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TTA President’s Message
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Assoc.Prof. Siriluck Vinitchanyong (President of Thai Tribology Association)
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Tribology is the science and engineering of
interacting surfaces in relative motion. It in-
cludes the study and application of the princi-
ples of friction, lubrication and wear. Recently,
the field “Tribology” has received increasing
attention as it has become evident that the
wastage of resources resulting from high fric-
tion and wear is too great. Many research
studies have reported the impact of wear, cor-
rosion, and friction on machinery, manufactur-
ing productivity, and costs.

One of the most important problems usually
encountered in manufacturing industry is in-
volved in the subjects of friction, wear, and lu-
brication. (2-6% of the Gross National Product
in United States). Manufacturing is the largest
sector of Thailand’s economy, accounting for
approximately 46 percent of Thailand’s GDP.
For long-term viability in a competitive market-
place, Thai manufacturing industry needs to
increase quality of locally made components
to enhance productivity and boost its innova-
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capacity. Large and small manufacturing com-
panies need advanced technology. However,
Thai manufacturing industry still encounters
the lack of technology, highly skilled labor, and
infrastructure.

Thus, a centralized resource that assists
existing manufacturing companies, helps at-
tract new businesses to the industry, and cre-
ates opportunities for citizens is needed. As
a result, Thai Tribology Association (TTA) has
been established to raise industry recognition
of Tribology and acts as an important bridge
between industry and academic research.
Our mission is to promote, develop, innovate
and transfer research and development in ad-
vanced Tribology technology to Thai manu-
facturing industry through collaborations with
top-rated experts and research institutes. TTA
consists of top-rated domestic researchers
and collaborates with the international experts
in Tribology. Particularly, TTA is connected
with International Research Group of Tribol-
ogy in Manufacturing (IRGTM) and also Japa-
nese Society of Tribologists (JAST).

TTA is the national leader of advanced Tri-
bology employing top-rated researchers,
promoting leading-edge research activities,
and maintaining strong partnerships with
Thai manufacturing industry. TTA strongly be-
lieves that advanced technology (knowledge
and know-how) and innovation (novel prod-
ucts, processes, and applications) in Tribol-
ogy will be crucial in the sustainable growth
of Thai manufacturing industry. TTA is a cen-
tral resource for advanced technology and in-
novation in Tribology for Thai manufacturing
industry and expands industrial partners for
technology enhancement and innovation.

TTA provides a variety of supports and ac-
tivities that Thai manufacturing industry can
benefit from. There are three main activities
that are the focus of TTA: (1) research and de-
velopment, (2) knowledge and skills develop-
ment, and (3) network development.

| would like to call for your corporation and
support for building a partnership with TTA.
Any partnership ideas, initiatives, proposals or
even criticisms will be welcomes. | also hope
that you find our 1st issue of TTA E-Magazine
useful and beneficial to your applications.
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Written by Dr. John Thomas Harry Pearce (Panyapiwat Institute of Management)
Translated by Mr. Pichitpong Pongsaranun (Khon Kaen University)

oo Dr. John Thomas Herry Pearce (annuumsinnisdoyoynnicud)
1Walog unawsawdd wadasnuun (Uranandgvoulnu)

Tribology is derived from the Greek word “tri-
bos” which means rubbing. The term was orig-
inated in a 1966 report (Jost Report) from the
Department of Education & Science (DES) in
the UK (1). Up until the publication of this re-
port the subject of wear had been generally ne-
glected, most probably due to its multi-discipli-
nary nature. The Jost report stated very firmly
that as a result of this neglect mechanical en-
gineering design had been retarded and large
amounts of money had been unnecessarily
wasted due to the effects of friction and wear
and their consequences. This report showed
that solving the problems of wear could result
in savings of up to 2% of the GNP of the UK. At
present, in Australia the costs for wear parts
alone in the mining and minerals industry are
about 1000 million A$ per year. In the US the
current annual costs of wear are estimated at
between 20 to 100 billion US$, so even today
wear is still a very expensive problem indeed.
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Fig. 1. “Deep ‘groove’ like surface indicates abrasive wear over cast iron
(yellow arrow indicate sliding direction)” by Noim210 - Secondary Electron

Microscopy. Licensed under CC BY-SA 3.0 via Wikimedia Commons



Tribology had developed much of its roots in
the Physics and Chemistry of Solids Group in
the Cavendish Laboratory at Cambridge un-
der Bowden, whose classic text with Tabor
on the friction and lubrication of solids has re-
cently been re-published (2). The DES com-
mittee responsible for the Jost report grew out
of the Iron & Steel Institute conference ses-
sion in 1964, which addressed “ Failures and
Damages, believed to be due to lubrication
and their real causes” in steelworks around
the world. It was recognised that the so-called
“lubrication failures” had their origins in the
interrelationships between mechanical engi-
neering, materials science & technology, and
design — hence the birth of Tribology as for-
mal discipline.
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Fig. 2. Lubrication of the ship steam engine crankshaft. The two bottles of
lubricant are attached to the piston and move while the engine is operating.
(Source:  http://commons.wikimedia.org/wiki/File:Steam_engine_lubrica-

It was therefore (proposed that Tribology
consisted of:

40% Materials Science and Technology

30% Mechanical Systems

20% Lubrication and Lubricants

10% Condition Monitoring, Instrumentation,
Diagnostics, Information, etc.

Some 20 years later in 1986 a detailed sur-
vey across industry in China was published
(3). The investment/potential savings ration
determined from this study was said to vary
from 1:40 for the coal mining industry to 1:76
for the metals industry. These were similar
values to that of 1:64, found in an earlier US
report (4), which focussed on “energy savings
through Tribology”.

At around the same time in 1987 the dis-
cipline of “Surface Engineering” was formally
defined by Bell (5) as:

“Surface engineering is the design and modi-
fication of the surface and substrate together
of a component, as a system, to give cost ef-
fective performance enhancement of which
neither is capable on its own”
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Mechanical Systems 30%
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Since then Tribology has played an essential
role in the considerable advances in surface
engineering towards the concept of “Designer
Surfaces”. Like corrosion resistance, frictional
behaviour and wear resistance, are not intrin-
sic properties of a material, but are character-
istic of a particular engineering system, the
variables of which interact to influence wear
rates, etc. Hence, tribology requires a sys-
tems approach as seen. In many cases this
approach provides alternative solutions to
wear problems instead of that of developing
a more wear resistant material or coating. For
example, in an engine the answer may involve
changing operating conditions such as speed
and loads to coincide with a mild wear regime,
changing the counter-face material, improv-
ing air and oil filtration, and/or changing the
surface topography during final machining of
components (7,8). In a motor car engine the
aims of the systems approach to tribology is
to minimize not only friction and wear but also
vibration and noise.
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Fig. 3. Example of a surface coating on aluminum
(Source: http://commons.wikimedia.org/wiki/File:PEO_surface.jpg)

Over recent years the demand areas for tri-
bological knowledge and understanding have
been identified (9) as:

* Functional reliability in difficult operating
conditions

* Economic pressures

* Environmental pressures

4
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Functionality + reliability is becoming more
demanding in many areas such as space tech-
nology, nuclear power, and in the automation,
miniaturization and computerization of equip-
ment. The environmental pressures have now
become as important as economics in that lu-
bricants, chemicals and materials, used both
during production and subsequent service life
of items need to be “safe” and “green”. Hence
tribology has a vital part to play in future sus-
tainable development. From a human point of
view, an excellent example of the role of tribol-
ogy in improving life is the very considerable

Anudpsnsiuiliidunasenuindededugnenszdugs
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improvements in life expectancy of replace-
ment hip joints from 5 to 25 years.

Fig. 4. “Safe” and “Green” concept for future sustainable development
(Source: Pixabay.com)
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Thai Parkerizing Co., Ltd.
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THAI PARKERIZING CO., LTD.

Thai Parkerizing is a leader in Surface Treatment and Heat Treatment

industry. We focus in best Quality and Technology development to utilize our
l products and service to fulfill our customer satisfaction.
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THAI PARKERIZING

We provide variety of products and service
to apply on each metal surface such as iron and
steel, gavanized steel, aluminum i.e. Our products
are applied to many customer processes since
metal upstream toward OEM (Original Equipment
Manufacturer) finish goods.

