viscosity increased resulting in an increase of experimental pressure. Under the same

conditions the variations of film temperatures indéckthat fluid friction was greater for the fatty acid mixture than for

pure light mineral oil.

Keywords: positive, displacement, viscous, concentration, transducer

1. INTRODUCTION

Fundamental experimental data was needed to formulate mathematical aratptedict the behaviour of thin
films. The approach was to view the migration of thin films as flow through porus media viz. Darcy flow. In this
case fluid flow was through a very thin space of approximately 0.02mm between parallel plates.

2.METHODOLOGY

The designed test device consisted of a long screw driven positive displacement piston controlled with
instrumentation and a digital oscilloscope. External and relay ladder logic circuits were designed and developed to
enable proper functioning of the amtted equipment. The right end of the piston contained a socket into which a

steel threaded plug was inserted as shown in Fig.1. Thus an annular space was developed through which a liquid

was squeezed [1]. Two end connected plugs were used in the stolaio film thicknesses of 0.04mm and

0.1mm respectively. The LVDT provided an output electrical voltage measured by the oscilloscope and served as

a measure of its axial load [2]. The step by step experimental procedure for each run pertained tiea fi@ntic

rat e, fluid, concentration and r pm. I'n Fullerdéds theo
thickness depended on pressure gradient, local velocity and permeability factor as in equation (1)

0 poPIQD 1)

Fig.1 Crosssectional view of a positive displacement piston with end connected set of thin spaced parallel
plates
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3. RESULTS AND DISCUSSION

The Fig.2 shows the experimental and theoretical values for the light mineral oil andtyl %cidtsolutions
tested.

o5
FLOW RATE (CUMSSEC)

Fig. 2 Light Mineral oil & 1% Stearic, Myristic, Palmitic & Decanoic Acid

The results for concentration against pressure show maximum peak pressuseGos;, Cio and Geacids which
was justified. The over emulsification Stearic acid in the oil medium was unique.

4. CONCLUSION

The graphs were explained in the order that the critical micelle concentration of a surfactant decreased as the
number of carbon atoms in the hydrophobic group increased to 16. The effect oh¢pamnface tension was
correctly attributed to appropriate charge ions lowering the critical micelle formation.

5. ACKNOWLEDGEMENT

The author acknowledges the cooperation extended by the technicians in installation of equipment and
arrangement of samplestae University of Florida Mechanical and Chemical Engineering departments.

6. DECLARATION

The work has not been presented elsewhere or not being in consideration for presentation in any journal

REFERENCES

[1]. Duriseti, S.V., 1993, Analysis of the ViscousdaMolecular Effects on the flow of Tribo chemical Newtonian Fluids through a
Very Thin Space between Parallel Plates, Masters Thesis, University of Florida.

[2].Bollinger, J.G., Duffie, N.A., 1989, Computer Control of Machines and Process, Addlesiey Pulishing Company, New
York.

[3]. Fuller, D.D., Theory and Practice of Lubrication Engineers, 1984, John Wiley and Sons, New York.

76



Anti -wear behaviour of polyalphaolefins with oleic acid treated Lak
nanoparticles as an additive under extreme pressure conditiorffD:T088)

Homender Kumadr A. P. Harsh&

1Department of Mechanical Engineering,
Indian Institute of Technology (Banaras Hindu University),
Varanasi221005, India

*Corresponding authorapharsha.mec@itbhu.at

Abstract: The present work focus on the extreme pressure characteristics of polyalphaolefins (i.e. PAO 4 and PAO 6) withs LaF
nanoparticles as an additive. The surface of LaRanoparticles modified with oleic acid was synthesized by segel method.The varying
concentration (0.028.15 wt.%) of nanoparticles were dispersed separately in both PAOs with the aid of magnetic stirrer
and ultrasonication to formulate nanolubricants. The extreme pressure properties of nanolubricants were obtained using
four ball tester as per ASTM D2783 to examine the lasts®rure load (LNSL), initial seizure load (ISL), weld load

(WL) and load wear index (LWI). The EP properties have been improved at all concentratiors obhaparticles.
However, 0.15 wt.% was found be the optimum dose in both PAOs, which displayed the best EP behaviour, i.e. the
highest LWI and lowest WSD at ISL. In comparisons with pure PAOs, at different concentrationsO(Q®28.%),

PAO 4 showed the increment in LWI around 1 to 13% respgtiwhile in the case of PAO 6, the increment was in the

range of 2430%.

Keywords: Polyalphaolefins (PAOs), LaRanoparticles, nanolubricants, extreme pressure, wear

1. INTRODUCTION

Due to less availability of petroleubased resources and exceed fiamal limits of mineral oils, the demands of
synthetic base oils have been continuously increasing day by day. Polyalphaolefins (PAOs) are one of the most
popular synthetic oil which are commonly used as automobile and industrial lubricants workingrmegxtold

climates or hot applicatiofd. PAOs are generally categorized based on their kinematic viscosity at H0(2].

2.METHODOLOGY

Synthesis afarnanoparticles

The Lak nanoparticles were synthesized bygel method and #situ modified by oleic acid.

Characterization of.aF3 nanopatrticles

The size, morphology and phase structure gbrapared surfacmodified LaF3 nanoparticles were analyzed
through highresolution transmission electron microscopy (ARM) and Xray diffraction (XRD).

Tribo testing and worn surface analysis

The extreme psure properties of lubricants have been evaluated in four ball tester as per ASTM D2873. The
worn surfaces of balls were analysed by various characterization techniques such as scanning electron microscope
(SEM), energydispersive Xray spectroscopy (ED@)nd scan probe microscope (SPM).

3. RESULTS AND DISCUSSION

Figure 1 illustrate how all nanoparticle doséothPAO diminished the wear scar diameter from initial seizure
load onwards.
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Figure 1:- Variation in wear scar diameter with applied load(BrPAO 4, (b) PAO 6
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Table 1 demonstrates how Lagoncentration in both PAOs decreases the WSD at initial seizure load (ISL) and
before weld load, and consequently increases the LWI. The morphological and topographical micrographs of
worn surfaces of stéballs lubricated by pure PAOs and with optimum dose ot bal tested under application

of 784 N loachre shown in Figure 2.

Table 1: - Results of extreme pressure condition

Tribological Base oil | LaFsnanoparticles concentration (wt.%) in PACs
parameter No additive | 0.025 0.05 0.075 0.1 0.15
Last non seizure| PAO 4 392 392 392 392 392 392
load, LNSL, (N) PAO6 | 392 491 491 491 491 491
Initial seizure | PAO 4 | 491 491 491 491 491 491
load, 1SL, (N) PAOG6 | 491 618 618 618 618 618
Mean scar| PAO4 | 0.67 0.76 0.59 0.66 0.56 0.55
‘(jr'r‘;"n”q")eter at ISL, "5A06 (064 0.78 0.77 0.80 0.74 0.72
Weld load, (N) PAO 4 | 1570 1570 1570 1570 1570 1570
PAO6 | 1570 1570 1570 1570 1570 1570
Load wear index,| PAO 4 | 372 376 395 387 409 418
LWI, (N) PAO6 | 377 466 474 462 482 490

4. CONCLUSION

In both oils, the EP properties were improved at all concentration of nanoparticles but 0.15 wt.%eshilsited
the best EP behaviour.

At concentration 0.028.15 wt.%, PAO 4 displayed the increment in LWI around 1 to 13% regplgtivhile in
the case of PAO 6, the increment in LWI was in the range @024 in comparisons to pure PAOs.

Overall, PAO 6 demonstrated the best EP characteristics (i.e. higher LWI, ISL and minimum wear scar at ISL) as
compared to PAO 4.

Figure 2: SEM and SPM images of worn surfaces of steel ball under applied load of 784 N and lubricated ((a,
() & (b, @)) with pure PAO 4, PAO 4+0.15 wt.% ) “Qc ,®) & (d, Q)) with pure PAO 6, PAO 6+0.15
wt.% 0 @ "fBspectively.

5. DECLERATION: The work has not been presented elsewhere or not being consideration for presentatio
any journal.
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Abstract: Biodiesel blends play vitalole in conservation of the ecology. Biodiesels possess enhanced lubrication
properties which save energy and enhance the engine life. In this investigation the lubricity of diesel, blends of Simarouba
glauca methyl ester (SGME) in diesel, with and witrexddition of nanoparticles is assessed employing four ball tester.

The biodiesel blends B10 (10% biodiesel in diesel), B20, B30 and diesel BO were characterized. Copper oxide (CuO)
nanoparticles were utilized. Nanoparticles exhibit excellent dispersittve iSGME due to its high oleic acid content.
Tribological aspects in terms of rim period and flash temperature parameter (FTP) were analyzed using four ball tester
for the experimental conditions specified in ASTM D 4172. The advantageous combiaatidhg5 % (B20 and B30)

which shown drop in run in time manifesting 81% decrease with respect to diesel. Moreover the favorable combinations
are 1 % (B10), 0.5% (B10 and B20) which demonstrated significant increase in FTP presenting 158% enhancement over
diesel. A combination of abrasive and adhesive wear was noted.

Keywords: bio diesel, Simarouba glauca, four ball tester, nanoparticles, run in time, flash temperature parameter.

1. INTRODUCTION

Biodiesel application enhances the durability engine commenspecifically fuel injection equipment and high
pressure fuel pumps which are lubricated by fuel itself. Also a number of unattended biodiesels like Simarouba
glauca need to be analyzed in this context. Numerous researchers have employed a vanetyaoficies to

impart better tribological attributes to lubricant oils.

2. METHODOLOGY

The Bio diesel used for this work was extracted from Simarouba glauca seeds and made by transesterification
process. The Coppexide (CuQO) nanoparticles were separately mixed in the base oil (SGME) with quantity of
0.2, 0.25, 0.75 and 1% wt.

Blends of SGME and additivated SGME in diesel were made with 10%, 20% and 30% amount by volume. Overall
sixteen samples were prepared. Titigotogical tests were conducted on a four ball tester according to ASTM
D4172. Wear rates were estimated in terms of the average WSD of the three lower specimens. The friction
coefficient was noted in reéime. The run in time and FTP were estimated fl@@F vs. Time graphs and WSD
values respectively [20].

3. RESULTS AND DISCUSSION

All the amounts of CuO exhibit the decrease in run in time as the biodiesel percentage goes on increasing. CuO
proves to be the best option of for B20 and B30 blends. Incireése percentage of nanoparticles beyond 0.75%

is not seen to be beneficial as the run in time increases for B20 and B30 blends. The beneficial combinations are
0.75% (B20 and B30), which give lowest run in time. 1% combination shows the highest intteadeTP. The
beneficial combinations are 1 % (B10), 0.5% (B10 and B20) as well as 0.5 % (B20), which give appreciable
increase in FTP.

4. CONCLUSION

Based on these pioneering investigations on SGME (as per the literature survey) following concéusioais c
drawn.

Rise in the percentage of nanoparticles does not show the drop in run in time consistently, but the increase in

79


mailto:enaait@yahoo.co.in

biodiesel percentage shows good and nearly consistent behavior with respect to decrease in run in time.

Biodiesel blends with adtidn of nanoparticles show low run in time giving satisfactory run in process as
compared to pure diesel.

All the nanoparticle percentage combinations prove to be beneficial exhibiting the increase in FTP as their
percentage goes on increasing. Increasthénpercentage of nanoparticles shows the increase in FTP more
consistently than increase in biodiesel percentage.

Biodiesel blends with addition of nanoparicles consistently show high FTP giving acceptable behaviour as
compared to pure diesel.

5. DECLARATION

The work has not been presented elsewhere or not being considered for presentation in any journal
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Addition of surfactant in CeO; nanoparticles and its synergistic effect on
diesel fuel(ID:T041)

Roji George Roy*, Alex Y 3 Chacko Preno Kosh¥,
aSaintgits College of Engineering, Kottayam, Kerala, India
rojigeorge303@gmail.comghacko.preno@saintgits.org

Abstract: The depletion of conventional fossil fuels, due to their enormous consumption. The rising prices, strict
emission norms regarding pollution and eugereasing environmental issues leads to the human kind to develop an
alternative sustainable energy for automotive engines.

The present research focuses on production and testing of surfactant modifiddetakeoived from cerium oxide
nanoparticles with conventional diesel fuel. The experimental investigation chronicles the synthesis of cerium oxide
nanoparticle by precipitation method. In the first phase of work, the surfactants were prepared and syntlilesized wi
cerium oxide nanoparticles. These are then characterized using advanced techniques like TEM, SEM and EDS. Secondly,
diesel fuel is mixed with surfactants modified nanoparticles at definite proportion.

Experimental investigation was carried out to sttdyengine performance and emission parameters of a-siylglder

four stroke diesel engine. The results from the current study envisages that the addition of nanoparticles into the diesel
fuel shows negligible effect in efficiencies but the resultsbetéer for the surfactant added nanoparticle blends. The
nanefuel was beneficial to improving the mixing of air and fuel due to the presence of oxygen content in the
nanoparticles. The metabhsed nanoparticle additive is beneficial to improving perfao@aand decreasing the CO,

NOx and HC emissions. As well as the surfactant added nanoparticle additives in the blend fuels can further improve the
overall combustion quality and decrease the emissions.

Keywords: nanoparticle; precipitation; surfactantdactive; fuel

Comparative study of thermo-physical and tribological properties ofcoconut
oil basednano lubricant using CuO nanoparticle and MoS nanoparticle
(ID:T040)
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Abstract: In this research the theraphysical and tribological properties of coconut oil based bio lubricant using CuO
nanoparticle and MaSnanoparticle with surfactant modified are compassdi studied. We can see that the
thermaphysical properties increased more for coconut oil lubricant with-Me8oparticle than with the addition of

CuO nanoparticle. The tribological properties of both the nano particle are studied with pin on disetatb The
friction-reduction and antivear properties are studies in both ambient and elevated temperature. For the result with MoS
nanoparticle with surfactant modified at elevated and ambient temperature on -ttvedgo tribometer, there is
improvement in antiwear and friction reduction properties than with CuO nanoparticle. The wear scar analysis are
carried out using FESEM. There is an improvement in theyhysical properties using both the nanoparticles.

Keywords: Anti-Wear, Bio lubricant, Naoparticles, Surfactant
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Abstract: Lubricants move the world forward. From manufacturing, to transportation, to entertainment, lubricants are a
critical factor in all industries and affect every life on the planet in multiple ways every dagidi@ason lubricants are

one of the fastest evolving and most researched technologies in the world. This rapid evolution has caused lubricants to
take many different forms and has forced them to diversify to meet changing environmental standardssagyielt
mechanical tolerances. One of the newest variants on an old type of technology is hexagonal boron-Bitide (h
commonly called a ceramic lubricant. The present work summarizes the possibility ofihgsha solid lubricant in
lubricants.Recent developments in nanotechnology have allowBdl to be emulsified with high quality engine and

gear oils. The molecular structure 6BIN is that of layered lattice, covalently bonded hexagonally with the different
layers having weaker Van der Wadlonds. HBN micro particles have excellent metal adhesion and are able to be
dispersed throughout an engine, gear, or bushing in standard oil. AsBBtieparticles flow through the lubrication
system some of the particles settle or are forced intacbwith the metal surfaces where they then coat that surface.
Thus, the tribological properties ofBN added lubricants has been reviewed in this work.

Friction and wear behaviour ofnon edibleoil based lubricant (ID:T042)
Rajib Bhowmik*, Nabajit D&z Choudhury

1Girijananda Chowdhury Institute of Management and Technology, Guwahati, Assam, India
2 Assam Science and Technology University, Guwahati, Assam, India
*Corresponding author emaifajibaec@gmail.com

Abstract: Degradability and disposal of mineral lubricants are the two challenges the industry is facing in recent years. In
addition, strict norms against environmental degrad@&imbeddedby the government have led researchers to think of an
alternative lubricant which is non toxic and liegradable. In this context, the present wisrkundertaken for the
production, characterization and properties of tbe-edible oil basedlubricant Transesterification process will be
performed for biolubricant praegttion. Fatty acid profile of the biolubricant is determined using Gas
ChromatograpMass Spectroscopy analysis. Formation of ester in biolubricant will be confirmed by FTIR method. The
properties of the biolubricant will be done as per ASTM standaFdstion and wear characteristics thfe blended
biolubricantwill be performedas per ASTM D1472 using Ducom TR30L four ball tester under a normal I kaf

and 40 kgunning at constant speed of 1200rpm for 36B80wlly, a comparison will be made$tudy the coefficient of

friction and wear behaviour between different blends of SAE15W40 and biolubricant.
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Flash temperature of sliding contacts - a comparative study(ID:T047)
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*Corresponding author (ail: pmprakhar.123@gmail.com)

ABSTRACT: Solid friction and related frictional heating are considered to be generated within the real area of contact
between two machine elements in relative sliding motion. The frictional heating process is originated by a few
micron-scale interactions witthe top interacting layers of the contacting machine elements, and most of the energy
dissipation takes place in the bulk solid under the contact region by plastic deformation process. Frictional heating and the
resulting contact temperature rise with giglvelocity can have a significant effect on trfadlure of machine elements.

Flash temperatures at the contacting asperities anesngface temperatures can reach high enough to trigger changes in
the microstructure and properties of the sliding malte possibly due to oxidation of the surface and melting of the
contacting bodies even. The present work emphasizes to predict and chagtetemperature riséor specific pairs of
materials, having with/without significant variation of thermal andchmaaical properties, using existing contact
temperature models. Spécito the chosen two differestiding pairs of materials and operating condition, the maximum
computed variation dfash temperature riseamongst the five different analytical modedsround a factor of 1.58. The

flash temperature risder all the individual models increase almost linearly with the increase of sliding velocities from 1
ms?to 3.0 m&. The normalizedlash temperature risas well as thieat partition factodecrase with increasing Peclet
number.

KEY WORDS Contact temperature; Flash temperature; Heat partition factor; Peclet number; Sliding velocity

Surface morphology studiesn end milling of AA7075 under MQL environment
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Abstract: Increasing need in quality of production and minimizing costs in end milling process has paved the way for
green machining. To sustain this machingmyironment, concern on ecosystem and health of worker, minimization and
elimination of cutting fluids is an important aspect to be considered. Therefore, this work aims in exploring the feasibility
of some carbonaceous naparticles dispersed in coconail as the base fluids. In this case, Multlled carbon
nanotubes (MWCNT), Hexagonal Boron NitrideiN) and Graphenaano particlesvere dispersed in both individual

and trihybridized condition in base fluid. Further, the surface morphology of bothaid machined surface was
observed from AA7075 subjected to an end milling operation in a vertical milling machine under Minimum Quantity
Lubrication (MQL) environment. In addition, the rheological properties like thermal conductivity, viscosity artgt densi
was studied to find the scientific performance correlatidre fiesults obtained from the experiments confirm tiat
tri-hybridized carbonaceous nanlobricant has reduced the cutting force, tool wear and surface roughness when
comparedo monotype nao fluids.The SEM images of the surface and tool was studied and it was found that the surface
quality was maintained while end milling with-trybridized carbonaceous nanofluid. Thus, the present work indicates
that the additivity of carbebased nano grticles with coconut oil has offered better performance and found to be a
credible alternative to existing conventional cutting fluids. An improvement of 12%, 16% and 21% was found in
reduction of cutting forces, surface roughness and tool wear was ethserv

Keywords End milling; MQL; Carbonaceous nanofluids; Tmybridization; Surface Morphology
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Formulation and tribological evaluation of vegetable oil based greag¢D:T072)
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Abstract: Greases is a seraplid type of lubricantvhich is a combination of base oil, thickener and additives. They are
applied in between the metal contacts to reduce frictional resistance. The most common base oil used for commercially
available greases are mineral oils. These mineral oil based graesesonsidered to be highly toxic and
nonbiodegradable in nature. The excess usage of thesdiodegradable greases in the industry are causing
environmental problems and human health issues. Researchers are suggesting vegetable oils as artaleesative
mineral oils. In this work, bigrease was formulated using rice bran oil as base oil. Rice bran oil was selected due to its
excellent lubricant properties and availability. The thickener commonly used for commercially available greases are
lithium complex. The increase in industrial usage of lithium for electric vehicle battery has suddenly forced the grease
manufacturers to find an alternative due to the scarcity of lithium. This work used calcium thickener which was obtained
by mixing calcium hyroxide to 12hydroxy stearic acid faiormulating greaseThe experimental study formulated two

grease sample with different weight percentage of thickener. Whereas, the remaining grease formulation parameters were
maintained constant for both the greasenples. The consistency and tribological results of the grease samples were
measure@s per ASTM standards. The experimental results obtained from the formulated calcium greases have indicated
that the variation of weight percentage of thickener playmportant role on the evaluated properties.

Keywords: Bio-grease, Rice bran oil, Calcium thickener, Tribological properties, Consistency
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Abstract: The majority of the lubricants, around 85% used nowadays are minebalseidl. Several environmental and

health hazards occur due to the excess use of these oils. The poor biodegradatilgyadiits pressurizes the industry

to develop ecdriendly biodegradable lubricants. The biodegradability, renewability, low toxicity and excellent
lubricating performance of vegetable oils are the main reason behind the use of vegetable oil astnsaltece of
lubricants. Despite the aboweentioned advantages, vegetable oils have some disadvantages such as poor oxidation
stability and pour point. Blending, chemical modification and additives can enhance the thermal stability, oxidation
stability and other properties of the oil. Rice bran oil (RBO), Jatropha oil (JO) and blended RBO and JO (BRJO) are used
in this study. Chemical modification of the base oils was done using the transesterification procedure. The tribological,
physical and chemical pperties of pure RBO and JO, BRJO, transesterified RBO and JO, transesterified BRJO
(TBRJO) are evaluated as per ASTM and international standards. Performance test on the developed cutting fluid was
performed on a lathe machine attached with a tool dynast@nand the cutting forces were compared with the
commercial cutting fluid. Cutting forces were also predicted using Machine Learning techniques and are compared with
the experimental values. The error between the predicted values and the experimeetabralevaluated using
statistical error analyzing techniques. It was found that the 1:1 blend of RBO and JO after the transesterification has
shown better COF and oxidative stability when compared with pure oil.

Keywords: Transesterification, Blendindgio-cutting fluids, Machine learning
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Abstract: Polyetheretherketone (PEEK) and its various composites possess a wide range of utilization in various
industries like autontuile, mechanical and aerospace and are continually replacing metals in Tribological and Structural
applications due to sound mechanical and chemical resistance charactdtigtitghough PEEK material having
inherent youngO0s mo dambng the palyner goupeiteephibits eehy dnighiefbicient of friction

which limits its utility as an antifriction material. The effect of the solid lubricants hBN and PTFE with PEEK polymer in
equal concentrations was studied based on dynamic meché&weilcalior and their tribological propertie$he
Tribological properties of virgin PEEK, PEEK fortified with 10% Polytetrafluoroethylene (PTFE), along with PEEK
reinforced with 10% hexagonal Boron Nitride BiN) are compared and analysed in this stddyin screw extrusion
production method is preferred for the preparation of speciri@esribological properties were compared with the help

of Pin on disc tribometer test in which each material was tested for about 6 km under varying loads of 25N, 50N, and
100N. The Dynamic mechanical properties were compared with the Dynamic Mechanical Analysis (DMA) analysis in
which each of the materials was tested under the same testing conditions. Both the Tribological properties and the
Mechanical properties of matedalvere tested as per ASTM standards. It was found that PEEK with hBN was better at
the wear rate under a few conditions, but PEEK with PTFE was found to better overall. It can be seen that adding solid
lubricants to PEEK polymer does improve the wear rate.

Keywords: PEEK, PTFE, hexagonal Boron Nitride, DMA, Wear rate, Coefficient of friction
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Abstract: Cavitation erosion poses sifinant challenges to the engineering materials used in hydraulic machinery,
hydraulic turbines, ship propellers, etc. The devastating characteristics of the cavitation erosion lead to an increased loss
in efficiency and the service life of the componemtsuiting in a significant economic impact. The present work focuses

on a prospective equimolar medium entropy alloy (MEA) MoNbTiZr as a potential candidate for limiting cavitation
erosion. For comparison, conventionally used SS316L stainless steel, &wT#loys were also investigated. The

MEA was composed of a BCC lattice. Further, the microstructure showed the presence of a typical dendritic structure.
The detailed analysis also showed different intermetallic phases, as confirmeayogiffractionand energy dispersive
spectroscopy studies. The microhardness was measured for MEA (435 HV) was higher than 220 HV, and 335 HV was
measured for SS316L and Ti6Al4V, respectively. Similarly, the MEA also showed higher yield and tensile strengths.
Under cauviation erosion studies performed using vibrating horn showed significantly higher resistance to cavitation
erosion. The cumulative volume loss measured for the MEA was almost 10 times lower than that observed for SS316L
and Ti6Al4V. The eroded surfaces sled pits, striations, and fatigue signatures. The better cavitation erosion resistance
of the MEA is attributed to higher hardness, tensile strength, and bettertstrdening ability compared to the
conventional materials. The results showed that thé M@&mposition possessing superior cavitation erosion resistance

is a potential candidate for improving the efficacy of the fluid machines.

Keywords: cavitation erosion, medium entropy alloy (MEA)

1. INTRODUCTION

Cavitation erosion is a result of bubblesnfiation when the liquid pressure drops below its vapor pressure
followed by subsequent collapsing on the material surface. This results in generation getiamd shock
waves which causes material removal from solid surfaces. The cavitation erocssessa significant challenge

to the engineering materials used in hydraulic machinery, turbines, ship profp®igrsThe present work
explores a new medium entropy alloy (MEA) composition for countering cavitation erosionrpsoble

2. METHODOLOGY

The MoNbTiZr medium entropy alloy was cast using@uedter in presence of Ar. The cavitation erosion studies
were conducted using an ultrasonic vibrator in indirect mode. Prior testing, samples were polished down to 2000
grit size. Themass loss was measured each hour using a precision weighing balance. For comparison,
conventional structural materials SS316L and Ti6Al4V were also tested. The testing parameters are listed in Table
1.

Table 1 Slurry erosion setup parameters

Parameters Value
Standoff distance 500 pm
Frequency of tip 20+0.5 kHz
Medium Distilled water
Duration 20 hr

3. RESULTS AND DISCUSSION

The MEA was composed of BCC crystal lattice with the microstructure showing typical dendrites. The presence
of different interméallic phases was also observed. The MEA showed a microhardness of 435HV.

The cavitation erosion results shown in Fig 1 indicates significantly high erosion resistance of MEA. The total
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cumulative volume loss (CVL) measured for the MEA after 10 hrs wassalh® times lower than that observed
for SS316L and Ti6AI4V.

The better cavitation erosion resistance of the MEA is attributed to its higher hardness, tensile strength, and better
strainthardening ability compared to the conventional materials. The analythe eroded surfaces showed the
presence of pits, striations, and fatigue signatures.
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Fig 1: The cumulative volume loss (CVL) of different materials as a function of exposure time under
cavitation erosion

4. CONCLUSION

This study has shown that ME#ossesses significant cavitation erosion resistance than conventional materials
and hence is a potential alternative for improving the performance of many engineering systems.
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Abstract: In this present study, the erosion wear behaviour of A357/fly ash composites was investigated. The developed

composites were prepared through squeeze casting technique with different weight percentages of fly ash (0, 2.5, 5, 7.5,

and 10). The erosive wear experiment was carried out with the help of air jet erosion tester with different impact

velocities (48,7082, 109 m/ s), i mpingement angles (30, 45, 60, 90) an
particle. The effect of impact angle and impact velocity on the erosion rate of the composites were studied and discussed.

The results revealed that taesion rate of the composites increases with increasing impact angle up to certain angle after

that it starts decreasing. The matrix alloy shows high erosion rate at 45° whereas A357/fly ash composites display greatest

erosion rate at 60° impact angledicates semi ductile behaviour of the composites. The minimum erosion rate was

obtained at 10 wt. % of fly ash composites as compared with other composites. The eroded surface of the matrix alloy and

composites was examined by scanning electron microg&ipd) to study the eroded surface texture.

Keywords: A357 matrix alloy, fly ash, erosive wear, impact velocity, impingement angle, erosion rate, SEM, squeeze
casting

1. INTRODUCTION

Erosive wear occurs due to continuous impact of solid or liquid partinl#se target with some velocity for very

short time period. This results in loss of the materials in various industries such as chemical plant, propeller
system, coal gasification, and aerospace engine. Despite of the material loss in the erosivehasagre#t
advantage in various situations like sand blasting of casting, cutting of hard and brittle materials (Summers, 1979).

The present work is to investigate the erosion wear behaviour of Al357/fly ash composites undestateady
conditions.

2. METHODOLOGY

A357 used as matrix, obtained from the local market. It consists of 7.5% silicon, 0.07% beryllium, 0.2% iron,
0.2% copper, 0.7% magnesium, 0.2% titanium, 0.1% zinc and 0.1% manganese and balance is Al. In the present
study, fly ash used as reimé@ment and was procured from National power Engineers, Kolkata. Fly ash is waste
by-product of power plants. It is a heterogeneous material, consists of SiO2, Al203, FeO3 and CaO. Fly ash
particulates of 250 um were incorporated into A357 matrix allojtenanetal in varying concentration of 2.5

wt.% c/s, 5 wt.% c/s, 7.5 wt.% c/s, and 10 wt.% c/s by squeeze casting method. Erosion test was carried out at
ambient temperature using ASTM G 76 standard air jet erosion test rig. The specimen was weiglaeththefor

after the experiment after a thorough cleaning with cotton dipped in acetone. The test was carried out for a fixed
period of 60 min (six test cycles were performed with a period of 10 minutes) when all the specimens are in a
steadystate condition.

The erosive worn out samples were examined by field emission scanning electron microscope.

3. RESULTS AND DISCUSSION:

Effect of impingement angle on erosion raibe erosion rate of the composites increases with increasing impact
angle up to certain arglafter that it starts decreasing. But for the matrix alloy, the erosion rate drops with
increasing impact angles. The erosion rate attains a maximum value at 45° impingement angle for matrix alloy.
Whereas, the peak erosion shifts from 45° to 60° for2%, 5 wt.%, 7.5 wt.%, and 10 wt.% fly ash) for all the
velocities. However erosion rate attains a peak value at 60° impingement angle for reinforced composites.
Effect of impact velocity on erosion rat&he steadystate erosion rate of all unreinfocc@nd reinforced
composites increases with increase in impact velocity. Thedgaste fits to data point were obtained by using
power law.
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4. CONCLUSION:
The wear rates of all samples were higher at higher particle speed.
The A357/fly ash compositegbave as senductile in nature.

The SEM studies revealed that the main mechanism of material removal for the composites was micro ploughing
and micro cutting.
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Abstract: Two different machine learning approaches, viz. artificial neural network (ANN) and genetic programming
(GP), have been employed to analyze the tribolddiehavior of alumina reinforced aluminium matrix composites
(AMC). The learning by the two techniques has been compared towards the role of the input variables in determining the
tribological properties of the composite. It has been found that amorgltyeng elements, Cu, Mg and Mn pay
significant role to enhance tribological properties of AMC. In addition, the suitable range of alumina addition has also
been determined.

Keywords: Aluminium matrix composite, Coefficient of friction, Wear rate, Aridic neural network, Genetic
programming.

1. INTRODUCTION

Aluminium alloy has found wide applications due to its high stremgiiveight ratio with adequate ductility. A
constant effort is noticed in design and development of Al composits to meet thenrtestsport industries.

Since wear is a complex phenomenon with nonlinearity, it is hardly possible to capture the entire process in an
analytical platform. In handling such situations, data driven models are successfully employed to explore
solutions of ach problemdq1-4]. The objective of the present work is the creation of two sets of data driven
models by different machine learning approaches to analyze the tribological behavior of the AMC. Learning by
the two techniques, ANN and GP, are compared.

2. METHODOLOGY

Around 500 data of last forty years were acquired from published papers. In this work, a multi layered feed
forward type architecture is used, trained with scale conjugate gradient back propagation method. In GP modeling
the same database isedsThe evolving structures in GP are hierarchically well organized with the aid of
mathematical expressions, size and form of which change dynamically in a process of simulated evolution.

3. RESULTS AND DISCUSSION

S

He /m
CB.»

-] —
Cuy  —
1
Fe mH
Heat,. n——
M
51
Fe
Al el
P artinim

b
Mg
S
1203 1
|

Particle siz

(@) (b)
Fig. 1: Sensitivity analyses from the ANN models of (a) wear rate and (b) COF
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Table 1: Models generated by genetic programming

Properties GP Models

Total a LAMg &0 (/e
Elongation é%o.zzow Ami) St D ((Si+ Amt)+ Hea)
Wear Rate | ((Amount Mn)- (Cu+ Load))* 23%38

C -

.. o . a A ")
Coefficient a Cu o+3e m/sv 8

of friction | &Cu- 3.8998% - 032878

The sensitivity of wear ratend coefficient of friction (COF) shown in Figure 1 and the GP models shown in Table

1 have some similarity. In some cases, they are dissimilar. In case of nonlinear models it is not possible to compare
two different models for all parameters.

4. CONCLUSION

(i) Both ANN and GP are capable to develop transparentdiatan models having properties of complex MMC
system. (ii) In composites having superior trimechanical performance Cu, Mg and Mn play the most important
role. (iii) The suitable range ofw@hina addition has also been determined
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Abstract: In recent years carbon nanotubes (CNTSs) is getting huge attention from the tribologists worldwide, due to its
outstanding intrinsic properties. Several studies had reported that the CNT can be a potential frictear asdusing

agent that can be used as reinforcement, lubricant additive or as protective film. However, the scope and the potential of
CNTs for the lightweight tribological applications and the underlying frietiear mechanism of CNT are yet to be
explaed to realize its commercial viability. Hence, a comprehensive tribological investigation is inevitable to explore to
the underlying tribemechanism of CNT for such types of contact. Phesent study is focused on the frictimear
performance of CNT anthe underlying tribemechanism thereof for the Al/Steel and AMMC/Steio-contacts The
tribologicalcharacteristics are evaluated for both dry and wet sliding condifonsghis purpose CNTs had been used as

the dry lubricating agent, lubricant atide, and as the reinforcement for the compodites results indicated that the

CNTs exhibit the excellent tribological characteristics under the lubricated contacts, as compared to the other modes of
sliding conditions. Based on a separate investigaiiothe prepared suspensions, it is observed that the rheological,
thermophysical, and structural configuration of stressed CNTs are responsible for the improved tribological behaviour.

Keywords: Carbon nanotube, AMMC, Additive, Functionalization, Tribology

1. INTRODUCTION

From the last few decades, the use of solid additives to enhance the lubricating oil properties has been gaining
immense interest. Recently, CNTs have gained unusual attention amongst the tribologists aiming to reduce the
friction and wea of sliding surfaces, as shielding (or protective) film and even in metal matrix composite to fulfil

the functional requirements of various tribological applicatiorS][IMost of the particle based liquid lubricants

are formulated and optimized for cants other than composites. Aluminium metal matrix composites (AMMCs)
have established their visibility as fine alternatives to aluminium monolithic and its alloys. Although, some
tribological studies are available involving CNT as a potential oil additetemost of these studies are carried out

for steelsteel tribecontacts The present study is focused on the frictiegar performance of CNT and the
underlying tribemechanism thereof for tribologically severe Al/Steel and AMMC/Steel-tddacts.

2. METHODOLOGY

In the present investigation, Aluminium alléy6061 is used as a base matrix and SiC along witjraybhite is
usedas reinforcing materials, for the fabrication of hybrid compositANMC) via a low cost and reliable
stir-casting techniqueMWCNT-in-oil dispersions were prepared using ultrasonication process. The tribological
performance of CNT is assessed for dry partictladeicated and oilubricated sliding conditions under the
Al/Steel and PAMMC/Steel contacts. Comparisons of tribglcal performance of these contacts are also made
with that of CNFreinforced AMMC. All friction-wear tests were performed using a-pmdisc type tribometer.

3. RESULTS AND DISCUSSION

The frictionwear responses under the various contacts are showable 1. It can be seen that the MWCNT
remarkably enhances the antifriction and antiwear capabilities both for Al/steelaktiMC/steel contacts,
however, the effect being more prominent in case of composite contacts.

4. CONCLUSION
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From the present aly it is observed that MWCNT can lower the coefficient of friction and specific wear rate for
Al/Steel by 49% and 92%, respectively, as compared to fresh oil condition. On the othét teméhfluence in

the reduction of friction and wear rate by appr88.3% and 80%, respectively, for the compesiez| contact. It

is also observed that séifbricating MWCNTreinforced AMMC performs inferior to that of tribological
performance depicted by the MWCN#-oil lubricant under composite contact.

Table 1: Average coefficient of friction (i) and specific wear rates (SWR) for various conditions.

Test condition M SWR M SWR
(mm3/Nm) (mm3/Nm)
x104 x10%

Al/Steel contact h-AMMC/Steel contact

Unlubricated 0.410 7.070 0.269 1.560

Dry MWCNT lubricated 0.122 5.473 0.084 0.0045

SN500 0.099 1.233 0.060 0.0041

SN500+MWCNTs 0.050 0.096 0.037 0.0008

MWCNT-reinforced AMMC 0.201 0.2049
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Abstract: Aluminium alloys and their composites are often used in aerospatenobile and biomedical applications.
However, mechanical and surface properties of those alloys have not reached up to the expectation. This investigation
focused to improve the wear properties along with structural and surface properties of aluraiséahmiaterials by

physical and mechanical tests. Here, we have developed the novel aluminium matrix hybrid composites using titanium
oxide and graphite as reinforced using powder metallurgical route. The sintered samples were analysed by different tests
swch as, hardness, surface roughness, wear tests and other structural analyses. The obtained results showed that some new
compounds formed during sintering were responsible for improved mechanical and surface properties for different
applications. The weaest showed that there was rapid graphite worn out from the composites, wimeagri&lof 75

and 50 wt%, due to the high content of graphite (10 and 20wt%, respectively). In addition, due to the increase of porosity
in the different hybrid composites thes@s an increase in coefficient of friction observed. Therefore, optimized hybrid
composites with proper sintering condition would significantly help to get suitable structural, mechanical as well as
tribological properties for many advanced applications.

Keywords: Hybrid composite; Porosity; Wear; Aluminium; Titania

1. INTRODUCTION

Wear properties of aluminium (Al) matrix composites is a huge challenge to the several industries. The main
advantages of the particle reinforced aluminiomatrix compositeAMCSs) are the wear properties can be
controlled, the creep behaviour tendency gets lower, and so on. These composites are used as abrasive in high
speed machining tools and as heat shields in the aerospace applications [1]. Several reinforcemdwts, recent
graphene or graphene oxide, are being tried by many researchemn&triXl for improving their wear properties

[2,3]. But still the result is not up to the expectation till date. Therefore, the present study aimed to improve the
physical and wear prepties of the AIMMCs by making nanohybrid composites.

2.METHODOLOGY

The aluminium matrix hybrid composites were developed with different combinations of titanium oxide and
graphite reinforcement using powder metallurgical route followed bysitgpringat 650°C/2h at a rate of
10°C/min and around 900°C/1.5h.

3.RESULTS AND DISCUSSION

Density was found to decrease for all the hybrid composites after sintering process. The hybrid composites having
composition 80, 15, and 5 wt% of Al, titania and graghieéspectively showed best wear resistance properties but
moderate density and optimum hardness compared to other compositions of the present nanohybrid composite
systems.