Conversion coating chemicals Rust preventive products
» Zinc phosphate coating Depend on your requirement for rust protection
» Zinc calcium phosphate coating » Solventbasetype
» Manganese phosphate coating » Wax basetype

» Metal oxide coating » Water basetype

» Trivalentchrome coating » PIPAK
» Non-chrome coating (Volatile Corrosion
» Stearate soap coating InhibitorFilm)
» Dry-in-place
lubricant coating (PULS)
Rolling oil Other treatment products
Applied as coolant for cold rolled steel process » Degreasing and cleaning chemicals
» Lubricity » Hydrophilic coating on evaporator
» High rolling speed 1 » Coil coating on galvanized steel ..
(Chromate free)
» Short-term rust preventive
chemicals

» Paint remover

THAI PARKERIZING PAGE 1/2



Surface treatment

Phosphate treatment

» Zinc phosphate coating
» Manganese phosphate coating
» Aluminum treatment

» Trivalent chrome coating

Pallube treatment
(Solid lubrication treatment)

» Molybdenum disulfide (MoS;)
» Teflon (PTFE)

Kanigen®
(Nikel electroless plating)

» Ni-P alloy coating

» Ni-P-B alloy coating

» Ni coating with PTFE

» Ni-Co-W-P alloy coating

DELTA-MKS®

» Zinc aluminium flakes

» Small coating thickness (5-20um)
» Cathodic corrosion protection

» No hydrogen embrittlement

TREATMENT SERVICE

Heat treatment

Gas heat treatment

» Gas carburizing

» Gas carbonitriding

» Gas soft nitriding

» Quenchingand tempering

ISONITE®
(Salt Bath Soft Nitriding)

» Quench-Polish-Quench

» Surface hardness/
Wear resistance

» Corrosion resistance

Shot peening

» Fatigue strength
» Modify metal surface

PVD

(Physical Vapor Deposition) SIS
»TIN  » TiC — 2@
» CrN » TiAIN é,a/gf" AN

» DLC (Diamond Like Carbon) -

Surface and
metallurgical analysis

» Microstructure and chemical
composition

» Mappingand depth profileanalysis

» Wear and friction test
» Corrosion test and paint evaluation

SERVICE LABORATORY

Environment analysis
» Hazardous substance analysis
(Pb,Cd and Cr%)
» Waste water analysis
(pH, BOD, COD, TDS, SS, Heavy
metal, Oil & Grease and Cyanide)

Chemical analysis

» Organicandinorganicanalysis
» Qualitativeand quantitative
analysis

Zinc phosphate
standard panel

» Verify corrosion and paint
evaluation

THAI PARKERIZING PAGE 2/2
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Thai Tribology Association
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Written by Dr. Numpon Mahayotsanun (Khon Kaen University)

A group of researchers from both research
universities and national research laborato-
ries in Thailand who have had experiences
working with Thailand manufacturing industry
saw the need of setting up an association to
serve the industry in various aspects and got
together around November 2013. After many
meetings and discussions with both domes-
tic and international experts in Tribology from
both academia and industry, we have formally
established Thai Tribology Association or TTA
and our association was formally registered
in August 2014. It is very encouraging to see
many young and active researchers who vol-
unteer to join TTA as working group members
in order to drive the association forward. It is
also grateful gain several supports from the
manufacturing industry. TTA would like to give
a very special acknowledgement to Prof. Ku-
niaki Dohda, Dr. Hideyuki Kuwahara, and Mr.
Atomo Yukimune for their tremendous support
and contribution to the establishment of TTA.

lt‘JaJloa as.Unwa ureadun urdnendavoulnu)

o o

nauinIdeanvianaumIne deuasaudideufinnisseau
WANTUsEaUNIsalnshuiugaannssun1saninelaias
wiudernudndulumsdadsaunnuiieatuayugnaivnssy
Inglususneuazlaswmiulugnauszanafoungadnieu
vl we. 2556 MenasaInMsUssyskavUinynIeniu
wae9 AU Bt avnsulnslulagnslunagdiasy
WATIIAINAIAIYINTUALAIAGAAIMNTIH  WINKIRILAINAT
= A - £ . &

anaunsdnuseuarnsvaedulnevie TTA Tuwiegradu
mensuazliaamzifowviuduanalufioudonay  wa.
2557 duduussdnduegsidenlaiuinidegulninfiany
nsgRoIesukaridnoranlunsidninauanlugueauBne
Humaiienagnanduauianludmt  wenantuadaly
S0 & aadl ve o <, A

Mantanlasunsaduayuluegefiaingnaimnssunis
wanlng TTA Fseenazlasveuaninruveunaslufivaiv
Prof. Kunidaki Dohda Dr. Hideyuki Kuwahara wag Mr. Ato-
mo Yukimune dwsunisatiuayuLazdasuagummaty

ANSISUNBRY TTA

THAI

TRIBOLOGY

ASSOCIATION

dUNANNISANATaLaznNSasaUlny

Fig. 1. TTAlogo

& THAI TRIBOLOGY ASSOCIATION (TTA)



OUR VISION

To be recognized as the national leader of
advanced Tribology employing top-rated re-
searchers, promoting leading-edge research
activities, and maintaining strong partnerships
with Thai manufacturing industry.

OUR MISSION

To promote, develop, innovate and transfer
research and development in advanced Tri-
bology technology to Thai manufacturing in-
dustry through collaborations with top-rated
experts and research institutes.

OUR VALUES

TTA strongly believes that advanced tech-
nology (knowledge and know-how) and in-
novation (novel products, processes, and ap-
plications) in Tribology will be crucial in the
sustainable growth of Thai manufacturing in-
dustry.

OUR OBJECTIVES

1. To become a central resource for advanced
technology and innovation in Tribology for
Thai manufacturing industry.

2. To expand industrial partners for technol-
ogy enhancement and innovation.

3. To provide testing services and technical
knowledge related to Tribology to Thai manu-
facturing industry, educational institutions, and
related organizations.
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RESEARCH AND TECHNOLOGY FOCUS

MATERIALS LUBRICATION
* Hydrodynamic lubrication
* Hydrostatic lubrication

* Boundary lubrication

* Extreme pressure additive

*Tool and die steels

* High strength steels

* Aluminum

* Advanced materials (magnesium,
titanium, hybrid, composites

SURFACE TECHNOLOGY

* Surface metallurgy processes
 Surface chemistry processes
 Surface layer processes

PROCESSES ADVANCED TRIBOLOGY

* Bio-tribology
* Nano-tribology

« Forming processes

* Machining processes

* Joining processes

* Advanced manufacturing pro-
cesses

Fig. 2. TTA research and technology focus
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TTA has following structure with five main re-
search and technology focus.

PRESIDENT

The TTA president is Assoc.Prof. Siriluck
Vinitchanyong (National Metal and Materials
Technology Center).

VICE PRESIDENT
The TTA vice president is Dr. Numpon Ma-
hayotsanun (Khon Kaen University).

MATERIALS DIVISION

This division offers both fundamental and
advanced knowledge and know-how in ma-
terials, particularly in tool and steels, high
strength steels, aluminum, and advanced ma-
terials such as magnesium, titanium, hybrid
and composites. The division head is Assoc.
Prof. Tachai Luangvaranant (Chulalongkorn
University).

LUBRICATION DIVISION

This division offers both fundamental and
advanced knowledge and know-how in all lu-
brication regimes and applications. The divi-
sion head is Assoc.Prof. Varunee Premanond
(King Mongkut’s University of Technology
Thonburi).

SURFACE TECHNOLOGY DIVISION

This division offers both fundamental and ad-
vanced knowledge and know-how in surface
metallurgy processes, surface chemistry pro-
cesses, and surface layer processes. The di-
vision head is Dr. Panadda Sheppard (Nation-
al Metal and Materials Technology Center).

PROCESSES DEVISION

This division offers both fundamental and ad-
vanced knowledge and know-how in all manu-
facturing processes such as forming, machin-
ing, joining, and other advanced processes.
The division head is Asst.Prof. Thanasan Inta-
rakumthornchai (King Mongkut’s University of
Technology North Bangkok).

ADVANCED TRIBOLOGY DEVISION

This division offers both fundamental and ad-
vanced knowledge and know-how in bio and
nano tribology. The division head is Asst.Prof.
Papot Jaroenapibal (Khon Kaen University).
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TTA COMMITTEE AND COUNCIL

TTA also consists of administrative mem-
bers, working group members, advisory board
members, and collaborative network mem-
bers. Both the administrative and working
group members are the recruited researchers
from research universities and national re-
search laboratories in Thailand. We are also
very honored to have distinguished advisory
board members who are the world’s experts
in Tribology. Prof. Kuniaki Dohda is the chair
of the international academic advisory board.
Prof. Jian Liu is the advisor of the materials di-
vision. Prof. Meng Yonggang is the advisor of
the lubrication division. Dr. Hideyuki Kuwahara
is the advisor of the surface technology divi-
sion, Prof. Peter Groche is the advisor of the
processes division, and Prof. Steven Schmid
is the advisor of the advanced tribology divi-
sion.

TTA is still looking for experts from the indus-
try who are willing to help provide guidance
and directions and act as our industrial advi-
sory board members. We are also creating a
database of our collaborative network mem-
bers from all over the world.
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PRESIDENT

Assoc. Prof. Siriluck Nivitchanyong
(MTEC)

VICE PRESIDENT

Dr. Numpon Mahayotsanun
(KKU)

MATERIALS DIVISION LUBRICATION DIVISION

Assoc. Prof. Tachai
Luangvaranunt (CU)

Assoc. Prof. Varunee Premanond
(KMUTT)
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SURFACE TECHNOLOGY

Dr. Panadda Sheppard
(MTEC)

ADVANCED TRIBOLOGY
DIVISION HEAD

PROCESSES DIVISION

Asst. Prof. Thanasan
Intarakumthornchai (KMUTNB)

Dr. Papot Jaroenapibal

Fig. 3. TTA executives
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TTA PARTNERS

It is an honor and pleasure for TTA to be a
formal partner with the International Research
Group of Tribology in Manufacturing (IRGTM).
This group is an association of multinational
researchers in the field of production engi-
neering. The group represents academic and
scientific interests in terms of a global network
of tribologists. Prof. Kuniaki Dohda is currently
the president of IRGTM and also acting as the
chair of the international academic advisory
board of TTA. IRGTM have held the confer-
ence, International Conference on Tribology
in Manufacturing (ICTMP), and been deeply
involved with various international tribology
conferences around the world. We are very
proud to present that TTA and IRTGM will host
the next ICTMP conference in Phuket, Thai-
land during February 28 to March 2, 2016.

In addition, TTA has also established a formal
partnership with Japanese Society of Tribolo-
gists (JAST). Prof. Takahisa Kato, president of
JAST has recently sent us a congratulations
message on the establishment of TTAand also
willing to assist TTA in the international collab-
orations in order to transfer the tribotechnol-
ogy and know-how. JAST was established in
1955 and the 60-year experiences will surely
provide tremendous supports to TTA and Thai
manufacturing industry. TTA has been receiv-
ing a great support from the domestic univer-
sities, institutes and organizations.
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TTA SPONSORS

TTA would also like to formally acknowledge
the supports from our sponsors:

* Diamond Sponsors: Thai Parkerizing Co.,
Ltd. and Honda R&D Asia Pacific Co., Ltd.

* Gold Sponsors: Akebono Brake Corpora-
tion, JEOL ASEAN Technical Center (Thai-
land) and Western Digital (Thailand) Co., Ltd.

The sponsorship and support would help
TTA immensely in the attempt to enhance the
growth and network of Thai manufacturing in-
dustry, particularly in the subject of Tribology.

JOIN TTA

There are two types of TTA membership pro-
gram: Corporate Membership and Individual
Membership. The information regarding the
benefits of each program and how to become
a TTA member can be found in www.tta.or.th.
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A Training Schedule 2015

Thai Tribology Association (TTA) in collaboration with Thai Corrosion of Metals and Materi-
als Association (TCMA) are providing the following training sessions for TTA corporate and
individual members.

Applications

ID Date Topic Instructor
Regular-I January 28 Lubrication and Lubricants Nuntha\grr.ap\:\?ggag\/\(/itl\/lUTNB)
Regular-Il March 26 Surface and Contact Mechanics Assg(i;azriﬁﬁ(iﬁ[?)s“h
e SN Bt~ S
Regular-1V May 14 Die Mategi;l;;inodnCoatings Dr. pon(glzla\]/lkUTTuTe)ngSOOk
A A
Regular-vi Julyte Applfr?;iligisoifnlz'ir?iitgeoIilg;nent Sucha,\'/:irﬂscf/\(/j;tk;ima(tl\aTEC)

Regular-VI| August 20 Frzatolljrl\ja[\i/lnetce:zzi;ns TBD
Regular-Vill | September 17 \gvrfer'\l?rfthean”;Tes Assoc. Pr?; l\itj?ﬁ;; Raadnui
Regular-1X October 22 High ';enn;ieprzt”ucii(;zrsrosion TBD

Regular-X November 19 Tribometers for Manufacturing Dr. Numpon

Mahayotsanun (KKU)

If you are interested in joining the training, please contact admin@tta.or.th.
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7th International Conference on Tribology in Manufacturing Processes
February 28 to March 2, 2016
Phuket, Thailand

THAI ~|
] M rissiooy MTEC

‘a‘ ASSOCIATION amember of NSTDA

International Research Group of Tribology in Manufacturing (IRGTM) in collaborations with Thai Tribology Association
(TTA), National Metal and Materials Technology Center (MTEC), King Mongkut’s University of Technology Thonburi
(KMUTT), and Khon Kaen University (KKU) are organizing the 7th International Conference on Tribology in Manufactur-
ing Processes (ICTMP) during February 28 to March 2, 2016 in Phuket, Thailand.

The aim of the conference is to present the latest developments in the research of tribological aspects in manufacturing
processes, particularly in the following topics:

* Tribology in forming processes

« Tribology in cutting and finishing processes
« Tribology in joining processes

* Functional surfaces

» Advanced (nano/bio) tribology

The scope of interest is related to friction, lubrication, wear, surface engineering, process modelling, applied plasticity
and environmental issues. In this conference, we are strongly interested in “Tribology of Tool Materials and Designs
for High Performance and Extended Service Life”. Focused tool applications are (but not limited to):

* Extrusion
* Forging

* Machining
+ Stamping

The applications can range from nano scale, to micro/meso scale, to macro scale. In addition, the presentations in-
clude practical guidelines for solving tribological problems in an industrial environment.

Papers are welcome on all tribological aspects of manufacturing processes:

* Friction, lubrication and wear phenomena

* New lubricants, tool materials, coatings and surface engineering

« Tribological effects on process modeling and applied plasticity

* Environmental issues: new user- and environment friendly lubricants and coatings

The conference will be held at Mévenpick Resort & Spa Karon Beach Phuket, Thailand.
Co-Chairs

Assoc.Prof. Varunee Premanond
King Mongkut’s University of Technology Thonburi (KMUTT)

varunee.pre@kmutt.ac.th WWW.ICTMP2016.COM

Dr. Numpon Mahayotsanun
Khon Kaen University (KKU)
numpon@kku.ac.th




Surface Engineering and Tribology
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Written by Dr. Panadda Sheppard (National Metal and Materials Technology Center)
Translated by Dr. Numpon Mahayotsanun (Khon Kaen University)
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Wear of materials starts from a surface or  ny53nwsovestaniudusuanituiaveduruesituiio
subsurface layer of a material. Whether it is
a deformation of the surface due to adhesive
or sliding wear, a cutting or chipping of the """ o N . o
surface due to abrasion and erosion or a for-  HOWLBWININNITVAVILUAZNTAAWI  A3BN1INDAIVDS
mation of microcracks just below the surface  Microcracks fegléfituingainandnuseuuy Fretting way
due to fretting and fatigue wear, all involves a  Fatigue Ingawaaifidwrliinnsdemeniinaves
meChan_'Cal failure of the-surfacg of a COMPO-  fiuily  FagwTanfienunsavusiensidieguuasanannuse
nent. It is of course possible to find a material
that can resist the deformation and cracking
as a result of external forces but usually ata " " DR
sacrifice of the material’s reliability. Cost and \Wendandnaiy  Surface Engineering 1Uudsundsymnitdng
availability also place a limitation on the ma- mezmmsaaaﬂLLUUi’ﬁ@;ﬁauﬁLﬂuiﬂiaa%’ml,asdauﬁLﬂuﬁu
terial selection. Surface engineering offers a  fuenduld  luvaeiiruuduswasanusiunsvosiufiag
simplest solution; design the structural materi- oy gageessdmsunsinuegesuiuwesiudn ms
al and the surface of a component separately.
While the strength and stability of the structural
material are vital to the smooth functioning of
a component, the correctly designed surface
can enhance its performance.
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Fig. 1. An example of abrasive wear
(Source: http://commons.wikimedia.org/wiki/File:Abrassiv_Web.jpg)
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Surface engineering is a localised improve-
ment on specific functions or properties of a
material. The improvement is restricted to the
surface and subsurface region only in order
to avoid any major changes to the bulk of the
component. Thus the structural properties of
the component remains mostly unaltered with
enhanced surface properties. For example,
a TiAIN thin film applied on a mould surface
increases the surface hardness and reduces
metallic seizure on the mould surface. The thin
film process takes place at a temperature low-
er than 400°C thus does not greatly alter the
mechanical properties of the hardened tool
steel component. The flexibility in designing
the surface of a component separately from its
bulk renders surface engineering its popularity
in a wide range of applications. It not only al-
lows an increase in the performance of a com-
ponent but at a lower material and processing
cost, too.
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Fig. 2. Aluminium titanium nitride (AITiN) coated endmills
(Source: http://commons.wikimedia.org/wiki/File:AITINCoatedEndmill_NanoShieldPVD_Thailand.JPG)

So, what surface properties contribute to a
component’s tribological performances?