4. CONCLUSION

The hybrid composites having composition 5 wt% graphite has slovest wear rate due to the formation of
carbides and the graphite in other batches wear out rapidly. Thus, the coefficient of friction for the hybrid
composites would increase as the graphite increase since the porosity of the other hybrid compesaies.incr
Therefore, optimization of compositions of hybrid nanocomposites with proper sintering condition would
significantly help to tune the structural, mechanical as well as tribological properties for many advanced
applications from automobile to aerospandustries.
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Abstract: In this papertheeffect of sliding speed odry sliding wear performance of A356 alloy without and with
0.7%Mg were studied. Commercial-80%Mg master alloy was used for strengthening of A356 alloy. Master alloy and
the worn surfaces of wear specimens were characterized by image analyzer anB$BER&E&LIts suggest that the wear

rate of A356 alloy decreases with increasing sliding speed and shows less wear rate for 0.7%Mg addition to A356.
Change in microstructure, improvement in mechanical properties and formation of oxide layer between the matin
surfaces leads to improvement in wear properties of A356 alloy.

Keywords: Wear rate, Sliding speed, A356 alloy, Worn surface, Magnesium.

1. INTRODUCTION

The wear behaviour of A$i alloys is linked with material related mechanical properties, micrasteu& service
conditions [1].A. T. Joenoes and Gruzleski [2] in their study on the A3567QAlSi) alloy with minor addition of

Mg, concluded that with higher addition of Mg to-A%Si alloy results in the formation of M% phase [3] and

the final struture consists of a fine lamellar and even possibly a fibrous strubtube present work, an attempt

has been made to study the effect of sliding speed on the wear behavior of A356 alloy with and without Mg
addition and to correlate with microstructaned mechanical properties.

2.METHODOLOGY

A356 alloy was melted in a resistance furnace under a cover flux and the melt temperature kef€.at 720
Degassing is done with solicbCle,. Al-20%Mg master alloy chips were added to the melt. The melt was stirred

for 30 sec with zirconlt o at ed iron rod. Melts were poured at 0600 mi
for preparing wear & tensile specimens. The 606 min.
wear test pin taken wadmnf X 32mm length (ASTM G99 standards). A gin-disc wear test machine was

used. The disc material is B1 steel with a hardness of HRc45. A constant 90mm track dia. was used. An
analytical balance with a precision of 0.0001g was used to measwveitid of the pin before and after the each

test. The wear rate was calculated from the weight loss method.

3.RESULTS AND DISCUSSION

The effect of Mg addition on the wear rate under varying sliding speeds are shown in Fig.1. It shows decrease in
the diding speed from 0.942m/sec to 3.768m/sec, this decrease in wear rate is for both the case of treated and
untreated A356 alloys. The reason for this is that, at lower sliding speeds, time available is more for the formation
and growth of micro welds, relimg in increase in the force required to shear off the micro welds to maintain the
relative motion, due to which wear rate increases. At higher speeds, there is less residential time for the growth of
micro welds leading to lower wear rate and this suigptbe earlier work of Sarkar [4].

4. CONCLUSION

Wear rate of A356 alloy decreases with increase in sliding speeds. Wear rate of A356 alloy with 0.7%Mg addition
is less when compared to as cast conditions under varying sliding speeds. Increased btnehgthsof A356

alloy results in improved wear resistance. Change in microstructure and formatiorfittertayer between the
mating surfaces controls wear & friction surfaces in the present study.
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Abstract: This work is based on wear mapping of three differdn2h alloy composites reinforced with fibrolite, boron

carbide, and silicon nitride. The percentage reinforcement of the three ceramic particulates in each composite is 8%wit.
The three composites were prepared using the stir casting method. The weaertestarried out under dry sliding
conditions using a pin on disc apparatus for ASTM G99 standards. The disc is made of steel EN31 of 165 mm in diameter
and 8mm thickness. Aluminum alloy LM 25 casted composites were used as pin specimens of 12 mm did32ter a

mm length. The worout surfaces obtained from the pin on disc wear test were subjected to SEM analysis in order to
analyse the wear mechanisms caused by the abrasive medium. The worn surface analysis at constant sliding velocity and
varying loads ofLl9.62N, 38.24N, and 58.84N is carried to find its significance on the alloy and the composites' wear
behaviour.

Keywords: LM25, loads, abrasion, worn surface, wear, sliding wear.

1. INTRODUCTION

Global research in the last decade in the area of metakmanposites (MMCs) has brought to the forefront the
advantages of Aluminum matrix composites (AMCs) among all the other base alloys such as copper alloys,
magnesium alloys, etc. The uniqgue mechanical properties of AMCs have made them as the mosiseddel
engineering composite in different parts of mobility engineering applications, from ship hulls to automobile
pistons, cylinder heads, clutches and brakes, etc. AMCs are preferred because most of these components are in
surface contacts and AMCs élxih excellent wear properties, they are tough and maintain their strength at
elevated temperaturds. most of the applications wear is generally abrasive in nature. Abrasive wear is defined as
the displacement of the material caused by hard particlg®tuberances where these particles are forced against
and moving along a solid surface. It has been reported that the wear behavior of composite depends on
microstructural parameters like shape, size, volume fraction, and distribution of the reinforeschethie
experimental parameters like abrasive size, applied load, sliding distano® petmber of fabrication techniques

such as stir casting; squeeze casting and powder metallurgy are available for the development of aluminium
matrix composites. Amanthem all, stir casting is one of the most elementary and cost effective method to
fabricate AMCs. Baghchesara et al. [1] fabricated aluminum composites reinforced with nano magnesium oxide
powder by stir casting and powder metallurgy process and mischstal results observed more porosity in
composites fabricated by powder metallurgy. Kandpal et al. [2] suggested that the quality of fabricated composites
by stir casting can be highly improved by controlling stirring temperature, stirring speedg stineén preheating

time etc. Singh and Rai [3] fabricated aluminium alloy composites reinforced with preheating boron carbide at
650°C for one hour in order to remove moisture and gasses and high drop temperature after mixing. The
significant challengesni the stir casting process are a uniform distribution of the reinforcement particles,
wettability, porosity, erosion of the stirrer blades and reinforcement mixing rate [3]. Wettability of reinforcement
particles with aluminium matrix can be enhanced tirglwetting agent. Magnesium is the most common using
wetting agent and suggested to add about2olby many researchers [4This paper aims to examine the effect

of different loads on LM 25 matrix reinforced with three different reinforcing maseniamely fibrolite, Silicon

Nitride and Boron Carbide. Fibrolife fine-grained, acicular higkemperature variety of A5iOs with a density

of 3.24g/cn?¥. Silicon Nitride is a thermally stable ceramic with a density of 8/&6¢. Whereas, Boron Carbide

is a very hard mineral with a density of ZJfen?. The three ceramics are chosen on the basis of increasing
hardness on Mohés scal e, fibrolite has a hardness of
The three sets of composites I, and B1 are fabricated with weight percentage of 8% and tested at 19.62N,
38.24N, and 58.84N under constant sliding distance and velocity. The worn surfaces were compared, analyzed
and studied.
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2. RESEARCH METHODOLOGY

The composites of the differentiméorcing materials namely fibrolite, silicon nitride and Boron carbide with
LM25 matrix were fabricated using stir casting technique. The method involves the melting of LM25 matrix with
continuous stirring, followed by the addition of preheated reinfoecgiparticles, namely F1, S1 and B1 at 400°C

for 30 minutes. The furnace temperature initially was 450°C which was gradually elevated to 850°C. The next
step involved pouring the melt into a preformed cavity, followed by cooling and solidification. Althetig

casting is an easy and economical technique for fabrication of composites, but a common problem is
agglomeration of reinforcement particles. This problem can however be minimized by vigorous stirring at high
temperature. For this investigation, ttin®lten mixture was poured into cylindrical steel molds and allowed to

cool and three sets of LM25 composites with weight fractions of 8wt% of F1,S1 and B1 were fabricated.This
experiment was carried out under dry conditions and used ASTM G99 standdsdtestiwas performed at
constant sliding velocity and at various sliding distances with varying normal loads. The amount of wear was
measured in terms of mass loss, for that, a weighing machine with the least count of 0.00001 g hasth#ga used
pin-on-disc tribometer is equipped with a higjuality frictional sensor to give fractional force at the contacting
surface. Each test is repeated three times for each composites sample to maintain accuracy. Acetone was use to
clean the surfaces of the disc andnposites pin before the commencement of the tests. To maintain uniformity

the normal applied load, and relative speed of the disc were kept constant during the running period of the
experiment. The disc was maintained at a fixed rotating speed, and dkealimaneter of the disc was fixed
according to the requirement for each experiment. The normal load was applied by using a dead weight with the
help of pulley wire system.The worn surfaces of the three set of composites were studied under scanning electron
microscope.

3. EXPERIMENTAL

The LM 25 was first tested at each speed and the worn surfaces of the three set of composites at each sliding speed
were compared with that of the base alloy. The sliding wear surface of the three set of composites dlt dfie spee
1.93 m/sec and at the applied pressure of 0.2 Mpa is shown in Fig 3.2(a, b,c). The grooves are noted to be
continuous and shallower as compared to the base alloy . The wear surface during seizure at this speed
demonstrates severe surface damage fan81B1.The grooves become more defined when the speed increases
(Fig 3.3)). It is also noted that at 5.5 m/sec and before seizure the damage of the surface is relatively low (Fig
3.3(c)) as compared to that at the lower speed (Fig 3.1(a)). However derige at this speed, the surface
damage is more severe (Fig 3.4) as compared to that observed in Fig 5.30(b). Indications of particle fracturing
were also observed in the composite as marked by the arrow in Fig 3.5.

4. RESULTS

Results of Dry Sliding War at Various Loads of LM 25 + 8% Reinforcement composite of Samples F1,S1 & B1.

5. CONCLUSION

Wear rate of the alloy and the composite depends on the applied load and the abrasive size. It is seen that at lower
loads and finer abrasive sizes the wear ddtéhe alloy is more than that of the composite. However it was
observed that this trend was reversed for higher loads with coarser abrasive sizes.

NOMENCLATURE
Al'T Aluminium, MMCi Metal Matrix Composites, AMC Aluminium Matrix Composites

SEMT Scaning Electron Microscope, wt %weight percentage
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Abstract : Fibre metal laminates (FML) play a significant role in the transportation industries. A novel attempt has been
made in the present study to reveal thetmasical and tribological properties of the FML (Glass/AZ91D/Glass). The
glass fibre used is of fliagonal fabric to enhance the shear properties of the FML. The laminates were prepared by hand
layup technique, which was cured in the compression mouldagine. Mechanical tests such as tensile, compression,
flexural, and lowvelocity impact were conducted on the FML samples. The mechanical properties obtained by the
Magnesium based FML are the tensile strength of 227.3 MPa, the compression strengtiBéa 1the flexural strength

of 231.3 MPa, a flexural modulus of 15618.5 MPa, and the energy absorbed by the plate was of 93.648 J, respectively,
which were better than the conventional laminates. The wear rates were also found to be better than abnvention
laminates. The present work will be highly beneficial in material handling equipment.

Keywords: Fibre metal laminates, hand layup, tensile, compression, flexuraldmgity impact.

1. INTRODUCTION

Composites play a significant role in the aerospaud defense sectors. These materials have many advantages
over other metallic materials such as high strength to weight ratio and lightweight. Therefore incorporating a
polymer layer and a metallic layer led to the novel attempt of fibre metal laminaiggliado et al. [1] studied the
properties of FML where carbon fibre (woven type) was used as core material while steel was used as a skin layer.
A threepoint bending test was carried out, and it showed a rise of 48% improvement in its strength. Salarma et

[2] investigated the tensile behavior of@Fbased FML. The strength of the FML was higher under high strain
rates, which was due to the presence of metallic layers. Nallusamy and Karthikeyan [3] reveal the wear
characterization of GFRP compositeshwgranite powder. The filler material was blended with the matrix with
varying concentrations ofB wt%. It was concluded that the wear rate of the 5 wt% granite powder had a better
wear resistance than the other composites' compositions. Ansari [@ atudied the wear and friction
characteristics of CF with stainless steel wire mesh polymer composierisc test was carried out on the
CF/SSWM FML with high carbon alloy (EN31 steel) as a pin. It was concluded that when the load was increased
from 10 to 40 N, the disc's wear rate also increases. The above literature discussed the fibre metal laminates and
the gap was identified with Magnesidmased fibre metal laminates. Much work has not been reported on this
type of FML. Therefore the currentrk deals with the mechanical and tribological properties obisised FML.

2.METHODOLOGY

Magnesium based FML is made using the hand layup method. The materials used for this FML are Magnesium
AZ91D cast alloy which is a higpurity alloy that has excellérorrosion resistance, excellent castability and
good strength. As the name suggests, it is a combination of Aluminum and Zinc with 91% of Magnesium.
Magnesium is one of the lightweight structural elements. Like aluminum, most of the place's Magneskuoh is

in the form of an alloy. Combining Magnesium with other metals ormetals may become a great asset in a
magnesium alloy. AZ91D sheet of 2mm thickness is the core, adiddwnal fabric of 0.5 mm thickness are
placed above and below the Mg sheethia form of three layers so that the thickness of the laminate is 5mm.
Various tests such as tensile, compression, flexural, andrétogity impact have been performed to study
Mg-based FML's mechanical properties. Also, airdisc test is performednothe FML to know the wear
properties of the laminate. The following section discusses the outcomes of the tests performed.

3. RESULTS AND DISCUSSION

The outcomes of the mechanical tedigained by the Magnesium based FML are the tensile strength of 227.3
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MPa, the compression strength of 124 MPa, the flexural strength of 231.3 MPa, a flexural modulus of 15618.5
MPa and the energy absorbed by the plate was of 93.648 J, respectively, which were better than the conventional
laminates. Piron-disc test was caed out according to ASTM G99 standards. Wear was calculated using the
weightloss method, and the specific wear rate was calculated using the equation
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Fig 1 Coeffident of friction i Al, FML

The specific wear rate of the Mzased FML is found to be 2.72x16m*N-m. Also, the coefficient of friction of
Al and Mg-based FML is represented in Fig.1. It was found that the FML had less COF when compared to Al.

4. CONCLUSION

The mechanical properties obtained by the Magnesium based FML are such that its tensile and compressive
strength was found to be 227.3 MPa, and 124 MPa, respectively. Its flexural strength is231.3 MPa, the flexural
modulus of 15618.5 MPa, and the enealpsorbed by the plate was 93.648 J, respectively. This FML is better
than conventional laminates. The wear rates were also found to be better than conventional laminates.
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Abstract: Among all metal matrix composites, A356 is the most applicable matrix due to its low density and exhibits
nominal strength with soft nature. This proposaady is concerned with examination of mechanical and tribological
properties of pure A356 reinforcement with 10wt% power plant waste flyash particles composites were processed by
liquid metallurgy stir casting technique. The fabricated composites expbaaaechigherhardness and compression
properties due to exisice of reinforcements. The wear behaviour of casted composites was tested in Pin on Disk
tribometer apparatus under dry and wet sliding condition at the presieluteicant (SAE 80W90) by \arying sliding

load of 10N40N and sliding velocity of -B m/s respectively. Wear rate increase with the increasing load and sliding
velocity. The usage of lubricatendsto decrease the wear rate by reducing the friction when compared to dry sliding
method. This was ascribed due to lubricant and constructive embedding with bonding ability of flyash particles over the
A356 matrix. This outcome shows the improved abrasion resistance and adhesive properties.

Keyword: Composites, Metallurgical Mechanical &y and wet Tribological behaviour.

1. COMPOSITE PREPARATIO N

By the method of liquid metallurgy the aluminium based matrix alloy and composites were prepared. First, for the
preparation of pure alloy, a homogeneous liquid phase was obtained by nelth®56 alloy in form of ingots at

a temperature of at 725°C. Then the molten metal was poured into a die which was preheated at 225°C and
solidified pure alloy was obtained. Secondly, by adding 10 wt% of fly ash particles the composite was prepared.
Theparticles were preheated in air at 600°C for 2 hours the vortex was created with the help of mechanical stirrer
rotating at a speed of 400 rpm. Dispersion of flyash particles in the melt was carried at 725°C. The die steel
moulds were preheated to arourgD2C before pouring the melts. Then the liquid metal was poured into the pre
heated mould and applied for squeeze pressure 140MPa for few minutes. Thus the composite specimen is
prepared and ready for testing.

2. RESULT AND DISCUSSIONS
Microstructure andnechanical study

For this the A356 alloy and stir cum squeeze casted A356 reinforced with 10 wt% flyash were carried out by
microscopy and scanning electron microscope. In this regard it is evident that A356 reinforced with 10 wt% flyash
composite samplegsses uniform distribution of flyash over the aluminium matrix and also no clusters were
observed. The observed hardness was 58VHN for A356 alloy and 82VHN for stir with squeeze casted A356
reinforcement with flyash respectively.

Examination of wear rate

The wear rate of A356 metal matrix and stir cum squeeze casted A356 alloy with 10 wt% fly ash particles were
examined in this study. When both the testing samples were subjected to wet sliding condition there were slight
increases in the wear rate withryimg load (10kN to 40kN). Thus, better results of wear rate were found under
wet sliding environment than dry sliding condition. This attributes to the presence of lubricant SAE80w90. The
existence of lubricant forms a thin film of friction resistancestdyetween counter surfaces of sample and pin on
disk apparatus which paves way to reduction of acting frictional force and observes heat produce by striking of
two surfaces.
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3. CONCLUSION
The study was concluded as follows;

The composite material A356itlv 10 wt% flyash were productively manufactured through stir cum squeeze
casted technique.

Through SEM examination it was absorbed that stir cum squeeze casted composite have fine grain structure and
uniform diffusion of composite particles (fly ash).

The hardness value of A356 reinforced with flyash (950 mpa) was found higher than the base alloy A356
(640mpa).

Stir cum squeeze casted composite produces low wear compared to A356 matrix. The wear rate found to be
increase on increasing the applied loatbioth tested specimens [1]. The sample under wet sliding conditions had
lower wear than samples tested under dry sliding environment.
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Assessment omechanical properties for aluminium composites using rice husk
ash as a reinforcemen{ID: T097)
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Abstract: In this present investigation Al (6061) alloy has been used as a matrix material and agro waste rice husk ash
(RHA) as an reinforcement to form a composite by using two step stir casting pRidéskas been used because it is

the only agro waste which contains the maximum amount of silica. To assess the performance of the composites the
mechanical properties, microstructural analysis were used. Here tensile strength, hardness, compressarfpfdeti
coefficient of friction with sliding time and ductility. All of these mechanical properties of the composite were tested. The
results reveal ultimate tensile strength (UTS) variance from 115 MPa at 0% RHA to 132 MPa with maximum value at
12% RHA, compression strength variance from 280 Mpa at 6% RHA to 150 Mpa with minimum value at 12% RHA, %
elongation values varies from 10.03% at 0% RHA to 6.59% with maximum value of 12%. The result reveals that the
compressive strength of the aluminum allogr@ases with increase of RHA particles or with the increase in the weight
fractions of RHA particles decreases the ductility of the composites. The frictional force with sliding time in this study
shows a decrease with the percentage change in RHA likewifeeecient of friction is also decreased. Though the
resultant composite product has stable hardness, strength. At every level of replacement of the ash addition there are
prominent differences among the means of each property of composites areaeaydigg the variance. Different tests

have been done so that analysis of performance can be completed. The study of aluminum composites can lead us to new
phase of different products, parts and production. By XRD we get the SiC presence in maximutiopriggdRHA

samples.