Hardness and strength are obvious choices.
Many wear damages occur due to a harder
object comes into contact with the softer com-
ponent’s surface. Depending on the intrinsic
property of the component and the nature of
the contact force, the surface will either de-
form plastically or cutting and chipping can
occur. In order to reduce the wear damage,
surface techniques such as carburizing, nitrid-
ing, TiN thin film, enameling, etc. are aiming to
increase the surface hardness and strength of
the component thus reduce the likelihood of
wear damages. It should be noted here how-
ever that hardness is not always a solution
for wear damage. Soft metals such as Babbitt
have been successfully employed as bearing
surfaces. Another good example is a rubber
liner popularly used as a protection for erosive
damages.
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Material’s compatibility dictates how easily
two contacting surfaces will form a metallic
bonding with one another. For example, Fe
has a relatively high material compatibility with
Zn. Under an adhesive or dry sliding condition,
the two contacting surfaces can adhere to one
another. This will eventually result in material
tearing and/or seizure on the surfaces, lead-
ing to wear damage. It is thus important that
the intrinsic properties of the mating surfaces
are taken into account when designing a com-
ponent. Surface engineering can be used to
reduce the compatibility of the mating surfac-
es by applying a coating with a lower compat-
ibility. For example, a steel roller guide used in
Cu wire production can be plated with hard Cr
in order to reduce the adhesion of Cu on the
roller guide.
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Fig. 3. Decorative chrome plating on a motorcycle
(Source: http://en.wikipedia.org/wiki/Chrome_plating#/media/File:Motorcycle_Reflections_bw_edit.jpg)



Surface friction is also an important property
that affects a component’s tribological behav-
ior and is worth a consideration. Some appli-
cations require a certain amount of friction to
be maintained throughout the service life of
a component. Brake pad, helicopter landing
shoes, textile guide/roller and feed screw are
some examples where a surface modification
can be applied in order to achieve a certain
level of friction. Some applications, on the oth-
er hand, will benefit from a low surface friction,
for example, mould and die, hydraulic shaft,
bearing and gasket. In these cases, the sur-
face friction can be adjusted by controlling the
surface roughness and by changing the sur-
face composition. For example, a low friction
on a stamping die surface can be achieved
by super-finishing the hardened tool steel to
a roughness below 0.1 ym Ra followed by a
deposition of a TiN film to alter the surface
composition from a ferrous alloy to a ceramic
compound.

There are other properties that may be rele-
vant but is not mentioned here, such as a cor-
rosion behaviour, thermal conductivity, fracture
toughness, etc. In order to find a solution to
a wear problem, we need to understand the
working environment of the component, to
identify the important surface properties, and
to design the surface accordingly.
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Fig. 4. Titanium nitride coated punches
(Source: http://commons.wikimedia.org/wiki/File:TiNCoatedPunches_NanoShieldPVD_Thailand.JPG)
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Hard Thin Film Coating Application to
Reduce Adhesion in Deep Drawing Process
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This article aims to present a case study dem-
onstrating usefulness of tribology research
work on metal stamping process area. Tribol-
ogy defined as “the science and engineering
of interacting surfaces in relative motion. It in-
cludes the study and application of the prin-
ciples of friction, lubrication and wear” (http://
en.wikipedia.org/wiki/tribology).  Tribological
study is therefore very useful to help improv-
ing the metal forming process efficiency. Deep
drawing is one of a main operation of chang-
ing sheet materials into shape which involved
sliding of sheet material against die surface
under high pressure. The situation leads to
severe adhesion especially for particular ma-
terials which have higher prone to adhere to
tool surface. In general, material which hav-
ing similar characteristics tends to be adhered
to each other easily. Therefore, high strength
steel sheet and stainless steel sheet are cas-
es of tribologically difficult materials.
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Deep drawing die made from
cold work tool steel grade SKD11

Adhesion of SPFC980Y on die surface

Fig. 1. Transfer of SPFC980Y material on the deep drawing die radius after 30 strokes.
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Deep drawing experiments were conduct-
ed to evaluate the performance of hard film
coated tool on SFFC980Y sheet. Adhesion in
forming of part can be investigated directly on
the tool surface as shown in fig.1. Adhesion
between tool steel JIS-SKD11 and advanced
high strength steel sheet, SPFC980Y shows
materials transfer of SPFC980Y on SKD11
tool surface on die radius area after 30 strokes.
The corresponding cup from the tool presents
in fig 2. Severe galling on the cup wall can be
clearly seen.
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Fig.2 Corresponding SPFC980Y cup from the tool shows in fig 1.

To improve the efficiency, tribological study
has been made. In order to reduce adhesion
problem, the tool materials and lubricants play
a vital role. However, the use of liquid lubricant
is insufficient due to the sustainability of lubri-
cant under high pressure and high sliding at
die radius area in deep drawing is rather low.
The solution was then focus on hard thin film
coating technique on die surface. Coating by
hard thin film layer not only increase the hard-
ness but also reduce the friction. Fig 3 and
fig 4 shows the deep drawing die which was
coated by radical nitride — CrN (the tool sub-
strate was nitrided prior to be subsequently
coated with CrN film in the same furnace) and
the corresponding cup after 1,000 strokes.
The cups could be continuously deep drawn
up to 1,000 strokes without a sign of marks.
However careful study should be made, not
all types of hard thin film coating will be ben-
efit. The materials compatibility should be
considered. Proper selection is required for a
specific problem. Fig 5 shows roughness of
SPFC980Y cup deep drawn by several tool.
High value of surface roughness (Ry, the max-
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imum roughness height) which representing
deep scratch on the cup wall were recorded
from the cups produced by non-coated tool
and TiN-radical nitride coated tool. The rough-
ness of the cups produced by CrN coated tool
remained constant up to 400 strokes and in-
creased significantly up to 1,000 strokes. The
CrN film peeled off, as shown in fig 6. This phe-
nomenon of film peel-off expressed the low
bond strength. Radical nitriding prior to coated
film increased the bond strength between the
coated fiim and substrate. Therefore, it can
be concluded that the radical nitride — CrN
coated tool has a high performance on deep
drawing of advanced high strength steel.

Fig 3. Radical nitride — CrN coated die
after 1,000 strokes.

‘® Non-coated tool

& CrN tasl

< TiM radical nitrided tool
O CrN radical nitrided tool

Pty T

Surface roughness; R, (um)

Fig 5. Results of cup surface roughness produced by various tool; Non
coat tool (SKD11), TiN radical nitride coating tool, CrN coating tool and
CrN radical nitriding tool.
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Fig 4. Corresponding SPFC980Y cup
from the tool shows in fig 3.

Fig 6. CrN coated die after 1,000 strokes



Hydromechanical Deep Drawing
of Parabolic Cup
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Hydromechanical deep drawing is a metal form-
ing process by using water pressure, which has
a tube shape and forms the sheet to the desired
shape. The idea of hydromechanical forming can
be applied to form any shape and water pressure
helps lift and push metal sheet to obtain uniform
material elongation throughout the sheet, which
enhances its formability, particularly for materi-
als that are difficult to form such as High Strength
Steel (HSS). Using of water pressure is also ben-
eficial in terms of forming complex shapes such as
parabolic cup as shown in Fig 1. Since the sample
has a tapper shape and its bottom has a sharp an-
gle, this is prone to tearing due to the stress con-
centration and wall wrinkling. For this reason, the
the traditional deep drawing process requires 6
forming steps [1] as illustrated in Fig 2, which also
needs 6 die sets and 6 forming machines in order
to achieve the cup. Nevertheless, only one form
step is required by using hydromechanical forming
process. The types of hydromechanical forming
process will be discussed next.
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Fig 1. A schematic showing the parabolic cup and forming steps
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let draw

Z2nd draw

dth draw

5th draw

Fig 2. Deep drawing steps of a parabolic cup [1]

1. Types of hydromechanical forming
There are two main types hydroforming, cat-
egorized by the types of blank: tube hydro-
forming and sheet hydroforming. In addition,
sheet hydroforming can be classified as (1)
high pressure sheet hydroforming (2) hydro-
mechanical deep drawing and (3) hydroform-
ing of double blank as displayed in Fig 3.
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Fig 3. Types of hydromechanical forming
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pressure pot

(Die)
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Fig 4. Process of hydromechanical deep drawing of parabolic cup

2. Hydromechanical deep drawing (HMD)

Hydromechanical Deep Drawing (HMD) is a pro-
cess that relies on a water reservoir to accommo-
date loads when the punch moves down. The wa-
ter in the reservoir is pressurized, forcing the sheet
to form around the punch, acting as a die force.
The major difference between HMD and typical
Deep Drawing is that the water pressure is ap-
plied throughout the sheet on the areas that are in
contact and have no contact with the punch. HMD
can be categorized into two types [4]: (1) Passive,
this type creates water pressure by the replaced
punch volume, generating water pressure in the
reservoir and (2) Active, this type requires pres-
sure intensifiers in order to generate desired water
pressure.

Fig 4. demonstrates HMD where the resevoir is
used as a die shape. In this process, the water
pressure is applied throughout the sheet, caus-
ing the sheet to make contact with the punch. The
friction between the punch and the sheet leads to
the non-contact area to elongate during forming,
which also creates the uniform sheet thickness.
This also increases the formability compared to
the traditional forming process that uses steel
dies.

The continuous support of the water pressure to
the sheet both on the contact and non-contact are-
as to the punch provides uniform force distribution
and appropriate forming levels. This also helps
reduce sidewall wrinkle and sheet tearing, which
allows higher forming depths and uniform sheet
thickness. The surface of the formed sheet is also
very smooth with no scratches, which meets the
requirement of automotive parts such as outer
body parts.
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Fig 5. Steps of hydromechanical deep drawing of parabolic cup

3. HVID Test 3. MINAFIUNITIUFY
3.1 Forming process 3.1 Fumoun1sduzy
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the desired shape as seen in Fig 5.
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Cheek valve | Pressure Pump

Check Valve

Water Filing System

Fig 6. Schematic of the major components of hydromechanical deep drawing of parabolic cup (Left) and prototype of the hydromechanical deep
drawing of parabolic cup setup (Right)
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3.3 Forming test

After the machine and equipment have been set
up, the process parameters must be considered.
In HMD, water pressure profile and clamping force
with respect to the forming displacement are con-
sidered important. These parameters must be
simulated by using Finite Element Methods until
satisfied results are obtained prior to the actual
test. The pressure and clamp force profiles are
displayed in Fig 7.
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Fig 7. Characteristics of pressure and clamp force

Fig 8 shows the tested parabolic cup from the
HMD test. It can be seen that there is no sidewall
wrinkle and tearing, which verifies that HMD can
be used to form the parabolic cup in one step.
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Fig 8. Characteristics of pressure and clamp force in the experiment
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The sheet thickness distribution along the cross
section of the formed cup is then measured and
converted the results into sheet thinning values,
which can be seen in Fig 9.

According to the figure, it can be observed that
the top areas are thinner than the lower areas.
This is due to the fact that the top areas make
contact with the punch and also are clamped with
the punch with friction, leading to the lower wall to
be restrained, thus, having the thinnest value at
30%.
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Fig 9. Distribution of the thickness reduction along the cross section of the part

3.4 Parabolic cup behaviours by HMD

In this study, the clamping force was set constant
throughout but the drawing process was divided
into 6 steps in order to investigate the forming
behaviour of each step. Fig 10 demonstrates the
formed parts from the six forming steps. It can be
seen that, initially, the sheet was pressurised from
the above water, which created the dome shape
until the sheet made contact with the punch. Then
the water reservoir gradually moved down, thus,
the sheet was pressurized from both top and bot-
tom direction simultaneously. With the high water
pressure, the sheet was gradually formed until fully
covered the punch, obtaining the parabolic shape.
Then, the sheet thinnning values along the cross
sections of the formed sheets were measured as
shown in Fig 11. In step 1, the thinnest location
was at the top dome because this was the result
of direct water pressure to the sheet. In the step 2,
the sheet was thinner due to the pressure from the
water and the punch. The diameter of the sheet
from step 1 to step 2 die not change as shown in
Fig 12. Similarly, from step 2 to step 3, the sheet
thickness was further reduced rapidly and the
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Fig 10. Parts at different forming steps

sheet diameter was slightly changed. This implied
that the elongation of the sheet was due to the ma-
terial behaviour of the sheet. There was no flow of
the sheet from the side to the dome, which heavily
reduced the sheet thickness. From step 3 to step 4,
to step 5 and to step 6, it can be observed that the
thickness was not changed significantly. This was
becase the sheet fully covered most of the punch ar-
eas and the sheet could flow more from the side to
the dome rapidly. This could be observed from the
change of the sheet diameter, implying that there
was a sheet flow during the forming process.

The results showed that the parabolic cup forming
could be divided into four stages. In the first stage,
the sheet was pressurized to move downward opp-
posite to the punch direction, which created the Pre-
Bulge shape. In the second stage, the dome-shaped
sheet was pressurized by the opposite movement of
the punch, making it difficult for the sheet to flow into
the dome because the large area of the dome ob-
structed the sheet flow. This condition created rapid
decrease in sheet thickness and could be called
“Thin-out”. The elongation of the sheet in this stage
was mainly dependent on the sheet forming ability
towards the pressurized water pressure and clamp-
ing force, which rapidly reduced the sheet thickness.
In the third stage, the sheet was further pushed up-
ward by the punch and the dome shape was smaller,
which allowed the sheet to flow easier. The flange
area of the sheet could flow into the dome shape
easier and this movement was called “Draw-in”. If
the water pressure and clamping force were not suf-
ficient, the sheet could flow too fast, which could re-
sult in wrinkle. In the last stage, the sheet fully cov-
ered the punch and the desired parabolic shape was
obtained.
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Based on the observed behaviours, another test
was conducted and changed the constant clamp-
ing force to be the linear clamping force in order
to reduce the clamping force during the Thin-out
stage as shown in Fig 14. After the test, the sheet
thickness loss percentage was measured along
the cross section of the formed sheet. In com-
parison to that of the constant clamping force, the
sheet thinning value was changed from 30% to 20
%.
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4. Conclusion

The hydromechanical deep drawing (HMD) was
presented and tested with the parabolic cup test.
In traditional deep drawing process, many forming
steps were required but only one step could be
achieved by using HMD. Different types of HMD
were presented but only sheet hydromechanical
deep drawing was the main focus of this study.
The required machine and equipment was dem-
onstrated and the important process parameters
were considered. After the tests, the forming be-
haviours of the parabolic cup by using HMD were
investigated. Four stages could observed: (1)
Pre-Bulge, (2) Thin-out, (3) Draw-in, and (4) Fi-
nal forming. The clamping force was also varied
and the results showed that the reduced clamping
force during the Thin-out stage helped reduce the
thinning value.
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Nano-Scratch Characterization of Top Layers of Hard
Drive Disks via in-situ Residual Depth Measurements
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ABSTRACT

A diamond cono-spherical probe was used
to make nano-scratches on a hard drive disc
and then to measure residual depths by two
in-situ scanning probe microscope techniques
proposed in this study. By making marker
scratches used to identify areas where nano-
scratches were performed, residual scratch
profiles were observed by an atomic force
microscope to investigate the image artifacts
induced by using the scratch making probe
as a scanning probe. The span angle of the
scratch groove was found to be larger and
thus the probe tip can contact the groove bot-
tom. Residual depth results obtained by these
two proposed techniques were compared to
verify that both of two measurements were ac-
curate.

KEYWORDS
Hard drive disc, nano-scratch, in-situ scan-
ning probe microscope.

1. INTRODUCTION

Along with advanced in heads, media, sig-
nal processing, and servo technology, areal
density growth is sustained through improve-
ments. The terabit per square inch is goal for
the commercial hard disk drives to be going
reached recently. However, nano-scale wear
and atomic friction fluctuations is becoming
more and more critical in data storage de-
vices [1, 2]. Understanding the characteristic
of a coating in the aspects of scratch resist-
ance and interfacial adhesion is important for
the development of performance, functionality,
and lifetime.
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In magnetic recording industry, nano-tribolo-
gy of a head-medium interface between a tiny
spacing is one of the most important factors
[3-10]. Continued developments in the tribo-
logical design have maintained the reliability
of hard disk drives despite decreasing head-
media spacing. Therefore, extremely thin pro-
tective layers have become more important
for ensuring the reliability of magnetic disk. It
means the magnetic media has to cover by
the protective layers that are sensitive and
good mechanical endurance. Therefore, novel
methods for the modifications of extremely
thin over-coating layers play a significant role
in realizing higher-reliability hard disk drives.
Diamond-like carbon (DLC) films are current-
ly the best choice as protective layer both of
head and disk interface in magnetic storage
devices [11, 12]. For better magnetic signal,
ultrathin DLC coatings are now used to resist
the surface damage of media with smooth-
ness, corrosion protection, and good mechan-
ical properties down to around 1nm thickness
[13, 14].

Due to the extremely tiny spacing between
the heads and the media for its working func-
tion, a head crash will cause to damages or
functional failures of hard drives. Head crash-
es can be caused by electronic failure, a sud-
den power failure, physical shock, contamina-
tion of the drive’s internal enclosure, wear and
tear, corrosion, or poorly manufactured plat-
ters and heads. The typical consequences
of head crashes are scratched media, one of
non-operational failure modes. And a nano-
scratch technique is using for investigation
this failure mode. Nano-scratch testing is an
important technique for characterization of not
only interfacial bonding but also tribological
properties of protective and decorative coat-
ings. In general, the nano-scratch techniques
using a diamond tip can be employed to study
mechanical properties at nanometer scale on
sample surfaces. And the so-called scratch
depth is used as an index of anti-scratch prop-
erties, which is the residual depth typically ob-
tained from scratched groove profiles with an
atomic force microscope (AFM).