Tribological characterization of iron based seHllubricating composite under dry
sliding conditions(ID: TO05)
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Abstract: In the present study, iron based dabfricating composites were prepared using powder metallurgy process.
Tribological as well as mechanical properties of Iron Molybdenum based composites with varied aoBtainim

Fluoride as solid lubricant were studied under different experimental conditions. The influence of normal load as well as
sliding distance on friction angear behaviour was studied. Dry sliding trtests were conducted on a Reciprocating
ball-on-disc tribometer. From the results, it is reported that hardness and compressive strength is higher for base
composition compared to the composites samples. Introduction of Barium Fluoride increases the tribological properties
of the composite. The coéffent of friction as well as wear volume was least for 8 wt. % solid lubricant sample.
Self-lubricating behaviour of the reinforcement was responsible for the improvement in the tribological properties of the
fabricated composite samples.

Keywords: Metali matrix composites, Coefficient of Friction, Wear, Selforication.
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Abstract: The development of lightweight materials is a trending topic in research for applicagamoofobile

industry, defense applidahs and aerospace applications. The metal matrix composites combine the properties of metal
matrix material as well as reinforcement material with addition of particulates to form a lightweight material called as
hybrid metal matrix composite. The mostrmmon materials used as a reinforcement material are Aluminum, Tungsten,
Magnesium, Titanium and their alloys whereas reinforcement materials are carbides, oxides, boride, and nitrides. This
paper summarizes the effect of different reinforcement materidladdition of particulates on the mechanical properties

and tribological properties of Al HMMCs. The different optimisation techniques like response surface methodology,
artificial neural network, Taguchi method, and fuzzy logic as soft computing optiionizaethods are reviewed.
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Abstract: In this work, AZ61 magnesium composites was processed using powder metallurgy method. The wear
behaviour of powder metallurgyprocessedAZ61 magnesium alloyeinforced with with A{Oz and MoS was
investigated using pion-disc equipment. The density, porosity, hardnessrostructure andbrasive wear behaviour of

the alloy were evaluated. Microstructurdlacacterization of AZ61Mg alloy showed normally uniform composition
distribution. As compared with AZ61 magnesium alteynforced with A}Os and MoS, the density and hardness
values of AZ61 P/M Mg were decreased. The abrasdar testshowedthat the wear lossf AZ61 P/IM Mg was
increased 8% than reinforced AZ61 Mg. This was due to the strong partimagig bonding and lubrication properties

of the reinforced composites.

Keywords: AZ61, Tribometer, Powder Metallurgy, Reinforcement
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Abstract: The mechanical components often undergo ntetatetal contact causing friction and consequently wear
between the contacting surfaces. It has been a great chalterpe tribologists to reduce the friction and wear. The
present work focuses on the dry sliding wear behavior, based on ASBM sBandard, of three different types of
materials, i.e., aluminium alloy Al 6063 and its two composiés and 10% volume refiorced AkOswith particle sizes

of 3um and 35um respectively using a typical-pmdisc arrangement. The counter body, the disc, is made up of
stainless steel, S804. The simulation of the tests has been carried out through the finite element sinotdthnsys

18.1 by invoking the Archarddés wear model . For alll the tes
applied to the pin at two values of sliding speeds, i.e., 0.15m/s and 0.25m/s for sliding distance of 1000m. The
experiments havghown that the wear increases as the load and the sliding speed increases for all the three materials. The
value of coefficient of friction (CoF) decreases continuously with the applied load except for the random increment for
5% volume reinforced compositit 50N load and 0.15m/s sliding speed. Further, it is found that the wear resistance is
enhanced by increasing the reinforcement content of th@zAdarticles with 10% volume of 35um size reinforced
composite being the most wear resistant material.sithalation result, being coherent with the experimental result, is

able to predict the wear behavior closely and can be used to design the machine components. Also, since the various input
parameters (load, sliding speed, sliding distance and reinforcammetent of A}Os) have distinct influence on the
tribo-performance of wear and CoF, they have been ranked according to their effect by employing the Taguchi analysis.
Accordingly, it is observed that the reinforcement content e©Ahas the highest effe on wear followed by load,

sliding distance and sliding speed respectively while the load has the highest effect on CoF followed by sliding speed,
reinforcement content of ADs and sliding distance respectively.

Keywords: Wear, Coefficient of frictionFinite Element Analysis, Ansys, Taguchi analysis
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Abstract: Recent daysCarbon Nanotubes (CNTs) have been considered as an idefarcement in fabricating
Aluminum (Al) metal matrix composites. Uniform dispersion of CNTs in the matrix and interfacial bonding between
CNTs and Al matrix are the major challenges in fabrication. Several researchers attempted with different tedeniques |
mechanical mixing, ultrasonication, ball milling, etc. to improve dispersion of CNTs in Al matrix. The present work is
focused on the influence of ball milling time on distribution of CNTs in Al matrix and to study the tribological properties
of fabricated composites. The ball milled-8INT composite powders for milling times 1, 6, 12, 18 and 24 hrs were
compacted and sintered. The sintered specimens tested using pin on disc wear testing machine. The wear behavior
of the composites are compareith that of pure Al sampldabricated by same route and milling durations. It was found
that the ball milling route is an effective way to achieve homogeneous distribution of CNTs in Al matrix and introducing
CNTs in Al matrix reduces the CoF values.

Keywords: Carbon Nanotubes, Aluminum, Ball Milling, wear behaviour
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Abstract: The automobile industry needs metals or composites with properties such as lightweight, and an
uncompromising strength & specific stiffness with higher rareaistant and coefficient of thermal expansion. Various
other areas like aerospace engineering need far more traditional material characteristics to maintain severe environmental
conditions. The abovsaid qualities led to the useAfuminum Matrix Compsites (AMCs) which are a specific type of
MMCs that are replacing conventional engineering materials in various engineeringlfieldspresent investigation,
Aluminum based metal matrix composite is reinforced with 3%, 6%, 9%, 12%, and 15% weiginitggecof Boron
Carbide (BC) nanoparticles, powder metallurgy technique is used to fabricate to achieve the desired compesites.
effect of wear rate of the fabricated Al 2024 &BNanoparticle MMCs is investigated by the wear parameters such as %
composition of BIC (3% , 6%, 9%, 12%, 15%,within range of Load(10, 20 and 30 N), sliding distance of
(1000,2000,3000 m) also sliding velocity of 1, 2, 3 m/sec. The results of the conducted wear test for theeatiomed
parameters are discussed with extpto FESEM and microstructure of the composites in addition to optimization
techniques.

Keywords: Powder Metallurgy Technique, Optimization of Wear Parameters, Microstructure Analysis of Nano
Composites.
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Abstract: This paper involves the study of megiical and tribological characteristics ofast aluminium A356 metal

matrix composites reinforced with calciuhexaboride €CaBs) particulates. Composite specimens of two varying
reinforcement weight percentage of 2.5% and 5% were fabricated usingssittgcmethod. The hardness and tensile
strength of agast and composite specimens were studied and its tensile fracture surface behaviours were examined
under scanning electron microscope. In addition, wear and friction characteristics were obsea®dasvrand
composite specimens by usingqain-disc tribometer under dry sliding atmospheric condition. The wear and friction test
were performed with three different loads of 10N, 20N and 30N and two velocities of 1m/sand 3m/s parametric
conditions. Theesponses of wear rate and coefficient of friction measurements were recorded for further analysis. Worn
out surfaces of test samples were analysed by using scanning electron microscope and wear mechanisms were studied.
From experiments it was found théte hardness and tensile strength increased in higher weight percentage addition
composites followed by decrease in wear rate and coefficient of friction than other combinational test samples. The
developed higher weight percentage addition composiee@mmended foreplacing automobile components.

Keywords: A356, Calcium hexaboride, tensile strength, wear & friction
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Abstract: A new combination of Aluminium Alloy (AA) 6063 was taken as the matrix material with Zirconium Silicate
(ZrSi04) and Titanium Diboride (TiB as the reinforcement particles were fabricated hybrid composites by stir casting
method. The specimens were fabricated as cast condition initially in further by varying the reinforcement particles of 2
and 4 weight percentage of ZrSi@nd 6wt% of TiBwerekept constant. The prepared three specimens were subjected to
tribometer test under dry sliding condition at room temperature with applied loads of 20 N and 50 N and sliding velocities
of 1, 2 and 3 m/s respectively. The responses for all the test specmgewear rate and Coefficient of Friction (COF)

were measured and calculated besides worn out wear surface mechanisms were studied through Scanning Electron
Microscopy (SEM). The observed results revealed that higher weight percentage of AA6063 vi#ithZ4Sid: and

6wt% TiB2 hybrid composite sample shows lower wear rate and higher COF than other test samples for all the applied
load and sliding velocity conditions. This is due to harder particles plays in the softer alloy shows higher hardness. SEM
analysis revels, when the applied load of 50N with a higher sliding velocity of 3 m/s condition, deep grove and sever
delamination was observed for soft natured test samples followed by absence of crack, delamination, particle pullout and
mild surface damage wabserved for highest weight percentage addition test specimen. The new combination of hybrid
composites has better tribological behavior in which it was recommended for automobile aadtaiocomponent
replacement.

Keywords: AA6063, TiBz, ZrSiQs, Tribometer, wear and friction
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Abstract: Natural fibres are naturally supple and have various properties depending upon their chemical composition and
physical aspects. Banana fibre is a seemdvaf(Musasépipencempsiw
the sisal fibre is acquired from the | eaf of MAAgave Sisalan
largely constitutes of hemicellulose, lignin, and cellulose thus named lignocellulosic fibreo Dhee $tructure and

chemical composition of natural fibres, they have outstanding mechanical properties when used as a reinforcement.

However, if the adhesion on the fibmeatrix interface of natural fibre composite is enhanced, better mechanical and

tribological properties can be obtained. The loss of useful energy in the form of heat due to friction is the major issue for

the design engineers, and this can be reduced with the help of green tribo material. Increase in the fibre loading of sisal

fibre improves the wear and friction characteristics whereas with the increase in banana fibre loading, tribological
properties remain stable and tensile strength increases. Si
area of wear, lubrication anddtion are the major scope of tribology. This paper reviews the tribological properties of

banana, sisal composite and their respective hybrid composites in order to broaden the scope of green materials for

tribological applications.

Keywords: Natural filre; Banana fibre; Sisal fibre; Tribology; Tribological applications;

1. INTRODUCTION

In all over the globe, burden on esgstem is gradually increasing due to the use of synthetic materials. As they
are hazardous to the environment and toxic to the nahe@nly solution to reduce these threats is to maximize

(as possible) the use of biodegradable and natural materials. So, in order to this natural fibre reinforced composite
are the subject of colossal interest among the scientists and researchédystir@amvironmental and ecological
outlook[1], [2]. Natural fibres (NF) are the cellulose dominating material generally composed of approximately
10-20% of lignin, 6670 % of cellulose and some other inconsequential constituents including waxes, pectins,
etd3]. This paper is mainly focused on sisal and banana composites and hybrid comloliéesral fibres are

the centre of ataction due to their characteristics for instance low density, comparable strength, cheaper than
synthetic fibre (as natural fibres are the-grgduct), renewable, abundantly available, bio degradable,
ecofriendly, etc.. Due to these versatile charastas of NFs are admired to be used as a substitute for synthetic
fibre in automotive, aerospace and construction indufitie&/ear, friction, design and lubrication properties of

the contacting surface having relative motion are studied under tribology. From 198@isiie related studies

were given a name as tribological studies. There are six several tests through which the tribological characteristics
of the materi al can be defined. Each of these testsbo
Tribo material have wide range of scope in automobile sector i.e., brake pads, clutch plate, etc, and Medical
science for design of bone joints, reinforcement for bone fractufé].etc

2. TRIBOLOGICAL TEST ME THODS

Following are test methods used for tribological testing

2.1 Block on disc testn this test, the blockke specimen of dimensions 10107 20 mn¥, as per ASTM G699
standards, is held vertical against a counterface such that the contact are remains constant.

1.2.2 Pin on Disc tesiThe operation of pin onist test is similar to that of block on disc except that contact
surface is horizontal unlike the later. The test specimen is of dimensiénsl@® 20 mn? as per ASTM G699
standards.

1.2.3 Block on ring testn this process, the test specimen of dimemsild 207 50 mn¥in accordance with the
ASTM G77, G13795 is brought in touch with longitudinal side of a rotating cylindrical ring such that the arc of
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contact varies along with the sliding time. The load cell measures the frictional force at tlaeénterf
1.2.4 Linear tribo machin& he abrasive surface in these test moves linearly using a power screw while the test

sample placed in the vessel with |liquid containing ab
is direct with thedad cell and the speed regulator.

2.5 Pin on drum testn contrast to linear tribo machine, in the pin on drum test the specimen moves in linear

motion using a powescrew while the drum rotates by the help of chains.

2.6 Dry sand rubber whedrhis tes is in accordance with the ASTM G65 norms with specimen dimensions being

707 207 7 mn?¥. The rubber wheel makes contact with the specimen on the application of load. To simulate
abrasive wear test sand is added to the contacting surfaces.

3. RESULTS AND DISCUSSION:

Banana fibre reinforced hybrid composite (BFRHMpsrat Bashir et dl7]analyzed the application of banana

fibres in brake pads to enhance thermal stability. Powder metallurgy technique was ugsecbimsthuction of

sampl es. Ther mal stability of the specimens was o b1
calorimetric (DSC) and thermo gravimetric analysis (
observed that the specimen witho of banana fibre obtained negligible wear, enhanced binding stability, better

thermal stability and fade resistance. The conclusion also stated that addition of banana fibres leads to stable
friction coefficient and enhanced tensile strength.

Sisal fibe reinforced hybrid composite (SFRHCY. K. Shrivastava et a[8]analyzed the behavioural
characteristics of sisal fibres as a composite reinforcement. t was observed that, t he
material is proportional to the fatgue strength of the material. The <co

incorporation into the composite as a reinforcement, the tribological properties of the composite enhanced

4. CONCLUSION:

The following points can be gathered from the review: atidition of banana fibres results in a stable friction

coefficient. The addition of sisal fibre as a composite reinforcement enhances the wear resistance and overall

tribological behaviour of the composite. With an increase in composition of sisaliféorestar resistance of the

composite increases due to a decrease in specific wear of the PLA composite with the addition of natural fibres.

Lowering the fibre content to O 10 wt% of banana
phenolicfriction materials.
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New multiscale polymer composites for water lubricated tribological contacts
(ID: TO66)
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Abstract: Usage of environmentally friendly tribological materials is critical to the continued development of various
tribological systems. Ultra High Molecular Weight Polyethylene (UHMWPE) has exhibited good performance when
used asacontactsuréac i n water |l ubricated tribological contacts. Howe
desired. In this study, newly developed hybrid composites with UHMWPE as base polymer and Graphene Oxide (GO),
Nano Diamonds (ND) and Short Carbon Fibres (SCH)llass were manufactured. The tribological performance of

these composites in a water lubricated sliding contact and the effect of inclusion of the fillers on the mechanical and
thermal properties of the composites were investigated. Compared to udfililVPE, composite with all the fillers
incorporated had 21% lower friction coefficient and 15% lower wear. It is found that the friction and wear are affected by
the quality of the lubricating water. Both DI and sea water prevent the formation of setrfimsf In sea water
lubrication, deposits are formed from the various salts present which affect the tribological process. It was also observed
with the use of hygrothermal aging at a temperature of 80°C that the friction and wear of the compositet were
significantly affected by the aging conditions, which was attributed to the structural integrity of the newly developed
UHMWPE based hybrid composites.

Keywords: UHMWPE, Graphene, Nanodiamonds, Short Carbon Fibres, Lubricant

1. INTRODUCTION

Traditionaly, only specific grades of UHMWPE, with a narrow particle size and molecular weight distribution
have been deemed suitable for tribological applications. Now, various grades of UHMWPE are available that
differ from each other based on their particle sizé molecular weight distribution. The present study attempts to
address the question of whether the particle size of UHMWPE affects its performance and properties.
Additionally, the effect of processing of the UHMWPE is studied. Furthermore, basediofoth®tion gathered

from studying the UHMWPE viscoelastic properties, various UHMPE composites containing -badszh
reinforcements such as Nano diamonds, Graphene oxide and Short Carbon Fibres are manufactured and
characterized for their tribologicahd physical and other properties.

2. METHODOLOGY
Various UHMWPE were selected (Table 1)
Table 1: UHMWE grades

Particle size  Molecular Density
\(Ii(ellg“r)lfg/mol] [kg/m’]
10um 180 0.94
30um 200 0.94
120pum 200 0.94
140pum 350 0.93
160um 240 0.935

DMA tests were carried out in amplitude, frequency and temperature sweep modes. The thermomechanical
analysis was supported by purely thermal analysis in the form of DSC and TGA tests. TestsnnDisk
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configuration were carried out at different velocities and loads. A variety of lubricants including sea water and DI
water were used. The UHMWPE composites were immersed in water for the duration of 120 days at 80°C to study
the effect of aging operformance and properties.

3. RESULTS AND DISCUSSION

It was observed through dynamic mechanical analysis apdir® bending tests that the particle size and
molecular weight distribution did not affect the thermomechanical properties and tribologitahaace of
UHMWPE. At a frequency of 1Hz in DMA freq. sweep, the difference in G' and G" values between 10um and

160um is approximately 3% and 11%. Similarly, processing had no effect on the performance of various
UHMWPE.

Appliedload  Inconel disc

Figure 1: Pin on disk setip and summary of some results.

Composites performed better than neat UHMWPE in tribological tests. Friction and wear are reduced as much as
21% and 15% respectively in DI water. Friction and wear are observed to be affected by the quality of the
lubricating water. It was also observed that the tribological performance of the composites were not significantly
affected by the hygrothermal aging, due to the excellent structural integrity of the newly developed UHMWPE
based hybrid composites.
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Indentation behaviour of cellulosic fibres/fly ash incorporated polymer
composites at submicron scale(ID: TO01)
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Abstract: Chemically treated short cellulosic fibres (jute and sisal) reinfoted treated silanized fly ash (FA)
dispersed hybrid polymer composites were synthesized by compression moulding technique. Different fillers loading as
5, 15, 25, 35 and 45 wt. % were incorporated within unsaturated polyester (UP) matrix. The mechklaaialbof the

UP matrix and UP based composites was successfully assesses atrttiersalength scale using the nanoindentation

or depth sensing instrumented indentation technique. From the present investigation it is observed that along with filler
addition, the mechanical properties at gulcron scale improved significantly. A successful attempt to investigate the
effect of fillers inclusion within the UP matrix through various nanoindentation derived parameters viz., nanohardness,
storage modulugseduced modulus, elastic recovery as well the dynamic mechanical properties was also executed.

Keywords: Cellulosic fibres, Fly Ash, Unsaturated Polyestéano indentation, Wear rate.

1. INTRODUCTION

Fly ash EA) is major part of coal combustion waste-fmpduct of power plant which is a big environmental
concern that can only be disposed through dumfihgheloss on ignition value plays an important role for its
performance as dispersing phase by suitably removal of the residual carbon &heeritally modified fly ash

severely affects the mechanical properties of orthophthalic unsaturated polyester resin as reported elsewhere [2]
A few studies have been reported where by dispersing natural fibre along with the metal/metal oxide particles can
be sggnificantly improved the mechanical and thermal properties of the polymeric matfdk e current
research is to utilize the waste modified FA along with jute and/or sisal fibre as the reinforcements within the
unsaturated polyester (UP) matrix to @btan economical and partially biodegradable composite

2. METHODOLOGY

The UP based composites with fillers (cellulosic fibres viz., jute and sisal along witlparii@le with a ratio of

45:45:10) were successfully fabricated by compression mouldingiteehThe detailed nanoindentation studies

of the UP and UP based composites were successfully conducted by CSM NHTX S:%6anohardness

tester with a triangular pyramidal (Berkovich) diamond indenter (Réf: B9 3, r adi us of curvatur
a static load of 10 mN and frequency used from 2 to 10 Hz at an interval of 2 Hz for sinusmode and holding time

used from 10 to 120 seconds for standard loading mode, respectively.

3.RESULTS AND DISCUSSION

Load-depth of penetration profiles

Loadimh)

LosdimNy

0

Figure 1. Load vs. depth of penetration profiles for (a) UP matrix, (b) UP/Jute/FA, (c) UP/Sisal/FA
composite and (c) UP/Jute/Sisal/FA composite.
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Figure 2. Variation of (a) nanohardness i), (b) reduced modulus E:), (c) recoveryindex (d), and (d)
residual depth (hp) with holding time for UP matrix and UP based composites.

7.7.4 Nano DMA
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damping capacity @ ~ t) with fréguencyfor UP and UP based composites.

4. CONCLUSION

Along with filler addition the Nanoindentation properties improves significantly. It was observed that the
optimum properties observed for 35 wt. % UP/Jute/Sisal/Fly ash composite.
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Synergic effect of metallic fillers as heat dissipaters in tribological performance of
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Abstract: Brake lining materials are composite materials with highly complex formulation which helps in improving the
braking performance. Selection of friction materials with good phlysisaechanical and thermal properties is very
important which will decide the braking performance. Apart from giving good physéhanical properties, functional

fillers acts as heat dissipaters. The aim of this work is to study the synergetic effechioigmt heat dissipaters namely
copper, brass and zinc powders. Three simplified formulations were developed with 10%, 14% and 18% by weight of
these heat dissipaters and named as DB1, DB2 and DB3 respectively. Tribological properties are testedseising cha
machine following SAE J661 and inertia brake dynamometer following JASO C406 staritlavds.observed that
addition of heat dissipaters increased the thermal properties. DB2 with moderate heat dissipaters had consistent p with
less wear, better fade #nd recovery % at elevated temperatures. Wear mechanism was analysed using Scanning
Electron Microscope (SEM). Preference selection index (PSI) was applied to evaluate the overall performance
parameters of the brake friction composites, as a result DB&t %) was ranked first followed by DB1 and DB3.

Keywords:Heat dissipaters, dynamometer, fade, PSI

1. INTRODUCTION

Metallic fibers are commonly used in brake pads as reinforcement to improve mechanical strength and stiffness,
acts as an aid to promatee formation of plateaus to improve the real area of contact (to increase W) and good
thermal resistance. Metal constituents like steabl, iron powders, copper powders/fibers and its alloys, Tin and

zinc powders are regularly used for efficient heataeal between the pad/rotor interface. A.Sellami et al [1]
analysed the variations of brass in brake pads and 4.5% of brake pad resulted in good fade resistance and wear
resistance above which the particles were removed from the matrix. Similar studgrvied cut by Bijwee [2]

which results in the fact that, thermal conductivity alone will not improve the performance. Accordingly, it is
observed that, mostly copper and brass powders seemed to have more benefits when compared to other metal
fibers. Hencein this work, the synergetic effects of these selected metal fibers namely Cu, Brass and Zn acting as
heat dissipaters are studied. Three brake pads are fabricated by varying the amount of these heat dissipaters and
their properties are studied as perusitial standards. Frictional performance was examined using Inertia brake
dynamometer as per JASO4D6. To identify the wear mechanism, surface analysis is carried out on brake pad
samples.

2.METHODOLOGY

The selected Metallic fibers (Copper, Brass andc are added to brake friction composites as varying
ingredients. Three brake pads are developed with the total of 10%, 14% and 18% by weight of these heat
dissipaters and named as DB1, DB2 and DB3 respectively. The mixed ingredients are compressed using
compression moulding machine followed by curing and post curing. The brake pad along with the calliper
assembly is fitted in the IBD for carrying out tribological testing following JASO C 406 standards. The tested
samples are then taken for surface anslysstudy the wear mechanism.

3.RESULTS AND DISCUSSION

The performance were in the order of DB2 > DB1 > DB3 as shown by the wear graph.
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Increase in metal content leads to more metal to metal contact creating lot of noise and dust.

Moreover higher heat rise at the interface destructs the contact patches causing the destpuction of

This higher contacts increases the temperature at the interface indicated from the time.

4. CONCLUSION
Following are the conclusions drawn from the test conducted,

The addition of heat dissipaters enhanced the friction and wear till 14 wt.% and theeheaissipated to the
ambient.

Though the Ceefficient of friction at 18 wt.%, more metal content makes the rotor wear and increases the
temperature at the pad/rotor interface.
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Influence of alkali treatment in areva javanica fiber and its effect in physical and
tribological behaviour in nao brake friction composites(ID: T023)
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Abstract: Areva Javanica, a wild grown natural fiber, was chemically treated with 5% (W/V) NaOH by varying the
soaking time of the fiber as 45, 60 and 75 minutes. The treated fiber specimens were characterized for its chemical and
thermal properties. The T&Gevaluation showed that thermal stability of the alkali treated fiber was seen increased to
310°C in the 60 min sample. To check the compatibility of alkali treated fiber in composites, the samples were added in
the formulation of the friction compositeSrom the results it was conclusive that the 60 minute friction composites
specimen exhibited significant improvement in properties such as density, hardness, porosity and heat swell. The
tribological evaluation of the composites was carried out throygh an disc tester adopting ASTM G99 protocol at
varying load and speed conditions. The worn surface of the specimens showed the formation of the contact plateaus and
third body layers which were influential in managing the tribological properties obthpasites.

Keywords: Natural fiber, TGA, friction, wear, surface treatment

1. INTRODUCTION

In recent trends, the usage of synthetic and metallic fibers has been regulated in the friction material composition
because of stringent environmental regulatififjs To increase the cellulose percentage, reduce hydrophilicity,
improve surface roughness, and to reduce polysadelsathe Areva Javanica fiber was subjected to an alkaline
treatment process using NaOH solution of 5 (w/v%), and three samples were prepared by varying the soaking time
as 45, 60, and 75 minutes and named ass5B8Jo, 5AJs. To apply the fibers in thcomposites, the AJ treated

fiber specimens were added in the formulation of friction composites and were tested for their physical,
mechanical and tribological properties.

2.METHODOLOGY

The selected fiber calld@apok bush (orfreva Javanicgor) desetrcotton was subjected to alkali treatment with
5% (weight per volume) solution of sodium hydroxide pellets stirred in distilled water with varying soaking
duration of 45, 60, and 75 minutes. The fiber characterization such as chemical properties,RT,|RpXcal
Microscopy analysis, AFM, SEM of the specimens were determined using the techniques pri&cribed

To check the compatibility of AJF as a composite, a total of three NAO friction composites were formulated and
prepared and weneamed as 5A4FC, 5ALFC, and 5A%FC. In the formulation (or) adding of ingredients, the
constituents weighing percentage in all the samples were kept the same as 11 wt%. The physical properties of the
AJF FCb6s, such as har ty,nater absorptop test, Ldsd oEweight @ vghitiory, acetgne r o s i
extraction test, hot and cold shear strength and pin disc Tribology evaluation test were estimated as per the
protocol[3].

3.RESULTS AND DISCUSSION

Through the chemical composition analysis, it couddnbticed that the increase in cellulose content was more
than that in the Adv sample in all the specimens with the maximum value being seen in thgesafdple as

65.91% which was also verified through FTIR and XRD. The TGA showed the maximum degraastiofor

the 5Ado specimen as 310°C. Through the SEM, OM and AFM analysis, it was seen that the treated specimens
were more fibrillated and rough to be better suitable for composites.

The LOI was comparatively hi gdontannThe dveragerdnge fdr theddensity e c a u s
in the treated samples composites was between 2.32 and 2.42Tdglerfriction performance from the specimens

showed that the 5A¢FC had 20% less p than 5#88C and 5A&FC at maximum load and speed conditidns.
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the 5A3sFC the fluctuation for COF was observed to be méhe wear analysis showed that the highest wear
loss in terms of thickness occurred for the BAC (5.3%) with more plateau formation as verified through SEM
evaluation.

4. CONCLUSION

The results provided sufficient evidence that the properties of the fiber specimens were further enhanced than the
3% and raw fiber when they were subjected to 5 wt% NaOH treatment. The physical, mechanical and tribological
results showed that the 45 and 75 ngnspecimens had more wear than the 60 min friction composite.
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Tribological behavior of cera’i metallic clutch friction material in agriculture
tractor applications (ID: T029)
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Abstract: Cerametallic friction material used for higher driveline energy transmissions for stable performance and
increase the clutch life. New cemgetallic friction pad has developed thgh Powder metallurgy route and validated in

the agriculture tractor application. It has coupled with a standard gray cast iron pressure plate (FG 250 grade) and checked
for tribo performances, which include (u, fade, recovery, and wear), evaluated wtith chassis machin&he tractor

level severe test carried out for 25k cycles for understanding the engagement characteristics and thereby predicting the
useful life in a number of engagements. Results show that the sintered friction pad has a vergngfatié friction
coefficient (0.5220.593) even after 25000 engagement cycles. The surface roughness characteristics have evaluated
before and after to understand the engagement and wear pattern characteristiesiefatérand gray cast iroBoth

sintered friction pad and pressure plate showed adhesive wear scoring marks along the sliding direction. Microscopic
features of worn sintered friction pads show silica particle providing the required wear resistance for the pads. The
pressure plate showedransfer layer of oxides and carbon with less scoring marks.

Keywords. Clutch; cerametallic friction; wear, surface roughness and material.

1. METHODOLOGY
1.1. Alloys composition

The import (Europe) sintered friction material composition to analymk @mposition of the material is
described in Table 1.1a.

Contains metals Coppe
Iron - Tin in combinatio
along with lubricant ¢
in-organic abrasive
Chemical composition ¢ dixing ompactior
ingredient is as under
Sr.No. Chemical Name %Weight

Chemical analysis :

Chemical composition :

1 Copper powder 157 25 B :
2 Iron Powder 2571 35 =
3 Tin powder 21 3

Table-1.1a Material Composition in % of weight.

2. TESTS PERFORMANCE
2.1 Testing machine

The samples were submitted to a milling process to guarantee that bothptitedmand the local sintered
materials in the same di mensi ons. SAERGLlinGHASElardsisd we ar
presented in Figure 4.3a. A commercial automobile brake disc, made of grepicasias used as abrasive agent.

An electical motor was linked to the disc using a belt in order to start it.

2.2 Wear

The wear test was made by keeping the material pressurized against the disc for 100 applications. The samples
mass were measured before and after each test, so it was possidtitde the wear suffered by the material.

The friction coefficient was measured after each test to make sure the material wadjugtdld with the disc.

Wear was measured using the following formula:
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2.3. Friction

The friction coefficient of the material was calculated using the following formula:—88— - (2)
3. RESULTS AND DISCUSSION 4 SO EARLOSS

WIMPORT

® LOCALL,
0.2

3.1 Physical properties

mLOCAL

3.2 Wear analysis
3.4 Vehicle level validation.

After the subjective rating, the clutch disc in the
vehicle level it has validated at severe condition B
like filed applications for 25K cycles to ensure
the wear pattern andé of clutch.

Fig 3.2a Clutch disc Clutch assembled

After the validation the clutch disc were removed from the vehicle and measured the wear loss and tribological
behaviorof the Cerametallic friction pad.Disc thickness before test0.50mm Disc thickness after test
10.35mm Delta 0.15mm

4. CONCLUSIONS

This study investigates the effect of frictional characteristics comparison between local Vs imponeGeiia

clutch friction pad and the material composition has verified and made atptahlentCerametallic pad for the
comparison studyBased on the vehicle level validation the product is performing good and after 25K cycles the
wear of friction pad and matting part wear also I&gstered friction pad showed dense crack networks around the
periphery due to thermal cyclimyring engagement and disengagement cycles. Microscopic features show silica
particle providing the wear resistance for the pads. Slight scoring marks were observed in the pressure plate with
little transfer layer of carbon and iron oxide mixture.
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Abstract Silicon nitride ceramic owing to its excellent fracture resistance and high strength behavior, has find its place in
industry as well as in biomedical applications. Theksaelated to the tribological behavior of silicon nitride based
ceramic materials against different material combinations were reviewed in this study. The experimental studies which
include POD pirondisc (POD) tribometer (mostly for commercial applioa), hip simulator (for orthopedic
applications) and computational approaches were mostly used to investigate the wear behavior. The effect of friction,
wear rate and hardness of these ceramics based on other influencing parameters were summarizedheOveral
tribological behavior of silicon nitridbased ceramics showed better tribological behavior rather than silicon nitride
depending on various applications. The use of differentutinocants also showed improved wear behavior because of
reduced digslution rate of silicon nitride for biomedical applications. The parameters like loads, sliding distance, type of
lubricant used, material combination influencing tribological behavior were highlighted in this study based on field of
applications.
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1. INTRODUCTION

Silicon nitride (SiN4) being noroxide ceramic has superior mechanical properties compared to that of alumina
(Al20s) and zirconia (Zr@[1, 2]. Due to the absence of o groups, which is comparatively brittle in nature,
silicon nitride has better wear resistance and finds its applications in many fields like automotive, industrial and
biomedical. Usage of 8\, from tribological applications point of view were reviewfed the first time in this

study. Different parameters influencing the tribological behavior such as load, sliding distance, type of lubricant
were also reviewed in this current study. In addition to that, computational approach using modeling software lik
ANSYS/ABAQUS to investigate the contact pressure and its influence on wear were also discussed.

2. IN-VITRO TRIBOLOGICAL B EHAVIOR OF Sl 3sN4/ SIsN4 COMPOSITES

In-vitro experiments are conducted to mimic the biological environment outside the real biohogitam to

identify the behavior of material under simulated conditions. This approach is widely used to evaluate the
behavior of materials intended for biomedical applications. The parameters considered in tribological study of
SisN4/ SkN4 compositesdr hip joint replacement include gait load, duration of test being carried out, type of
bio-lubricant used, cup inclination angle, head diameter and microsepgghtion

3. CONCLUSIONS

Silicon nitride has gradually found its applications in major fields with its remarkable mechanical and
biocompatible properties. Several studies highlighted the improvements in mechanical, tribological and
biocompatible properties of silicon nitride by adding additite$orm composites. Recently developedN\gi
composite with titania and calcia proved to be excellent biocompatible material for joint replacement. Also,
silicon nitride based coatings showed improved wear rate.

4. DECLERATION
The work has not been preded elsewhere or not being consideration for presentation in any journal.
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Abstract: The wear behavioitsdy on the basalt and sisal fiber reinforced poly lactic acid (PLA) composites are carried
out in this research. Basalt saline treated chopped fiber and treated sisal chopped fiber of 13 um and 183 + 35 um
diameter respectively are blend mixed with PLAvitin screw extruder machine, and the specimens were prepared using
the injection moulding process. Three weight fraction specimens were prepared such H9@BS}o of PLA, 5 wt %

of basalt and 5 wt % of sisal), PB3{(85 wt % of PLA, 7.5 wt % of bagalnd 7.5 wt % of sisal) and PB3{80 wt % of

PLA, 10 wt % of basalt and 10 wt % of sisal). The wear behavior of the prepared specimen was examined using the
pin-on-disk apparatus. The wear rate and coefficient of friction were measured for foumtiewds (10N, 20N, 30N &

40N) and four different sliding velocities (100 rpm, 150 rpm, 200 rpm & 250 rpm). The wear mechanism map was
generated based on the wear regime nature using the Fuzzy Chms&ame algorithm. Based on the clustering, mild
wear,severe wear, and ultsever wear were categorized. The RBSiomposite exhibits a low wear rate compared to

other composites due to the presence of more weight percentages of basalt fiber. The scanning electron microscope
images of the wear region wermpured, and the wear mapping was developed by correlating the wear mechanism with
the corresponding regions in the images.

Keywords: PLA biopolymer composite, Sisal fiber, Basalt fiber, wear mechanism

1. INTRODUCTION

Many researchers have reported thatcomposite materials, the matrix and reinforcements phases occur in
proximity with the interface producing a complex structure that is different from the basic materif®evj2].
researchers have proved tha reinforcing fiber delivers high moduli artiength, while the matrix absorbs the

load and resists corrosion and weathering fi&lnce, an attempt is made through this investigation to study the
influence of different process parameters, including the load (N), sliding velocity in (rpm), % of fibe
reinforcement, and their interactions on the wear rate and coefficient of friction (COF) of the PLA composites.
The objective of this investigation is the development of a biodegradable green composite with PLA as matrix and
a hybrid combination of bagdlber and sisal fiber as reinforcements.

2. MATERIALS & METHODOL OGY

The abiotic processes are found to break down the PLA with the hydrolysis of thecsterithout the need for
enzymes [18]. As long as the monomers (L.A.) are attained from renesvaiies by fermentation, the enzymes

are responsible for the collapse of the residual oligomers. This happens until mineralization takes place during the
biotic degradation stage of the biodegradation process. The 3052 D lactic PLA of injection moldsgvgsa
procured from Natur@ec India Pvt. Ltd., Chennai, Tamilnadu, India. The Polylactic acid wasvan@ed at

80°C for 8 hours before mixing with the fiber in the tvgicrew extruder.

3. RESULTS AND DISCUSSION

The wear map for PBSli hybrid compositess revealed in Fig. 3. The observations made from the wear map
showed the occurrences of mild specimen wear for lower loads of 10 N and elevated pin speed. An increase of
load beyond 10N and speed resulted in the occurrence of severe wear. With higaed Ispeed, the ultsevere

wear was observed, which was evident from the poor wear characteristics of the fabricatédc®Bosite. In

the wear map, the mild wear occupies a small area.
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4. CONCLUSION

The tribological behavior and the worn surfacerphology of PBSi composites were successfully completed.
Based on this research work, the following conclusions are listed.

1. A wear map was drawn for the PBISIPBSt2 and PBSB specimens. Wear values less than 1200 were termed
as mild wear. Severe &ecorresponded to the areas between 1200 to 2400. The area beyond 2400 was termed as
ultra-severe wear.
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Abstract: The present work investigates the behavior of two different abrasives: zirconium silicate and Mullite with
three different particle sizes (54, 44, and 149u)tmn frictional characteristics of brake pads. Six brake pads were
developed using these two abrasives with three different sizes. The effect of the abrasives towards fade, recovery, and
wear was investigated by carrying out the tribological test inasechester following SAE J661 standards. Results
indicated that brake pads with coarser particles generated excellent resistance to fade and an acceptable rate of recovery.
This effect was explained based on the formation of stable friction film obsémeedih the Field Emission Scanning

electron microscopy (FESEM) and testing the microhardness at the surface of the samples after dry sliding. However
coarser particles exhibited poor wear resistance. In comparison, smaller abrasive particles exhilfitetiopostability

with excellent wear resistance. A detailed examination of the wear surfaces was conducted to identify the possible wear
mechanism.

Keywords: Zirconium Silicate, Mullite, Abrasives, Wear Resistance, Friction Stability

Tribological /mechnical investigations of additive manufactured polymer
compositeg(ID: T012)
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SRM Institute of Science and Technology
Kattankulathur, Chengalpattu, Tamilnadu, 603203

Abstract: Fused Deposition Modeling (FDM), a category of Addi Manufacturing (AM) is a versatile form of
manufacturing technology that enables the development of the part layer by layer, of any complex geometry. The
development and utilization of polymer composites for has seen a wide range of implementatieveldgment of
polymer composite by fused deposition technology and evaluation of its Tribological /mechanical prpkiitiesout

in this study. Bronze was added as reinforcement at to ABS ni#texest piecewill be fabricatedn diverse diredbns

to examine the influence of FDM Process parameters.