2. EXPERIMENTAL DETAILS
A commercial hard drive disc was used for
nano-scratch testing, as shown in Fig 1.
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Magnetic layer

Fig 1. Schematic diagram shows that a cono-spherical probe is used to scratch a commercial hard drive disc with a constant load.

There are two typical coatings for the top lay-
ers on the magnetic layer, protective layer and
lubricant layer. The lubricant layer consists of
long molecules with large molecular weights;
and the protective layer is diamond like car-
bon. Both of these two coatings have thick-
ness around 1~ 2 nm, and the total thickness
of top layers is around 3~4 nm. It can’t be
thicker considering a good signal/noise ratio of
the reading/writing function. In order to inves-
tigate the protection capability of the top lay-
ers, nano-scratch tests were carried out with
designed load functions and measurement
parameters. A Tl 950 TriboIlndenter (Hysitron,
US) was used to perform nano-scratch tests
and residual depth measurements. A cono-
spherical probe with a radius of 1um and a
span angle of 90" was used for both making
scratches and detecting residual depths. The
scratch length was set to be 10 um created in
15 s with a constant velocity. The normal force
was controlled at 1 mN constantly for the en-
tire scratch path. Finally residual depth meas-
urements from two in-situ techniques were
compared and discussed.

Using the scratch making probe as a scan-
ning probe, two in-situ techniques for residual
depth measurements are presented in this
study; one is to scan the media surface with
a piezo-scanner and the other is to scan the
scratch line with a capacitive transducer, which
are called in-situ surface scan and line scan,
respectively. For the in-situ surface scan, a
piezo scanner was used to measure the re-
sidual depth of each scratch by takinga 12 um
x 12 um image. Special attention was given to
the scanner calibrations due in part to inher-
ent non-linearity of the piezo scanner. For the
in-situ line scan, a designed load function was
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used to allow the probe to scan the line profile
before and after making the scratch, as shown
in Fig 2. Using a constant normal force of 1
uN to be a contact force, the line profile includ-
ing the scratch path was measured with the
transducer.
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Fig 2. The specially designed load function for in-situ line scan allowing line profile measurements before (segment 3)

* P Tl [y T—
\/ Ly —
Il ey Fepow mTESy -
T : g
1 1 b pEy oy P o e
7R s
S r— B P T
o L g =l sy o P moedCi Y
Vema

P R e !

o i Tl ey

e Nl o

—

and after (segment 9) making a scratch (segment 6).

3. RESULTS AND DISCUSSIONS

3.1 Investigation for Image Artifacts

It's well known that a scanning probe micro-
scope (SPM) uses the interaction between
the probe tip and the sample surface. So the
measured/scanned profile is not the same
as the sample profile; it typically depends on
how sharp the tip is and the aspect ratio of the
probe itself. It is called an image artifact, which
is defined as any feature which appears in
the image which is not present in the original
probed object. These image artifacts are una-
voidable; however, their occurrence and effect
on results could be very distinct through vari-
ous sources. For the in-situ SPM for scratch
depth measurements presented in this study;,
the most important image artifact is that the
probe is too coarse to scanning the residual
groove profiles. If the probe is too blunt, image
artifacts that take on the shape of probe will
begin to appear. That is the side of the probe
contacts the scratch groove edge before the
tip contacts the groove bottom.
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For checking this, a well-calibrated AFM was
used to scan the cross section profile of the
residual scratch in conjunction with a skill of
creating marker scratches. Compared to the
probe used to make scratches, the AFM probe
is much sharper and thus is believed to have
smaller image artifact. As shown in Fig 3., the
cross section profile shows that the span an-
gle of the residual scratch is larger than the
probe tip due to elastic recoveries. It indicates
that the probe tip is capable to go down to the
bottom of the scratch groove. It’s the important
basis for using in-situ SPM to measure the
residual depth. Fig 4. shows the comparison
between cross section measurements from
in-situ SPM and ex-situ AFM. For the sharp-
ness differences, it's reasonable that the AFM
profile has more detailed features compared
to the in-situ SPM one. However, the profiles
from two sources are basically overlapped to
each other and the difference of scratch depth
between two profiles is not significant.

3.2 Comparisons of two in-situ measure-
ments

Moving the observation from the cross sec-
tion to the scratch direction, it is useful to make
comparisons of these two in-situ measure-
ments via line profiles. For the driving source
differences, there are some differences shown
in these two line profiles. Compared to the
surface scan driven by piezo scanner, the line
scan has a better resolution in vertical move-
ment. This explains that there are more de-
tailed features shown in the line scan profile.
Taking a median value for the scratch depth
measurements, the results are 3.61 nm and
3.46nm from surface scan and line scan, re-
spectively, which are quite close to each other.
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Fig 3. The cross section profile of the residual scratch measured by an AFM shows a bigger span angle than that of
the probe tip.
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On the other hand, the line scan technique is
more effective since it does not have to spend
time in scanning a region. For a surface scan
setting of 256 pixels per line for involving the o B N
entire scratch Iength, there are onIy around 10 Line) ﬁmsuswmmmm’;saaymaz%uﬂizmm 10 WA
pixels for scratch width. dmsunnuninswessesyn
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Fig 4. Cross section profiles of one residual scratch measured by in-situ SPM (black) and ex-situ AFM (red).
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Fig 5. Scratch depth profiles measured by in-situ surface scan (black) and line scan (red).
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CONCLUSION

This study presents high accuracy of making
nano-scratches on top surfaces of hard drive
media and in-situ SPM residual depth meas-
urements. The two in-situ SPM techniques are
shown to have the capability of residual depth
measurements at a scale of typical top layer
thickness. The probe is found to be able to
reach the bottom of nano-scratches since the
span angle increases during elastic recovery.
This gives the base of precise measurements
for residual depth even though there are slight
differences in profile measurements between
two in-situ SPM sources. The two proposed
in-situ SPM techniques are expected to pro-
vide a time-saving way for quality control of
hard drive media.
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The field of tribology was recognised in 1966
by the JOST committee in the UK. The word
“Tribology” is derived from the Greek word
“tpipog” which originally means “rubbing or at-
trition”.

So, tribology is to study the phenomenon of
interacting surfaces in relative motion. It in-
cludes friction, wear, its lubricant & lubrication,
and aims to prevent the premature failures and
degradations of material surfaces using heat
treatment processes or coating processes as
well.

Friction is usually classified as a branch of
physics or mechanical engineering. Wear and
surface treatment are often studied as a part
of material science and engineering as well as
metallurgical engineering. Lubricants and lu-
brication might be employed by chemists and
mechanical engineers, respectively. Surface
coating can be considered as a field of studies
in metallurgical and mechanical engineering.

As such, it should be noted that Tribology is a
multidisciplinary study in science & engineer-
ing. The goal of a tribological study is there-
fore not only to directly increase the lifespan
of the machine and equipment, but also is to
indirectly enhance the productivity for Thai in-
dustrial pursuits.

Since 2014, a tribology centre at King Mong-
kut’s University of Technology North Bangkok
(KMUTNB) has been officially established,
namely, “Tribo-Systems for Industrial Tools
and Machinery Research (TRIBOSYSLab)”.
We have both national and international ex-
perts in the field of tribological research to
support both academic and commercial work.
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The TRIBOSYSLab is actively based on the
study of the tribo-systems for manufacturing
and maintenance. There is expertise such as
tribology in machine design, tribological study
of energy saving for the fluid power systems,
and machine condition monitoring.

Research facilities include:

* Pin-on-disc tribometre

* Abrasive wear testing (belt sander)
* Impact fatigue test rig

* Rotary-bending fatigue test

* Torsional fatigue test

* Slurry jet erosion test rig

For more in details, please feel free to contact
us.

Dr Peerawatt Nunthavarawong
(Founder & Lab Head)

Science and Technology Research Institute
(508 room), King Mongkut's University of
Technology North Bangkok, 1518 Pracha-
Rat 1 Rd., Wongsawang, Bang-sue, Bangkok
10800, Thailand

Tel. +66-2555-2000 Ext. 3279

Fax. +66-2587-8261

Email. peerawattn @ kmutnb.ac.th

Tribo-systems for Industrial
Tools and Machinery Research
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Fuji Die Tribological Approach to
Low Friction Materials
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1. INTRODUCTION

Fuji Die Co., Ltd. is a leading company of
hardmetal wear-resistant tools and molds in
Japan. Since our company was founded in the
year 1949, we have continued to manufacture
and provide high quality products for a wide
range of industries such as metalworking,
precision processing and machining. We have
gained a good reputation through our sincere
and immediate responding to the evolving
customer needs.

Recently, we expand our business in Thai-
land, China, Indonesia, Malaysia and India.
Especially, we established Fujilloy Thailand
Co., Ltd. as the delivery center in 2003 to meet
the national increasing demand of hardmetal
tool with high wear-resistance, and moved the
company in 2012 to a new manufacturing site
in Amata Industrial Park so as to manufacture
promptly tools and molds for more sophisti-
cated workpieces.