Keywords: Addtive manufacturingFDM, PolymercompositesTribological/Mechacal properties
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Abstract: The objectives of the current work are focused on fabricating and testing eaxacomposites reinforced
with different concentrations of mulivalled carbon nanotubes (MWCNTSs). MWCMNpPoxy resin nanocomposites are
prepared with the helpf ultrasonic celtrusherandcompressiomouldingprocessSamplesaresubjectedo different
mechanical testing such as tensile strength, tensile modulus, flexural strength, flexural modulus, impacasttength
hardnesgestin accordancevith ASTM standards.It is found that the mechanical performance of MWCN3poxy
nanocomposites are improved significantly with aldelition of MWCNTSs. Piron-disc (POD) was used to analyse the
tribological characteristics of nanocomposites at varying loading conditdms surfaces of POD samples are analysed
using Scanning electron microscope (SEM) to elucidate the wear mechdnismdition, it is experimentally proven
that strong interaction between epoxy and MWCNTSs exist and it helps to improve the intetfengthsbetween the
particles.

Keywords: Epoxy; MWCNT; Nanocomposites; Ron-disc; SEM; Tribology
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Abstract: The usage of sandwich panel structures syndicates low weight with high energy absorbing capacity. Hence
they are suitable for applications in automotigerospace and shipbuilding industries where the lightweight design
philosophy and the safety of vehicles are very important. In the present work, glass fiber polymer composites (GFPC)
with aluminium foam were fabricated using the hanglp method. Sligig wear experiments were conducted under the

dry condition on the fabricated samples. The effect of operating parameters like sliding speed (m/s), load (kg), sliding
distance (m), and seaweed filler loading on specific wear rajen#é investigated. Thiesults showed a minimum wear

rate of 2.4um was obtained for the sliding velocity of 1.5 m/sec, applied load\yfahd sliding distance of 1000 m.
Scanning electron microscopy (SEM) was used to study the worn surface to determine the wear methanism.
exceptional wear resistance was due to fiber fracture mechanism and microcracking.

Keywords: Wear, Glass, Fibre, Aluminium, Foam

127


mailto:rittuak@gmail.com

Wear behaviour of basalt fiber reinforced Polypropylene (PP)hybrid polymer
compositel Influence of Polylactic Acid (PLA) (ID: T024)

A Arul jeyakumar, M Prakash, Abburi Lakshmankumar, Kesuboyina Haswanth
Department of Mechanical Engineering, SRMIST, Kattankulatbbennai603203, India.
*Email of corresponding authoprakashmuniyandi@gmail.com

Abstract: In this work theinfluence of hybridization of polylactic acid (PLA) in the wear behaviour of basalt fiber (BF)
reinforced polypropylene (PP) polymer composite were analysed usirggHaiisk under dry sliding condition. The
components of composites PP, PLA and BF (Chopibed) are melt mixed in twin screw extrusion and followed by
injection moulding. The specimens are named as PPBBEPE PLA 35%, BF 15%), PPB2 (PB5%, PLA 30%,

BF-15%) and PPB3 (RB0%, PLA25%, BF15%) based on their volume fraction. The westeand coefficient (COF)

is measured for each sample subjected to three different loads and sliding velocities. It is observed from the wear mapping
that the wear behavior of sample PPB3 is relatively higher compared to other samples. The scanningielesicopen

(SEM) images of worn out region of the sample shows the fracture and dislocations of fibers in the matrix and the sample
PPB3 shows uniform wear region. It is due to the better cohesion between the fiber and the matrixes compare with the
other sanples The adhesion of matrix and fibers was confirmed by Fotné@sform infrared spectroscopy graph, which
indicates the stretching of molecular structure for the occurrenceédgfadd CH links.

Key words: Polylactic Acid, Basalt Fiber, Wear Behavi@o-efficient of Friction, Wear Region, Sliding velocity
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Abstract: This work attempts to present a study of the automotive disk brake's theznt@mnical behaviour during the
braking period usg the Static Structural and Transient Thermal analysis for vehicle disk brake pad system using finite
elemental analysis. In this work Static and thermal analysis was performed on solid disc and ventilated disc for single
configuration of pad using ANSY$5. The pure pad profile along with both discs has been studied. The analysis is
conducted on the model that lacks thermal properties first. It is predicted for structural performance such as deformation
and vonmmises stress. After that, with the introtloan of heat flux, convection and adiabetic components,
thermemechanical analysis is performed on the same model. The estimate results of temperature distribution, total
deformation and vemises stress are presented. The software tools CATIA and ANSYi&®&/hzh have been selected

for modelling and analysis. CATIA is a widely used 3D modelling technology in the design process. ANSYS is a
software package for general purpose finite element analysis (FEA). The outcome of this investigation assists brake
engheers in choosing appropriate research to determine the disk brake assembly in structural and contact behaviour.
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Abstract: Synthetic superhydrophobic surfaces have drawn significant interest owing to thehresatmt and
self-cleaning applications. However, most of the fabrication practices involves coprpleesses that are unsustainable

to withstand large scale fabrication to transform into standard industrial practice. The desired durability of these surfaces
is another crucial challenge that makes the translation of these products difficult. Ipérisygreported the fabrication

of superhydrophobic aluminum alloy with a simpler, low cost, and ecofriendly technique using the hydrothermal
treatment. Subsequently, the surface energy of the processed substrate was modulated using a chemicalitrapor depos
technique. The developed surface shows an extreme water repellency with a contact angle above 1600 and very low
contact angle hysteresis and rolling angle (<50). Surface morphological characterizations showed the formation of
nanoscale hierarchicalractures which resulted in stable Cassie state due to effective entrapment of air and exhibiting
self-cleaning ability. The developed surface showed extreme wetting resilience during exposure to droplet impingement
under various heights. Further, thespestiydrophobic surfaces were exposed to atmospheric weather conditions to
check the robustness. During rain simulator testing developed surface showed low contact angle hysteresis (<100) after
enduring multiple cycles. The processed surface also showeificsigt dewetting behavior during condensation
experiments and chemical resistance under prolonged exposure. Weathering tests performed under outdoor conditions
showed an insignificant influence on the-wlettability of the processed sample. The prestatly highlights the
fabrication of superhydrophobic durable metallic surfaces through a facile and green fabrication route for multifunctional
applications.

Keywords: aluminium, nanostructures, superhydrophobicity,-Bogging, selfcleaning

1. INTRODUCTION

Ever since the discovery of #Alotus | eaf effecto; extr
and has become a cornucopia for various nfutictional applicationgZhang et al., 2012)Owing to the

limitations associated with conventionabfecation techniquegFeng et al., 2013)a simple, lowcost, and
environmentfriendly technique(Saadi et al., 2017has been utilised to fabricate superloairobic (SHB)

aluminium alloy (Al1100). The evolved surface morphology, wettability and durability assessments has
performed under various extreme conditions for a variety of potential applications.

2.METHODOLOGY

Hierarchical structured AL100 substrais was achieved by abrasive machining followed by hot water treatment
(HWT). The surface free energy of processed substrates was tuned wusing 1H,1H,2H,2H
perfluorooctyitrichlorosilane (FOTES). Surface morphologies were characterised using atomic foxscoper

and scanning electron microscope. Wettability examinations were carried out through the sessile drop method.

3.RESULTS AND DISCUSSION

The mean spacing of the processed channels was observed to be 12.4Qum @T®Y was observedo be
arownd 144.2 nm. The HWT resulted in the formation of nanoscale flakes.
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The advancing and receding contact angleSHB samples were observedI®&2° and 161° with an extremely

low CAH of 1°. This causes significadiminution in the droplet adhesion. High coefficient of restitution (COR)

of 0.5 was observed during droplet impact test indicating stable Cassie state. The samples showed good chemical
and mechanical stability during weathering, simulated rain andt@ngimmersion test.

4. CONCLUSION

This works clearly shows a possibility of tuning wetting to various multifunctional applications for future work.
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Abstract: Precipitation hardening throughe formation of MgZn intermetallic phases is one of the wieliown
methods of strengthening in the 7075 Al alloy. In the present investigation, a salntiealed 7075 Al alloy specimen
was subjected to rolling at suero temperature regime and artiiicaging at 120°C for 5 h. The tribological behaviour
has been studied through parameters likefioient of friction, plastic energy and recovery index as well as wear
resistance coefficients, recovery resistance parameter, and the wear coefficientalseerestimated from the
nanes cr atch data using Archardds equation.

Keywords: 7075 Al alloy; Sukzero temperature rolling; Aging; Wear; Nascratch.

1.INTRODUCTION

The strengthening of the 7075 Al alloy can be achieved through the formation of, ifg@metallic phases
involving the process of precipitation hardening [1]. The mechanical properties of such alloy can be further
improved by the combination of different strengthening mechanigmsgrain refinement and work hardening
along with the preipitation hardening.

2.METHODOLOGY

A solutionannealed 7075 Al alloy specimen was subjected tezeub temperature (approx20°C) rolling

(~25% and ~85% thickness reduction) and artificial aging at 120°C for 5 h. The selected aging duration is the
peakagi ng duration for this alloy, determined by conduc
solutionrannealed at 480°C for 1 h.

3. RESULTS AND DISCUSSION

The peak ageing condition for T6 sample was found out to be at 120°C for 5 hrdurhigarises due to probable
formation of the primary equilibrium precipitate phase MgZhhe tribological behaviour has been studied
through parameters like efficient of friction, plastic energy and recovery index and the scratch hardness was
also etimated using nanscratch measurements.
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The scratch hardness was found maximum for theBF $amples. Wear resistance coefficients, recovery
resistance and wear coefficients of the thermomechanically treated samples were estimated frorstinatoano

data using Ar char dhowtha theuaoy sampie. subjedted to B586shicknéss reduction after
aging treatment of 5 h at 120°C shows the highest resistance to wear.

4. CONCLUSION

The peak ageing condition for T6 sample was found out to be at 120°C for 5 h duration. This candition
maintained for all the other thermomechanical processing (T8 and T9 schedule). It has been observed that the

alloy sample subjected to 85% thickness reduction after aging treatment of 5 h at 120°C shows the highest
resistance to wear.
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Abstract: Hydrophobicity is a significant property of a surface, which proves to be a deciding factor for usage in areas
such as lubrication retention, material wear reduction; stfning surfaces, fluid flow analysis, development of
Oleophobic (lipophobic + hydphobic) coatings etc. Surface energy and surface texture are important parameters which
influence the hydrophobicity of a material. Micro dimpling of a surface leads to low surface energy, which has proven to
be favourable for enhancing surface hydroptithh This paper analyses, fundamental concepts pertaining to surface
hydrophobicity, which have been experimented on and discussed. The experimentation involved laser textured discs of
HSS material having dimple shapes namely circle, triangle and s@harparameters varied were the dimple density in

(%) and dimple area in (min The microtextured discs were individually subjected to a drop of distilled water, and drop
profile was observed for a time span rangirg00seconds, to determine the mostmpitin surface exhibiting the highest

contact angle. Thereby affirming its adherence to property of Hydrophobicity. Amongst the textured discs subjected to
experimentation, it was verified that the disc with triangular shaped dimples having parametersdelirsitye= 10%

and dimple area= 0.01nfjrhas displayed maximum Hydrophobicity (Contact Angle = 1)2Adso, experimentation

results reconfirm that non textured surfaces are least hydrophobic as compared to any of the adopted textured surfaces i.e.
Circle, Triangle and Square.

Keywords: Micro Texturing, Laser Surface Texturing, Hydrophobicity, HSS.

1. INTRODUCTION

Hydrophobicity defines how water interacts with the surface of a material, and whether this water repels or has
affinity to the surface.

Surfacehydrophobicityis a major characteristic taken into consideration for applications in fields related to
surface tribological properties, disodynamic friction reduction, water repellent textiles, environmental
protection, dust and water repellent capacity of solar panels, photovoltaic cells and thermal and energy systems,
waterproofing, antibiofouling (Celiaet al, 2013)

2.METHODOLOGY

In this study, experimentation was done on micro dimpled discs haaiging parameters such as dimple density

(7.5 to 15%), dimple size (0.01 to 0.09 Amnd dimple shape (Triangle, Square and Circle). The apparatus used

for experimentation was a DIGIDROP Sessile drop profiler and the simulation software used was Visioglrop
contact angle was observed at the initial stage (zero to three seconds) and culmination stage (thirty seconds from
start). The contact angles obtained for each individual set of experiment for circular shaped dimples, have been
graphically representkin fig. 1.
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Fig. 1 Plot of contact angle for each experiment of circular dimple.
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3.RESULTS AND DISCUSSION

From Fig. 1 analysing circular dimples of size (0.01 to 0.09)ranmd dimple density (7.5 to 15%), it was observed
that maximum contact angle (28 at the initial stage (zero to three seconds) was observed for dimple size of
0.09mn? and dimple density 7.5%. At the culmination stage (thirty seconds from start) the maximum contact
angle (87.0% was observed for dimple size of 0.04 fmmd dimpledensity 7.5%. Hence it was noted that the
circular dimples with moderate dimple area 0.04%vand least dimple density 7.5% gave us the most optimum
results for culmination stage and the circular dimples with maximum dimple area 0.98nureast dim
density 7.5% showed the most optimum results for initial stage.

4. CONCLUSION

Results indicate that non textured surfaces are least hydrophobic as compared to any of the textured surfaces.
Also, it was observed that the percentage variation in contadé¢ at initial stage and culmination stage was
maximum (135%) for circular dimple having dimple density 7.5% and dimple size 0.91mm
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Abstract: This work deals an experimental study on wesinaviourof friction stir welded dissimilar AA70796 and

AA6063 aluminium alloys. The weldments are fabricated by varying tool traversing sp&é@ (f/min), rotational

speed (10001020 rpm), and axial force 8 kN). Effects of tool traversing speed, rotational speed, and axial force on
wear behaviour of weld zone are analysed by conducting wear tests, measuring microhardness values and examining
microstructural images of worn sades. Taguchi technique is used to analyse the effects of each welding parameter on
wear behaviour. The results of this work indicate that the tool rotating speed is the most influencing parameter on the
wear rate of weldments, when compared to traveigiegd and axial force.

Keywords: Friction stir welding, weight loss, micieardness, Taguchi technique.

1. INTRODUCTION

The second most abundant metallic element available on earth is aluminium, also in engineering applications
recently become a financiabmpetitor. The demand of three essential modern industrial improvements was
adapted to aluminium and its compounds having interesting characteristics and reliable material attributes to meet
the demands, extraordinarily advantage development in théocreaid utilization of the new metal. FSW is an
advanced soligtate welding method broadly used in building of aerospace and military structures (Thomas W.M
etal., 1991). In fusion welding process heat generation was more so the weld metal (aluminiLbm)iguefied

level so that aluminium alloys were not suitable for other fusion welding techniques like TIG, MIG, Gas, Electric
arc welding process. The efficiency of the joints achieved®® when using friction stir welding process which
doesnotdepnd on the working material s thickness of pl at e
only (Mohan. D et al., 2014)n order to minimize the wear rate, Taguchi method has been used to optimize the
weld process variables. The weld joints of 8063 and AA7075 alloys were fabricated with varying traversing
speed (3815 mm/min), rotational speed (10QR00 rpm) and axial force (4 kN).

2.METHODS

HSS tool with hexagonal pin of 5 mm pin diameter and 15 mm shoulder diameter was used for majaimgsbut

To analyse the wear behaviour of each joint, wear test, hardness test and microstructural analysis were carried out.
For wear tests, 16 mm diameter circular pieces were cut at weld nugget. The wear tests were carried out using
rotary drum abrasioresistance tester. Microhardness values across the weld zone were measuiaftilseing

Wolpert micro Vickers Hardness Tester. AA6063 and AA7075 aluminium plates with 150x50x6 mm is used as
base metals to make butt weld joints. In this process, AA6G#8 {3 placed in advancing side whereas AA7075

plate is placed in retreating sid&utt weld joints were fabricated by varying traversing speed revolving speed, and
axial force. In Taguchi technique, to evaluate the performance level of process vaohjeletive functions are
converted into signal to noise (S/N) ratio.

3. RESULTSAND DISCUSSIONS

Frictional heat generation during welding is directly proportional to tool rotational speed Cooling rate during
welding is directly proportional to tool travengi speed andownward axial force and heat input to leading side.
To attain a good bonding at stir zoménenever 6000 series alloys are involved ;$lgrecipitates are formed (R.
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A. Kumar et, al,. 2017). Temperature at stir zone is based on heat gandraing welding. These precipitates
get grow and dissolved at insufficient heat input and reprecipitated at sufficient heddéqpending upon the
heat input variation, percentage of precipitate growth, dissolution and reprecipitation are varied.

4. CONCLUSION

In this investigation, wear behaviour of friction stir welded AA7075 and AA6063 aluminium alloys are studied.
The welding parameters with respect to wear characteristics are optimized using Taguchi L9 orthogonal array.
The welded joints fabricatl with 1100 rpm rotating speed, 30 mm/min traversing speed and 6 kN axial force

exhibits higher wear resistance. The tool rotating speed contributes extensively with the percentage of 65.39 on
wear characteristics.
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Abstract: Poly(ether ether ketone) (PEEK) is a semicrystalline organic polymer. It has widely been used as
high-performance engineering plastic owing to its high melting point, excellent mechanical strength, and outstanding
chemical esistance. Therefore, PEEK and its composites have shown lots of applications in aerospace and medical fields.
However, its application is redistricted due to poor strength at the mechanically joint components. Thus, this scope leads
us to study an altertige method of joint process that will lead to finda new joining process for PEEK based materials. In
this study, a solid state joining process was conducted to join two PEEK rods by friction welding process. Here, we
optimized the parameters such as, é@nd, friction load, and forge time of friction welding that have moreinfluence on
tensile stress and hardness of the material after friction welding process. It has been found that the forge load had highest
influence and forge time had least influemcetensile strength. Their optimal values were calculated after considering

the trend in hardness values by statistical analysis using Minitab software. After the optimal values, the above parameter
showed negative effect on the high tensile stress dhe tthange in crystallinity of the friction welding processed PEEK

as confirmed by Xay diffraction, microstructural and thermal analyses.

Keywords Friction Welding Process; PAEK; Statistical analysis, XRD; Roughness

1. INTRODUCTION

Poly(ether ether é&tone) (PEEK) belongs tosemicrystalline organic polymer called poly(aryl ether ketone)
(PAEK), has high melting point, high strength, and excellent chemical resistance [1].The PEEK composites have
shown good mechanical and tribological properties [2].H@mespplication of PEEKin engineering filed is
hindered by its poor mechanical strength at joint components. Friction welding of dissimilar polymer materials
has been an attractive emerging technique for engineering applications in last few years ¢8jrd haresent

aimed to adopt thefriction welding process as an alternative method of joining process for PEEK for engineering
applications.

2.METHODOLOGY

In this study, a solid state joining process was conducted to join two PEEK rods by friction \peldiegs. Here,
we optimized the parameters such as, forge load, friction load, and forge time of friction welding that have
moreinfluence on tensile stress and hardness of the material after friction welding process.

3. RESULTS AND DISCUSSION

Forgeload hd more influence in tensile strength compared to hardness. The tensile strength of the welded PEEK
is lesser than PEEK rod due to the influence of the temperature evolved by friction during welding. The friction or
temperature further alters crystallini friction welding processed joint part of the PEEK compared with virgin
PEEK rod.