We provide hardmetal drawing dies and plugs
without or with CVD- or PVD-coating, hard-
metal ultraprecise wear-resistant tools, heat-
resistant tungsten based alloy (trade name:
FHR), super-tough wear-resistant iron based
alloy (KF2 alloy), self-lubricating composite
material (NF metal), Cu-W electrode material
for EDM (CE-08), fine ceramics, diamond and
cBN grinding wheels, etc., under the brand
name of FUJILLOY. These products are man-
ufactured by accepting the customers’ end-
less requests to diversification, sophistication,
long tool-life, and environmental problem, etc.
These manufacturing technologies are based
on powder metallurgy, machining and/or coat-
ing technologies.
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Our main new products and the research re-
sults on them have been published in Jour-
nals such as the Japan Society of Powder
and Powder Metallurgy, High Pressure Mineral
Physics Seminar-8 (HPMPS-8), Japanese So-
ciety of Tribologists, etc. Almost all of these
products and research results are highly
evaluated and have received “Award for De-
velopment in Research” from Japan Society
of Powder and Powder Metallurgy, “Award of
a Technology Advantage Product and En-
vironment-Conscious Product” from Japan
Cemented Carbide Tool Manufacturers’ As-
sociation and “Encouraging Prize” from Ja-
pan Sokeizai Center (Japan Material Process
Technology Center).

In this paper, we introduce our three kinds of
products with excellent sliding properties from
a viewpoint of tribology: (1) hardmetals for
plastic working, (2) DLC-coated hardmetals
having long tool- life, and (3) NF metal includ-
ing a self-lubricating solid component.

2. SLIDING PROPERTIES OF HARDMET-
ALS FOR PLASTIC WORKING

Hardmetals have high strength, high rigidity,
and high hardness, etc., compared with high-
speed steels or tool steels, and thus are more
broadly used as a reliable material of tools
and molds for plastic workings such as pro-
cessing, metalworking, stamping, cold forging,
and drawing, etc.1) In plastic forming where
workpiece is largely deformed by applying a
large force, the friction force and wear state
of the tool depend considerably on the kind
of workpiece material, operating conditions,
etc.

In recent years, for the purpose of addressing
environmental problem and cost reduction, the
lubrication condition for tool is changing to be
more severe, such as the lowering of lubricat-
ing oil viscosity by using water-soluble oll, the
reduction of lubricating oil usage, and the in-

™

Fawauitouarndndngiannnieunldunissensuann
nsARunAINMsineasuanean 817wy Japan Society of
Powder and Powder Metallurgy, High Pressure Mineral
Physics Seminar-8 (HPMPS-8), Japanese Society of Tribol-
ogists 1Hudu Tnefinanulumdouaznanfasinmuelesy
MsUsziiunuAiAouiegeaIns1ea “Award for Develop-
ment in Research” 31n@u1Au Japan Society of Powder
and Powder Metallurgy, “Award of a Technology Advan-
tage Product and Environment-Conscious Product” 1A
Japan Cemented Carbide Tool Manufacturers’ Association
8y “Encouraging Prize” 910 Japan Sokeizai Center (Japan
Material Process Technology Center) sy
Tuunanuinausenldnaniuuzifmandniia
UssviendenluFes auaut@lunisloa an yuuedly
Bewos tribology Falgu (1) Hardmetals for Plastic Work-
ing, (2) DLC-Coated Hardmetals having Long Tool- Life,
and (3) NF Metal Including a Self-Lubricating Solid com-

ponent

Fig 1. The schematic diagram of sliding test equipment

and test conditions.
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creasing of working stress for the increase of
deformation or production rate and the reduc-
tion of man-hours, etc. Accompanying these
changes, workpiece material tends to adhere
hardmetal tool. Thus, the improvement in the
sliding properties of tool materials is demand-
ed so as to reduce the adhesion between tool
and workpiece.

The appropriate standard index of the adhe-
sion resistance was not found. Then, in our
company, a simple sliding adhesion test is
conducted by using a scrach testing machine
shown in Fig 1. In this test, an aluminum al-
loy (AC2B) was used as a workpiece material.
The number of times of linear reciprocal slid-
ing for the adhesion occurrence was meas-
ured as the adhesion resistance.
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Fig 2. The influence of WC grain size and binder phase content of FUJILLOY hardmetals on the number of times of

sliding to adhesion occurrence.

The effects of WC grain size and binder
phase content of FUJILLOY hardmetals on
the resistance are shown in Fig 2. FUJILLOY
TFS06 and TMS05 having fine grain and low
binder phase content showed an excellent
adhesion resistance. This result was under-
stood as follows, taking into consideration the
observation result that the workpiece mate-
rial sticked mainly to binder matrix phase and
hardly to WC grain.
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(1) A part of binder phase chemically sticked
to the workpiece material is removed from the
surface of hardmetal, and thus the portion of
binder phase becomes a concave.

(2) When the depth of concaved binder
phase becomes large, the workpiece mate-
rial is thrusted into the concave. The adhesion
takes place when the depth of thrusted work-
piece material becomes such large that the
mechanical resistance of workpiece material
to the sliding becomes large.

(3) The depth of thrusted workpiece mate-
rial decreases with decreasing both depth and
width of binder phase. The values of these two
shape factors decrease with decreasing WC
grain size and binder content and thus the
adhesion tends not to occur with decreasing
these two microstructural factors.

SEM micrographs of FUJILLOY TFS06 and
TMSO05 with an excellent sliding properties are
shown in Fig 3, and those alloy properties are
shown in Table 1. These materials have nano-
grained microstructure which brings high hard-
ness, high strength, high wear resistant and
excellent sliding properties as well as excel-
lent adhesion resistance. These alloys were
developed by using our special technique.
These FUJILLOY have obtained high evalua-
tion from every industries.
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Wty
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Factor $1uau 2 Padedsldun auinres WC Grain size waz
Binder Content uavdsnalinsdnfntuvesduamiluszmning
nsvdenaiuualiufierliintu

NaN1IRIIFABUNIY SEM Micrographs ¥8¢ FUJILLOY TFS06
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'
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TFS06

Fig 3. WC grain morphologies of Nano-Fine-Grained TFS06 and TMSO05, and Ultra-Fine-Grained FO8 of FUJILLOY
hardmetals (SEM micrographs of fracture surface).
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Table 1. WC grain size and mechanical properties of Nano-Fine-Grained TFS06 and TMS05, and Ultra-Fine-Grained
FO8 of FUJILLOY hardmetals.

WCmean | HV TRS | Compressive | Fructure Young's ASTM
Grade | grainsize | (294N) strength toughness | modulus | wear amount3%¢
(um) | (GPa) [ (GPa)| (GPa) | (MPa-m')| (GPa) | (X10%cm3frev)
TFS06 02 210 | 42 69 49 575 01
TMS05 0.2 215 31 >8.0 42 610 0.17
FO8 05 185 | 40 64 52 560 11

$The method according to ASTM B611-76 (The alundum slurry was used as wear media.)

3. SLIDING PROPERTIES OF COATED
HARDMETALS FOR PLASTIC WORKING

High wear-resistance and/or low friction co-
efficient material can be coated on the surface
of hardmetal by coating processing methods
such as CVD and PVD. By these coatings, the
tool quality improvement which cannot be ob-
tained only by varying the grain size and bind-
er phase composition of hardmetal becomes
possible. Among various coating fiims, DLC
film coated by PVD or P-CVD are excellent in
the sliding properties as compared with other
hard films such as TiN, CrN, etc. DLC coating
application to the tools for plastic working are
increasing due to high smoothness of the sur-
face of worked material and low aggression
to the surface of workpiece material as well
as high adhesion-resistance and low friction
coefficient. Specifically to soft workpiece ma-
terial such as aluminum alloys which is easy
to adhere to hardmetal, DLC coating is espe-
cially valuable.

Fig 4 shows the result of sliding test by us-
ing ring-on disk type test equipment on a pair
of aluminum alloy (A3003)/ hardmetal with-
out or with our developed DLC coating. From
this figure, it is clear that during lubricant-oil
supplying, hardmetal without and with DLC
coating have a relatively low and extremely
low friction coefficient, respectively. However,
after stopping oil-supplying, the friction coef-
ficient of hardmetal without DLC coating rose
rapidly, but the coefficient of hardmetal with
DLC coating slightly decreased. This result
suggested that DLC film itself have a good lu-
brication function2), differing from non-coated
hardmetal in which the adhesion occurred af-
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ter the lubricating oil's evaporation caused by
frictional heat. This suggestion was confirmed
by the observation of the sliding surfaces after
the test, as shown in Fig 5.

MAnINNSEEAIY kazdunalan1endnssuIuns
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Fig 4. The sliding test result on two couples of aluminum alloy (A3003)/ hardmetals without and with our developed
DLC coating by using ring-on disk type test equipment.