4. CONCLUSION

Considering tensile strength and hardness of the friction welding processed PEEK, the optimal valuesof forgeload,
friction load, and friction time are set 400N, 450N, and 8s, respectively.
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Abstract: The present study investigates thereceived, heat treated, and heattedaand nitrogen treated H13 tool

steels subjected to a thermal shock gradient similar to the actual industrial applications. The thermal shock gradients
were created by using an-frouse built thermal shock fatigue cyclic (TSFC) treatment machine. EffeESFC
treatments at 1000 and 2000 thermal shock cycles in hot and molten metal chambers was noticed. All tieafEEFC
samples were analysed by hardnessay diffraction, microscopy and magnetic tests. The interesting changes in
hardness, distortettystal structure, and crack initiation were found to be different for differently treated H13 tool steel
specimens. The molten Al was more prone to stick to the surface of AR as well as HN steel compared to the hardened H13
steel specimens, which woulcldy the crack initiation. The wear resistance properties of the hardened H13 steel
specimens have shown higher compared to AR and HN after TSFC treatment. The loss in magnetic properties was
significant for the heat treated hardened, and nitrogen treateples compared to-eeceived H13 tool steel specimens.
Therefore, the present thermal fatigue cycles 1000 and 2000 for 30 s at 670°C would worthy to predict the proper heat
treatment method in order to design the parameters as well as lifeaafstig components and to help in economical
production of casting.

Keywords: manufacturing; dieasting; hot work; residual strain; hardening

1. INTRODUCTION

The H13 or hotvorked die steel been used as die infboging, diecasting, hoextruding, and so osince last

few decades [1]. Pressure diasting process has widely been used in industry due to its low cost, high quality,
and short leadime. However, high temperature and pressure deteriorate the quality of tool or die and thus,
increase the cost ofstings significantly by replacing the mould components repeatedly. Thus, the role of surface
treatments is crucial to protect the hot work steel from early thermal fatigue crack formation and/or propagation
[2]. Hence, present study aimed to develop @per simulated thermal gradient to predict the mould or tool
material properties through their structural, mechanical and magnetic properties.

2. METHODOLOGY

In this study, the aseceived H13 steel along with its with its differently heat treatmentsisoneat treated by
hardening and another is hardening followed by nitrogen treated, were subjected to two different simulated
thermal shock fatigue cyclic (TSF€pnditions, which are generally exerted to the die or mould components in
actual industrial cglic heating applications.

3. RESULTS AND DISCUSSION

Results showed that the significant changes in hardness, crystal structure distortion, crack initiation, wear and
magnetic properties due to the imposed cyclic thermal gradients exerted by TSFC tseatr6@&dt°C for 1000
and 2000 thermal shock cycles in hot chamber as well as immersion in meltegtallwere observed.

4. CONCLUSION

This study predicts that the hardened H13 steel samples would delay the crack initiation in hot air chamber as well
as h molten metal and hence, would increase the life of tool ecaliing components. Therefore, the present
thermal fatigue cycle numbers 1000 and 2000 for 30 s cycle time at 670 °C would worthy to predict the life of
die-casting components and to helpeitonomical production of casting.
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Abstract The wear resistance of mechanical parts of irrigation pumps can be improved by deposition of hard ceramic
coatings. Friction tests were carried out on AMSLER machine using thin coatinggOafi MOTiO: (AMDRY 6250)

powder deposited by atmospheric plasma spray (APS) on steel samples obtained by cutting an irrigation pump sleeve.
The tests on AMSLER machine of coated samples with various thickness were realized in dry conditions, low and high
loads and constant sp& the span of the test being one hour. Before and after the wear tests, the microstructure of the
coatings was analysed by optical microscopy (OM) and scanning electron microscopy (SEM). The composition of the
coatings was determined by energy disperX¥inay spectroscopy (EDS). A theoretical model for stress computation in
coatings was employed, the input data being taken from the previous experimental results on AMDRY 6250 coatings of
three different thicknesses. The correlation of theoretical andimgugal results indicated that the proper choose of the
coating thickness play an important role in the position of maximum equivalent stress with respect to the bound interface
between the ceramic coating and the substrate.

Keywords:coatings; optimum flakness; stress state; 8k i 40TiQ;; AMSLER machine

1. INTRODUCTION

Atmospheric plasma spray (APS) deposition of coatings is a versatile thermal process, as it allows deposition of
various powders in a wide range of thickness and porosity values.sistanee of the coatings at mechanical and
thermal stress, and in corrosive environment depends on the quality of both the substrate and coating material, on
deposition method and parameter, but can be influenced by the position of the maximum Vonrbtised ls¢

aim of the paper is to correlate the results of dry friction tests, carried out on AMSLER machine at constant speed
and light and heavy loads, with the position of the maximum Von Mises stress.

2.METHODOLOGY

According to the methodology describin Paleu et a[1] and Paleu Cirlan et gR], mean friction coefficients

were determined from tribological tests, these values being inputs for the multilayer materials contact mechanics

computer program [3]. The proposed algorithm was applied talatitin of stresses in the coated body, aiming to

find the magnitude and position of the maximum equivalent von Mises stress in the sliding contact between a

homogeneous spherical indenter and a coatedspaffe. In order to provide design recommendations

loading levels, three coating thicknesses and three elastic moduli mismatches between the coating and the
substrate were considered in the set of simulations.

3. RESULTS AND DISCUSSION

The results show that, even the friction tests predict favoair@sults for a coating of a certain thickness, the
position of the maximum Von Mises stress may influence the coating resistance to wear (Figure 1).
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@)

max=0.52091

(b)

max=0.51545

Figure 1: Maximum Von Mises stress for AMDRY 6250 coating on steel substrate forsvaoating thickness,
(a) 55.56 um, (b) 87.89 um, and (c) 116.58 pm.

4. CONCLUSION

The magnitude of the maximum von Mises stress may indicate propensity to plastic yield if the yield stress of the
elastic material is surpassed, whereas location in thatyioifthe interface between the coating and the substrate

may favour crack nucleation. To completely validate the obtained results, furthéasbimg tribological tests are

planned.
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Abstract: Co-Cr alloys (Stellite 6) are commonly deposited as Hfacgd materials for improved wear resistance and
higher hardness. In this work, @ alloy has been deposited using plasma transferred arc (PTA) welding process on SS
316L substrate material. Effect of powder feed rate on slurry abrasive behavior of the Stellite 6 layer has been observed
using mechanical and metallurgical characterizati®urry abrasive wear test and microhardness test were conducted in
order to investigate influence of deposited material. Microstructural characterization of Stellite 6 deposited on SS 316L
substrate were carried out. Depending upon the powder feedhmtdeposition efficiency has been calculated and
compared with other process parameters to study the effect on tribological behavior of Stellite 6. Mechanical and
metallurgical investigations confirm that 82 gm/min can be used for the said matedahlination since it has showed

the excellent deposition efficiency and mechanical performance.

Keywords: SS316L, Stellite 6, PTAW, Slurry abrasive wear, Metallurgical characterization.

1. INTRODUCTION

There are many different materials used as hardfaoeugrials, Stellite 6 is one among them. These materials

have good corrosion and wear resistance under varying environmental conditions in industries such as nuclear
power plant, mining, petroleum, etc. (Gurumoorthy et al., 2SB16L material is usex substrate material for

various industrial components like engineering valves, pressure valves, pipelines, etc. in industrial sectors such as
oil, petroleum, chemicals, fertilizers (Mandal et al., 2015). Amongst these components, engineering valves are
usually exposed to slurry conditions in chemical and petroleum plants which demand higher slurry abrasive wear
resistance and hardness at the exposed surface. However, process parameters such as current, powder feed rate,
oscillation speed plays an importarole to achieve improved mechanical properties (Mandal et al., 2015;
Balasubramanian et al., 2009).

2. METHODOLOGY

Plasma transferred arc (PTA) welding process is used as hardfacing technique having minimal dilution and higher
deposition rates in ordeo tdeposit advanced grade materials to increase hardness and wear resistance. Slurry
abrasive wear test and microhardness test were conducted in order to investigate influence of deposited material.
Microstructural characterization of Stellite 6 depositedS® 316L substrate were carried out to understand the
effect of powder feed rate on the overlaid surfacea)Xpowder diffraction (XRD) is used for phase identification

where as optical microscopy is carried to observe microstructure-6f ®ased coatematerial.

3. RESULTS AND DISCUSSION

Powder feed rate plays an important role in deciding the better metallurgical bond between substrate and coated
material. One of the important findings in this paper supported by the previous researchers is theddecreas
dilution with increased powder feed rate. Upon mechanical and metallurgical characterization, it is observed that,
8 -12 gm/min is the optimum range which can be used for better deposition efficiency and mechanical
performance.

4. CONCLUSION

Mechanicaland metallurgical investigations confirm that-82 gm/min can be used for the said material
combination since it has showed the excellent deposition efficiency and mechanical performance.
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Abstract: The current work investigated the lubricating performance of two commgreedes. The base oils in Grease

1 were mineral oil and Grease 2 had polyalphaolefin oil.-Aegr and extreme pressure tests of the greases were
conducted using a four ball tribometer according to ASTM 4172 and ASTM 2783 standards. To further analgse th
behavior of the greases, in the presence of polymer coating, wear tests were carried out usingls@imibometer
according to ASTM G 99 at a normal load of 160N and angular velocity of 400 and 1600 RPM. Additionally, industrial
grade sand waslixed to both greases on a weight percentage basis. A single layer of the grease, now mixed with sand,
was applied on the disc and wear tests were conducted for 3600s with a load of 160N and angular velocity of 400 and
1600 RPM. From the antiear test rsults, it was concluded that Grease 2 performed better than Grease 1 as the
coefficient of friction values were lower for Grease2. From the results obtained from tbe-¢list tests, it was
observed that at an angular velocity of 400 RPM, the coefficieniction values obtained for Grease 2 were lower as
compared to Grease 1. However at an angular velocity of 1600 RPM, it was observed that both greases showed similar
values for average coefficient of friction. The surfaces of the steel balls usetleme pressure tests were analysed

using SEM, 3D profilometer and Raman spectrograph. The polymer coated pins useonidlismtests were analysed

using 3D profilometer. It was concluded that due to the presence of ZDDP in Grease 2, it performéthbébierase 1.

1. INTRODUCTION

This study initially investigates the tribological properties of two commercial grease containing molybdenum di
sulphide and ZDDP additives. Additionally the study was extended to understand the wear of polymer coated steel
surfaces. These types of polymer coatings are generally used in automotive industries. The results will be helpful
for automobile industries in understanding the tribological properties of the greases and the wear behavior of the
polymer pins in the presee of the greases.

2.METHODOLOGY

Two test rigs were used to analyse and study the lubricating performance of the two greasesviz ant
extreme pressure tests were performed using a four ball tribometervéantitests were carried out unddoad

of 392N, for a dration of 60 minutes at a temperature of375The extreme pressure tests of the greases were
conducted by applying loads500 N, 630 N, 800 N, 1000 N, 1260 N, 1600 N and 2000 N. The top ball rotated at
1750 rpm and the test duration was 10 seconds biraimtemperaturé/Vear tests, in the presence of polymer
coating were carried out using a qan-disc tribometer according to ASTM G 99 at a normal load of 160N and
angular velocity of 400 and 1600 RPM. They were two sets of wear tests conditbimat sand, with added sand

acting as impuritiesA 3D profilometer was used to measure the surface roughness of the wear scar on the lower
balls after the tribo tests using the four ball tribo meter and the pin surfaces used in pin on disc. A scanning
electron nicroscope (SEM) was used to understand the severity of the wear occurred during the four ball tests.

3.RESULTS AND DISCUSSION

From the antiwear test results, it was concluded that Grease 2 performed better than Grease 1 as the coefficient of
friction values were lower for Grease2. From the results obtained from tleenglisc tests, it was observed that

at an angular velocity of 400 RPM, the coefficient of friction values obtained for Grease 2 were lower as compared
to Grease 1. However at an angularoeél of 1600 RPM, it was observed that both greases showed similar
values for average coefficient of friction.
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Figure 1.3.1: Comparison of CoF Figure 1.3.2: Comparison of CoFvalues without sand

values without sand

Analysis from 3D profilometer and SEM concluded that Grease 2 had better lubricating charactetistiteof

greases. On further characterizing the greases it was observed that Grease 2 contained additives of phosphates and
zinc while Grease 1 contained molybdenum and sulphur additives, indicating that the greases containing
compounds of sulphur or molglenum might exhibit better tribological properties than the greases containing
compounds of phosphates or zinc.

4. CONCLUSION

From the complete analysis of the obtained results, it was concluded that Grease 2 is better grease than Grease 1.
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Abstract. Ti/TiN multilayer coating was deposited by unbalanced reactive pulsed d.c. magnetron sputtering system.. The
characterization of the coating was done by XRD, SEM, and EDAX. The coating had NacCl type of structure and XRD
results showed the preferential stgllographic orientation of TiN was along [111] direction. The tribological properties,
wear and coefficient of friction of the nanostructured coating was evaluadied reciprocating sliding conditions using
paraffin oil as a lubricant. Although, theneas no significant decrease in coefficient of friction at different loads and
temperature, a significant reduction in wear loss was detected at 100 °C temperature. Finally, the resulting wear tracks
were characterized for their morphology, roughness amdesital composition trough SEM, EDAX, AFM, and XPS.

Keywords: Ti/TiN multilayers, Wear, Nanolayered multilayer coatingeciprocating sliding contact

1 INTRODUCTION

Tribological problems due to friction and wear are one of the major concerns of theigsddshe cutting tools,
automobile, and aircraft industries require solution related to these tribological problems. The multifunctional thin
film physical vapour deposition (PVD) coatings have been used in industries widely to provide unique solutions t
the problems arising from friction and wear. Today, we can design novel coatings in the form of nanocomposite
and multilayer arrangements, which are tailored to meet the desirable propes3isirilthis work, the
tribological behavior of Ti/TiN multdyered coating has been studied in the lubricated environment at 30 and 100
°C, respectively. Paraffin oil was used as a lubricant, as it is the most used and studied lubricant for industrial
applications.

2 METHODOLOGY

Ti/TiN coating was deposited on 10@Csteel and silicon substrates. Reactive unbalanced magnetron sputtering
equipped with four targets was used, and the targets were powered by pulsed DC power sources. All the cathodes
were equipped with-fhch titanium targets. A Ti interlayer was depedibn the substrates for better adhesion of

the coatings. Reciprocating sliding tests were conducted to investigate the tribological properties of the multilayer
coating. 10 mm diameter hardened 100Cr6 steel ball was used to slide against the coatddssubster
lubricated and notubricated conditions. The normal load used was 2 and 7N corresponding to 0.5 and 1 GPa of
Hertzian contact stress, respectively. Sliding frequency of 5 Hz and a stroke of 2 mm was given to the
reciprocating arm. The tests weeronducted at 30 and 100 °C for 18000 cycles.

3 RESULTS AND DISCUSSION

Figure. 1 shows the variation of the average coefficient of friction at different loads and temperatures for
lubricated and unlubricated conditions. The coefficient of friction wahti higher when tested at 100 °C than

the one tested at 30 °C. However, the average coefficient of friction at 7N load is about 10% lower as compared to
2N load at both the temperatures. A similar kind of behaviour was also observed when the coagstedéas
unlubricated condition (Figure. 1). This small difference can occur due to deformation of surface asperities at
higher load. During sliding the peak of the surface asperities get sheared and thereby reduces the surface
roughness to some exteni.[h unlubricated conditions the percentage reduction in COF was more than that of
lubricated conditions, as in the former the COF solely depends on surface asperities while the latter lubricant also
plays a significant role in reducing the COF.
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Figure 1: COF graph under different conditions

The wear obtained at 100 °C is considerably lower than wear at 30 °C because of sounteetriizal reaction
might have influenced the wear surface, which would have formed afitiband protected the surface fro
getting worn out.

4 CONCLUSION

Following conclusions were drawn:

1. The COF did not change much in boundary lubrication condition. However, the COF decreased at higher load
because of shearing of surface asperities at higher load.

2. A significant redudbn in wear was observed when tested in lubricated conditions at a higher temperature.

3. The Raman results showed the formation of TiO2 phase, and no peaks of TiC phase were found.

4. The rutile phase of TiO2 being the most stable phase, increased thesigtance at higher temperature.

5 DECLARATION

The work has not been presented elsewhere or not being consideration for presentation in any journal.
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Molykote T anti friction lubrication coating process establishment on solenoid
armature & it tribo performance (ID: TO30)
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Abstract: Molykote Anti-Friction Coatings typically contain MoS2 (molybdenum utfisle), graphite or PTFE
lubricating solids. Depending on Lubrication need, precise formulations can be engineered with these or other lubricating
solids to provide customized options that meet exact requirements. Product selection depends on sgaricentsgu

the desired coating method and specific advantages for different applications. From selecting the right formulation for the
application needs to be identifying the proper coatigghods thatan rely on Molykote experts. MolyKote coating on
solenoid armature is to act as aftiction lubricant that isuised fordamping and sealindgn solenoids, thermatures

movable: therefore, as voltage is passed through the coibs;rtteguremoves to increase the flux linkage. It does this by
closing thegap of air between the two cores. Hence it is recommended for a dry lubrication. Molykote coating is
generally different from the other coating process since it comes under special process with the special application.
Moreover normal coating processdoédn r eal | y bot her much about the roughness v
Solenoid armature is much different that than other application because of roughness value to be maintained. Mean time,
there is a requirement of only specific portion of the conemt to be coated that leads to masking of the part before
coating. In order to meet the roughness requirement of the component, there are different trails carried to evaluate the
options related to the base preparations of surface, masking and ceatimgiers.

Keywords: Molykote, Surface Roughness, Spray paint

Reciprocating sliding behaviour of solid lubricantcoating over modified titanium
alloy surfaces(ID: TO67)

V.M. Jothiprakash Dr.M. Prem Ananth Dr.M.Vetrivel Seizheh
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Abstract: Tribological behaviour of contacting surfaces rigid sphere with its flat plate under the influence of normal
and tangential loading (shear traction) is analysed using FEA model the surfaces being coated on flatyskaédeas su
by Titanium Alloy, Aluminium Alloy Molybdenum Disulfide. The elastic perfectly plastic contact is assumed on the flat
model. the Results obtain from the software are used in the understanding by the tribological Behawour of t
coatings with respect to substrate .the finite element model facilitates to Evaluating the surface vat@bles i
contact stress distribution at the surface and surface level, contact pressure, shear stress and displdtgtment .the
element solution is validated Through the hertz solution and on the successful verification
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Diamond like carbon coating on ¥TZP for dental implant (ID: TO87)
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Abstract: Background: Zirconia can be used as alternative to titanium implant. Thus, the aim of the expe iz t

thin film Coating on the YTZP achieve surface roughness required for osseointegnstéderial and Method: Y-TZP

material was divided into three groups with different post sintering (polishing and sandblasting) process which was
coated with Rf guttering to obtain thin film coating. Parameters opted in this process was power 200 W and duration of
90min at room temperature. The coated material was further tested by Raman spectrodRbpy3X surface
roughnessResults The results confirm thénin film coating on the material by Raman Spectroscopy the calculation by
"OWO " Warying 0.54 to 0.8. The RD reveal the presence of tetragonal phase-®ZF. Polished YTZP measured the

least surface roughness with range of 0.058 to 0.0397 um whashnet suitable for osseointegration the implant.
Conclusion To achieve the clinical success of dental XP implants and whether the osseointegration -GfZP is
compared to that of titanium, the standard implant material.

Keywords: Thin films, Y-TZP, Implants, Rf Sputtering, Surface Roughness.

Wear, scratch and corrosion resistance of aluminide coating prepared on Ferritic
Martensitic steel (ID: TO55)

J. Purushothamai?, S. K. Alberf , R. Ramaseshanl. Gowrishankér
3Saveetha School of EngineeagirChennai 600048, Indi¥ITD, MMG, IGCAR, Kalpakkam 603102, Indi&aTFCS, SND, MSG,
IGCAR, Kalpakkam 603102, Indidindia Pistons Ltd., Sembiam, Chennai 600011, India

Abstract: The present work aims to study the wear, scratch and corrosion resistatamiaide layer prepared on
Ferritic-Martensitic Steel (RAFMS) by Hatip aluminizing (HDA), subsequent diffusion annealing and oxidation
processes. Dry sliding wear, scratch and corrosion resistance properties of these coatings were measured for the HDA
oxidized HDA and uncoated RAFMS at room temperature using standard test tools, respectively. The experimental
results revealed that the wear, scratch and corrosion resistance of oxidized HDA samples are superior compared to other

samples at all test comidns. Keywords: Sliding wear, Scratch, Corrosion, Tritium permeation barrier and Hot dip
aluminizing.

Influence of mechanical properties otoating and substrate on weaperformance
of h-DLC or TiN - coated AlSI 5140 stee{ID: T011)
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L34Department of Mechanical Engineering, PACE Institute of Technology& Sciences, Ongole, Andhra Pradesh, India
’Department of Automobile Engineering, Madras Institute of Technology, Chennai, Tamil Nadu, India.
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Abstract: In order to improve the wear characteristics of AlSI 5140 ste€l.8 and TiNthin films were deposited by

using magnetron sputtering techue.The wear resistance,hardness of the coatings andsubstrates were evaluated. The
results revealed that,various wear patterns are noticedin both coatings. In tribological tests, noticed thedominant wear
mechanisms of TiN coatings are tribochemical weahssate material removaland wear debris.Nevertheless, the
H-DLC coating experiences wear due to ploughigion,theninor patches of the thin film removed from the base
material and no measurable wear was found by SEM observations. Hence, the dufatidiyponent is improved
compared with substrate and other coatings.

Keywords: Hydrogenated diamond like carbon-pHL.C), Titanium nitride (TiN),Pin-on disc tribometer (POD), wear
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Medico-Tribological investigation of pulsed plasma nitrided austenitic stairgss
steel(ID: TO09)

S.C. Atul* and S. llaiyavel
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Sriperumbudur, India
*Corresponding author: Email: atulsc12@gmail.com; Email: ilaiyavel@svce.ac.in

Abstract: Austenitic stainlessteel grade AISI 304 is one of the most commonly used surgical stainless steel. The
surface of the material was modified using pulplsma nitriding treatment under different experimental conditions
derived from statistical design of experimentsvilino Bacterial sensitivity of pulsed plasma nitrided stainless steel grade

304 was studied using Bacillus Subtilis, a gipesitive bacterium. The specimens were investigated for their
mechanical, tribological and mictziological properties correlating thgrocess parameters like gas ratios, process
temperature under constant process duration and pressure. Bacterial sensitivity tests were conducted on specimens
incubated for durations up to 48 hours. Tests indicate that nitriding has a positive effect@maniiness, bacterial

adhesion and wear loss under dry unlubricated pin on disc tests compared to virgin material. The materials were
investigated using micro Vickers, optical microscope, tactile roughness gauge anr@QEptical micrometer.
Enhancedwwface hardness and improved wear resistance was observed in specimens nitrided at higher temperatures.

Wear behaviour of AA6061 processed by equal channel angular pressing
(ID: TO46)

Kondaiah Gudimetfa S. Surendarnath M. Sreenivasanl and B Ravisar
Department of Mechanical Engineering, Pace Institute of Technology and Sciences (Autonomous), E23jpk2,
Andhra Pradesh, India
Department of Mechanical Engineering, Nal |l a Narasi mha Rec
Hyderabad 500 088, India
3Department of Metallurgical and Materials Engineering, National Institute of Technology,
Tiruchirappalli- 620 015, Tamil Nadu, India
Corresponding Author2*: surendarmech@gmail.com

Abstract: Aluminum 6061 alloy is used in aircraft and mnarfittings, camea lens mounts, bike frames and structural
applications due to the its excellent joining characteristics, good acceptance of applied coatings, combine relatively high
strength and good workability, corrosion resistant. Indeed, wear resistance is onemafsthetal properties that
critically influence the efficient functioning of the devices and components. There are several processes have been
formulated for the production of high strength aluminum. But for the production offinlérgrained materialhrough

severe plastic deformation, ECAP serves as a promising technique than any other metal forming process like cold
working, forging, machining, etc., Though ECAP improves mechanical properties it is important to investigate their wear
resistance sincECAP involves significant grain refinement which in turn plays vital role on frictional properties.
Therefore, a research work has been formulated in order to examine the effect of ECAP on wear propefi@slof Al

alloy. ECAP was carried usingadiewitn gl e 6 6= 90A and corner angle 6Qq6 = 20A t
effect of different passes of ECAP on the wear properties have been studied usingiBmdry wear testing for three
different loads at a constant sliding speed 750 RRMdistance of 5 kms. ECAP processed AA6061 is good in wear
resistance than asceived (unECAPed) AAG061.

Keywords: AA6061, SPD, ECAP, Mechanical Properties, Wear Study
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The effect of deep cryogenic treatments on the microstructure and wear
behaviour of 3.6-C 2.8-Si ductile cast iron subjected to austemperinglD: T082)

*Rinesh K,2Vimal Edachery!Manesh K K 2Aashish John
1 Department of Mechanical engineering, Government college of engineering, Thrissur, 680009, Kerala, India
°Department of Mechanic&ngineering, Indian Institute of Science,560012, India
* E-mail: rinesh225@gmail.com

Abstract: The mechanical properties of ductile cast iron can be greatly enhanced by austempering heat treatment.
Excellent properties of Austempered Ductile Iron (ADIgyigen by its unique microstructure which consists of graphite
nodules, bainitic ferrite and retained austenite. In this work, the influence of austempering and subsequent cryogenic
treatment on the microstructural changes and wear properties ductitecdsts been explored. The ADI samples were
produced by different austempering heat treatments carried out at 2@ 298 for various durations in
KNO3-NaNO3 salt bath and were cooled to room temperature in the open air. These samples were sunjegedito

treatment in liquid nitrogen followed by bringing the samples back to ambient temperature. Wear tests, Hardness tests,
micro structural studies and XRD characterization were done on the samples. Both wear and hardness test results indicate
that he cryogenic treatment on ADI does improve its properties. A 39 % and 35% improvement in hardness and wear
resistance was observed respectively for the33%ustemperedryotreated samples. The enhancement in wear
resistance can be attributed to increased hardness attained from the transformation of retained austenite into martensite
during cryogenic treatment.

Keywords: Austempered Ductile Iron (ADI), Crgenic Treatment, microstructure, wear behaviour, XRD
characterization

Influence of countersurface roughness on twbody abrasive wear of Hastelloy
C-276 in dry sliding conditions(ID: T101)

Aashish Johh Vimal Edachers; Arun Augustin®, Anson Josg Jeel Jols,
Sidharth Sunfiand George Torly

Department of Mechanical Engineering, Mar Baselios College of Engineering and Technology, Trive@801rs
2 Department of Mechanical Engineering, Indian Institute of Science, Bargfo@l 2
3 Department of Meganical Engineering, Christ College of Engineering, Irinjalakuda, Thri68@]25
Email: arunaugustin@cce.edu.in

Anstract: Alloy C-276 finds application in a wide range of process industries. This is due to the excellent resistance to
corrosion it exhibi to a variety of environments encountered in chemical processing and allied industries, which calls for

a need of study in tribological properties. The requirement of enhanced tribological properties has influenced the use of
advanced surface roughnesshigiques for metals and alloys. In the present work, the two body abrasive wear behaviour

of Hastelloy G276, NicketMolybdenumChromium based superalloy, was studied and compared under various
parameters. The dry sliding wear behaviour e27® was slid gainst a counter surface of various grit sized paper. A
constant sliding speed of 0.2 m/s was provided along with a sliding distance 100 m. The contact pressure was varied from
0.5 MPa to 3 MPa. The countersurface grit size was varied from 80 to 32@. dboserved that wear rate improved for
counter surface grit size of 320 when compared to that with 80. The SEM, EDS and EBSD of the worn out pin surfaces
were analysed.
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Transitions in two-body microscale abrasive wear of Hastelloy 22 superalloy
(ID: T 102)
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Anstract: Hastelloy C22 is a nickddasel alloy with high nickel (56%), chromium (22%), and molybdenum (13%) based
superalloy. The @2 is a great alternative to super austenitic stainless steels and can withstand extremely aggressive
media. This suggest the potential usage of alloy in in pigimttubing carrying aggressive chemiskirry media where

it can be prone to two body abrasive wear. In this work, thebiwety abrasive wear behaviour of haste alloy C22 is
explored with micre SiC particles as the abrasive media. The experimentalestwggre conducted by varying the
contact pressures experienced at the particle substrate interface. Thedfwabrasive wear mechanism and the
transitions of the same including third body abrasion due to produced debris were studied. The resultd ghew tha
contact pressure has direct dependence on théwdy abrasive wear behaviour of the alloy. Moreover, the transitions
were found to be influence by sliding distance as well as the contact pressure. Onset of third body abrasion can reduce the
friction and wear of the interacting surfaces. The studies and the findings are expected to give insights into exploring the
possibilities of haste alloy C22 in applications dealing with scenarios like twethoely body abrasion.

Keywords: Hastelloy C22, Two ky abrasion, Micrescale wear

Micro tribological properties of Ti-6Al-4V in comparison to T+6Al-4V
shot-blasted(ID: T104)

Vimal Edachery, Aashish Johf) Rohan Sanjay PateMohamed Waseen
Satish V Kailas

1 Department of Mechanical Engineeringgian Institute of Science, Bangalore
560012, India
2 Department of Mechanical Engineering, Mar Baselios College of Engineering and
Technology, Trivandrur895015, India

Abstract: Shot blasting technique is a surface hardening method that can improveféioe jgtoperties of titanium
alloys. Ti6Al-4V(asreceived) was used to study their surface propertieemparison to shot blasted-8Al-4V. Shot
blasting technique was instigated by blas#hgminium Oxide (Al203) Grits of mesh size 80 on the6Hl-4V surface

with a constanpressure of 0.6Mpa. The 3Burface topography of the sHaasted sample shows substansatface
deformation and increased surface roughness in comparison terduea®d sampld-urther, the specimens were tested
using a reiprocating tribometer tester, where the steel ba#lse reciprocated on the specimen surface at a frequency of
5 Hz under different loadingonditions. The surface characteristics were examined thoroughly by a set of different
machines and techniques, relynoptical profilometer, Scanning electron microscope (SEMQ, Electron probe micro
analyser (EPMA). The results exhibited an increase in ves@éstance by ~87% which was caused due to reduced sliding
contact area, increasd surfaceroughness, and ineased surface hardness. The results conclude that shot blasting
techniquecan improve the tribological properties of Titanium alloys
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New multi-sensing nanotribology test with electrical contact resistance and
friction measurement (ID: TO60)

Ben Beak#, Tomasz Liskiewicz Adrian Harrig, Sam McMastér Anne Nevillé
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Abstract: Nana/micro-scale tribology enables theset of wear to be studied in detail and correlations with friction
forces investigated to aid the design of surfaces with improved wear resistance. Reciprocating contacts occur in a wide
variety of practical wear situations including hip joints and elkdticontacts. In optimising materials for improved
durability in these contacts it is important that the contact conditions can be reproduced. A capability for ragyicléigh

linear reciprocating nanscale wear tests has therefore been developed (Kan@€st) with automatic recording of

friction loops, cumulative energy dissipation and electrical contact resistance. The design has high level of latgral rigidit
providing the necessary stability to perform navear tests for several hours, up to 35@96les and 300 m sliding
distance. High cycle reciprocating nawear tests have been performed on multilayer DLC coatings, and biomedical
alloys Ti6Al4V and 316L stainless steel. Stainless steel exhibited a ductile response throughout the load aange but
abrupt transition to higher friction and fracttdeminated wear occurred on Ti6Al4V. Improved detection of the onset of
wear and the subsequent failure mechanisms was achieved by @ensitig approach where changes to electrical
contact resistanceaxe shown to correlate with friction. Namear tests of noble metabble metal contacts showed

much longer endurance than gold vs. steel contacts although occasional isolated failures were observed in 35000 cycle
tests.

Keywords: micro-wear, biomaterialselectrical contact resistance, reciprocating ranar

1.INTRODUCTION

Deformation and wear begins at the asperities between contacting surfaces but the contact pressures acting on
these are not well known in a typical masaale tribological test witlmulti-asperity contact. The simplified

contact conditions in single asperity tribological tests with much lower forces and sharper probes provide an
alternative approach to study the onset of wear, its correlation with friction, and the influence of surfac
topography and mechanical properties.

As a new singlasperity test technique, an additional microtribology capability has been implemented in a
modular commercial nanoindenter system (NanoTest Vantage) [1]. Table 1 (over) compares the typical conditions
in the new capability for namscale reciprocating wear to other approaches for fpalis sliding contacts
(repetitive scratch and natfieetting) with the same instrumentation. The loading head, load rarg@0(thN, for

low load head) and capability féangential (frictional) force and ECR measurement are common to all three.
Typical AFM wear test conditions are shown for comparison.

Table 1 Typical test conditions in naneand microtribological tests

AFM wear Repetitive nanascratch | Nano-fretting | NanoTriboTest
Motion type Reciprocating | Unidirectional Reciprocating | Reciprocating
Sliding speed 0.0010.25 0.0010.1 0.01 1-10
Track length (mm) | 0.0010.1 0.01-1 0.02 1-10
Number of cycles | 1-50 1-20 1000200000 | 100-30000
Sliding distance (m)| 0.00001-0.001 | 0.0000%0.01 0.01-0.1 0.1-300
Probe radius (um) | 0.021 5-25 10-200 255000

2. METHODOLOGY

The new nanavear capability has been used for reciprocating tests on multilayer DLC coatings, and biomedical
alloys Ti6AI4V and 316L stainless steel. Tesvith integrated Electrical contact resistance measurement were

performed on (i) multilayer electroplated sliding contacts (ii) bulk silver and gold alloys being developed as
157



sliding contact materials.

3. RESULTS AND DISCUSSION

In reciprocating nanaveartests with diamond probes the biomedical alloys Ti6Al4V and 316L stainless steel
showed markedly difference behaviour as a function of applied load. Stainless steel exhibited a ductile response
throughout the load range. At higher loads on Ti6Al4V theas wan abrupt transition to higher friction and
fracturedominated wear after ~20 cycles.

In reciprocating tests noble metabble metal contacts (Adu and AgAg) showed much longer endurance than

gold vs. steel contacts. Improved detection of the onseteaf and the subsequent failure mechanisms was
possible by simultaneously monitoring friction and ECR. Changes in electrical contact resistance showed a
complex correlation with changes to the measured friction, through changes in the electricallyiwodatact

area.

4. CONCLUSION

The stability to perform long duration reciprocating tests, up to 35000-c§6lér- tests, has been demonstrated.
Integrating the capability for high cycle, long duration reciprocating +fancro-scale tests into a carmrercial
instrument extends the versatility of the mifiltnctional test instrumentation.
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Optimization of parameters of single point cutting tool for turning operation
(ID: TO85)

Aveek Chowdhury
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Abstract: In this study, optimization of machining parameters of a single point cutting tool is done for turning operation.
The main aim of this study is to use the mathematical model for the force analysis of the turning operation and compare
the data wit the analytical results found. A carbide inseKyocera Carbide Turning Insert CNMA120404, Grade
CJ215K was used on a simple cylindrical workpiece where the depth of cut and specific force (as per tool material) will
be kept constant. Further ahead,imas permutations were done by varying the feed rate, spindle speed, and cutting
speed of the tool. Once the force was found by theoretical calculations, FEM modelling was done using ANSYS to
compare the data and validate the results found i.e. cuttiogydmd surface roughness. Further optimization was done by
following the Taguchi Method and finding the S/N ratio of the final result found by followindnigteerthe-better

method. The values which were found were validated by using the Tool Life foomalathe experiments done by the
Taguchi Method. Later on, it was concluded that to obtain minimum wear feed rate plays an important role, and to
minimize the surface roughness, feed rate and depth of cut are the main controllable factors. Thesditiation
between the actual and predicted S/N ratio was found to insignificant. Parameter design and optimization with the
Taguchi Method provides a simple, systematic, and efficient methodology for the machining parameters.

Keywords: Turning operation, Ctihg force, Surface roughness, Taguchi Method, S/N ratio, Optimization.

Development of test method for evaluation of engine oils in different inclination
angle with line contact in SRV test machin€ID: T093)
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Abstract: The automotive industry requires extensive long duragststand field trials prior to introduction of engine
lubricants for piston ring cylinder liner assembly in the automobile market. These tests assess friction and wear
performance of candidate oils to compare their tribological performance, and oftenmarids incurring high cost for
lubricant oil evaluation. Typical screening methodology involved in sorting out the best lubricant for furthectdege
tests relies on simple point contact geometry with horizontal position of model test rig in SRutwithecirculation

and replenishment at contact zone. In practical applicationseglifider engines are tilted for balancing purposes and
encounter angular shifts in position due to undulating profile of roads, which affects the overall tribpladarahance

of lubricants in actual vehicle running conditions. Moreover, there is a continuous oil recirculation at the piston ring
cylinder liner contact in engines, which differs from the single oil drop static lubricated point contact test setup.

In this study, an attempt has been made to overcome the limitations of existing screening methodology by utilizing SRV
test machine. Two candidate engine oil samples have been evaluated with oil recirculation setup using a peristaltic pump.
Apart from this, Ine contact geometry incorporating cylinder on disc configuration was realized with the machine to
better simulate the concentrated contact geometry. Tests were designed and conducted for four different inclination
angles of test setup, besides horizomflloperating parameters viz. temperature, frequency of oscillation, stroke length,
time duration, oil flow rate and loads were selected to replicate the actual engine conditions. The results show variations
in coefficient of friction with respect to vang chemistry of lubricating oils. The graphs of coefficient of friction also
displayed marked differences in values when inclination angles were varied for same lubricating oil under investigation.
Therefore, the test method developed is found to be sitalevaluate performance of engine lubricants and is hence
proposed to establish a better screening methodology than the existing one.

Keywords: SRV test machine, oil recirculation, inclination angle, line contact
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Development of test method to detectaar failure using vibration and ferrography

analysis(ID: T092)
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Indian Oil Corporation Ltd., R&D Cer#, Sector 13, Faridabdd®1007, India.

Abstract: The method of operation of machine till their failure and then repair them to make fit for further service can be
very expensive in terms of lost output and machine breakdown. To overcome hazardous aitdatialuced downtime

of the machine, regular maintenance using condition monitoring techniques has been proved to be more economical and
operationally satisfactory. Condition/health of rotating equipment/gear transmission equipment can be analyzed by
measuring the parameters such as vibrations, sound, and temperature. Used oil analysis could also be indicative of an
impending failure. The increasing trend towards predictive maintenance has led to the development of a vast number of
machine condition morating techniques. Vibration analysis and used oil analysis are the two distinct and most readily
used methods in determining mechanical failures in common components of industrial machinery such as gears and
bearings. A correlation between the two techegu.e., vibration analysis and oil analysis concerning gear failure in

FZG test rig have been explored in this experimental study. Three gear oils were tested in the FZG test rig till scuffing
failure stage was attained (each stage time duration waslifesat 900C). Vibration measurements were taken at each
stage in 10th minutes of the machine in both X and Y direction using two channel probes vibration sensor. Only peak
amplitude in both X and Y direction was reported using suitable software. Alsapples were taken at regular interval

until failure stage for ferrographic wear debris analysis. It was observed from vibration analysis results that vibration
trends depends on the oil viscometrics and additives present in oil. Also, it was obisattiee vibration trend changes

and gradually starts rising generally 3 stage prior to failure stage indicating the loading condition upto which the oil can
operate safely for a longer period. This method of condition monitoring can be useful in dia§oaskst of lubrication

failure and /or gear faults and the wear modes of the gearbox resulting from constant overload conditions and cyclic load
conditions of windmills or other machinery using industrial gear oil.

Keywords: Gear failure, condition morting, gear oil, vibration analysis
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