Ring Surface Disk Surface

Fine-Grained Hardmetal

Al alloy

DLC coated Hardmetal

Fig 5. The appearance and optical micrograph of the sliding surface of the ring (shown in the left side) and disk (in
the right side) after a sliding test. The rings are hardmetal without DLC film (the upper) and developed DLC film (the
lower). These original shapes were the same. The upper was plastically deformed due to high frictional heat.



Focusing on this good lubrication effect of our
developed DLC film, we observed the surface
together with a conventional DLC film by 3-D
image analyzer. These 3-D surface images
are shown in Fig 6 and Fig 7, respectively. On
the conventional film, there are many droplets,
but on the developed film, there are not such
large droplets. The investigation of the effect
of the droplets showed that such droplets de-
teriorated the smoothness of workpiece sur-
face and decreased the adhesion resistance.
FUJILLOY tools and mold with this developed
DLC film has obtained high evaluation from
many industries, because of its superior adhe-
sion-resistance as well as the surface smooth-
ness of workpiece.

Mnnsindafiansvaeduiidunansenuiinan  DLC
Coating uavdunaiufivestuildy Taegld 3-D image
analyzer Fauanslyiifiuluguafl 6 uay 7 muddu oz
il luildsnfasivesann  udannilduiigniaun
wliifuvenas  anmImsaseUnEainuinsTiven
é}’dﬂdn%ﬁﬂﬁmmSamaqﬁuﬁﬁaqﬁumEJIULLasam
arwguyilunsiiafaiiuin wifiasives FUILOOY T
Wamn DLC  Wduiilésunisneuiudusgrsfiannuane

geavnTsy  tiesndianumuniulunisdafnuiags

wazdlAUSEUYRINURI TaAg

Fig 6. Fracture surface of our developed DLC film coated on FUJILLOY.

The surface of a conventional DLC film

The surface of a developed DLC film

Fig 7. The 3-D surface image of a conventional DLC film and a developed DLC film on FUJILLOY.



4. SELF-LUBRICATING METAL MATRIX
COMPOSITE TERMED NF METAL

Self-lubricating materials are a generic name
for composite materials which have a lubri-
cating ability by itself without external in-situ
supply of lubricating oil. This ability is realized
by infiltrating lubricating oil into open pores of
porous materials, or by combining solid lubri-
cants such as molybdenum disulfide (MoS2),
graphite and hexagonal boric nitride (h-BN)
with metal, ceramic or polymer materials in its
manufacturing process?®).

Our company deals in self-lubricating metal
matrix composites which are fabricated by
combining tungsten disulfide (WS2), graph-
ite and/or h-BN solid lubricant particles with
metal powders by powder metallurgy process.
We term the composites “NF metal (No Fric-
tion metal)”, by which various bearings are
manufactured. Their examples are shown in
Fig 8. These bearings are used under special
environments such as vacuum, high tempera-
ture and in solution where lubricating oil and
grease cannot be used.

An example of optical microstructure of NF
metal is shown in Fig. 9. Dark-gray particles
and white matrix in the figure are solid lubri-
cant and metal, respectively. The particles are
homogeneously dispersed in the composite.
There is no gap between particles and ma-
trix. This suggests that the particles are tightly
held by the matrix. This suggestion was sup-
ported by the fact that the composite is able to
maintain strength required for bearings.

4. SELF-LUBRICATING METAL MATRIX COMPQOS-
ITE TERMED NF METAL
Self-lubricating Materials Hudeunfves
miﬂizﬂaui’a@ﬁﬁmmmmmiuﬂwnﬂumwa'aﬁ"u
Tuih  Tneusaanuvastiinasuaeiuainaieuen
TnesinasifntuiuTanesnady  Molybdenum  Di-
sulfide (MoS2), Graphite and Hexagonal Boric Ni-
tride (h-BN) with Metal, Ceramic %39 Polymer Ma-
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oumgiifigs  wazanwandeuiliannsalianszdlu
syuula
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Wity uarannismeaesdanaldinldifedesing
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Fig 8. An example of bearings used under special environments such as vacuum, high temperature and in solution.

(a) Sliding bearings made of only NF metal.

(b) Rolling bearings set up with retainer of NF metal. Materials of bearing case and ball are both SUS440C.

(¢) Magnified image of retainer made of NF metal.
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&,

Metal
matrix

Fig 9. An example of optical microstructure of NF metal manufactured by combining solid lubricants particles with
metal powders by powder metallurgy process. The composite is sintered at about 1273 K in vacuum. The dark gray
particles and white matrix in the microstructure are solid lubricant and metal, respectively. (a) : x100, (b) : x1,000

Sliding mechanism of solid lubrication by NF 105015108989 Solid Lubrication Tng NF Metal

metal is shown schematically in Fig. 10. When
the composites slides on the surface of coun- y
ter material, a part of solid lubricant particles  waznszNuUAUBNNURL
near the surface of NF metal break away by
shear stress operating on the sliding surface.
The fragments adhere on the surface of coun-

WAANISLANENLTEDIRIN

wansliiiulaluguil 10 e Composite innstoa

le | d‘ Y v dil a
FudruaunAnlnaiunuR,
Shear Stress WaziuLaeY

Wy Solid Lubricant fauamdliifiulalusud 10 (o)

ter material, and the surface is covered with  uagguvenei (d) fatiu #Wuil1ves Composite uagiiu

solid lubricant films, as shown in Fig 10 (b) and

its magnified figure (d). Thus, the composite 48

and counter material are able to slide under ~ #NM30VAT

low friction for a long time with little wear.

@) Load NF metal Formed solid lubricant films
Sliding / "|

Counter material / d / / /
Counter material

(¢) Solid lubricant Metal (d)
<

partlcles ? ;
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Solid lubricant films formed by translation
of solid lubricant of NF metal
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Fig 10. Schematic diagrams of low
friction sliding mechanism in using
NF metal.

(@) Surface of counter material be-
fore sliding NF metal.

(b) Surface of counter material af-
ter sliding NF metal.

() Magnified image of sliding sur-
face of (a).

(d) Magnified image of sliding sur-
face of (b).

Low friction sliding by using NF
metal is due to the adherence of
solid lubricant of NF metal to the
surface of counter.



Our company deals in the following 3 types
of NF metal which are classified according to
usable temperature and atmosphere. Namely,
there are WS, / W composite which is recom-
mended for the use up to 1073 K in vacuum,
(graphite+h-BN) / Ni composite which is rec-
ommended for the use up to 873 K in air, and
(WS2+graphite) / Cu composite which is rec-
ommended for the use up to 473 K in vacu-
um and air. An example of sliding properties
of these three kinds of composites at 873 K
in air is shown in Fig 11. The friction coeffi-
cient for (graphite+h-BN) / Ni composite was
as low as about 0.1 from start to finish. On the
other hand, the friction coefficient of WS, / W
and (WS,+graphite) / Cu composites rapidly
increased with sliding time or distance, prob-
ably caused by the low oxidation resistance of
WS, and/or W. Therefore, it is very important
to select the component of solid lubricants tak-
ing into consideration the environments.

UsEnveuslald NF Metal 3 viin lnswuswnugamgil
lduazussenia nanfe § WS /W Composite gt
fnswunihlvlddmivaamgl 1073 K lugayanie
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postite Qmmzﬁﬂwﬂ%’ﬁ 473 K lugaanieuas
91A  Megrvesnuaudilunisloares  Composite
s 3 wladdunanddimilugudl 11 AndudseAniuss
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Fiusznas 0.1 swdSudusuaunisloa lumenseiy
f - Adulseavdusadaniuves V\/SZ/V\/ Composite
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avusunlunts Oxidation Aisiues WS vise W e
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Lubricants NSNS 989wInA0Y

1.0
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o
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Fig 11. Relation between friction coefficient and sliding time on 3 types of NF metal at 873 K in air.



5. EXAMPLE OF APPLICATION OF NF MET-
AL UNDER SPECIAL ENVIRONMENTS

NF metal is used as the bearing used in va-
por deposition apparatuses, heat-treatment
furnaces for carrying glass plate, and ma-
chines for producing foods, etc.

An example of machine for processing foods
where NF metal sliding bearings are set up
is shown in Fig 12. The machine is used for
injecting salt water into meats which hesitate
lubricating oil. In the past, the bearings made
of polymer materials has been used, and the
operating life of the bearings was 2-3 months.
However, the operating life could be extended
to one year by using the bearing made of NF
metal.

5. EXAMPLE OF APPLICATION OF NF METAL UN-
DER SPECIAL ENVIRONMENTS
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Fig 12. An example of application of sliding bearings made of NF metal to machine for processing foods
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6. CONCLUSION

In this paper, we introduced our products
mainly relating to tribology. These products
are developed by designing material or film by
responding to various requests of customers
in various industries and have obtained high
evaluation. We look forward to customers’
continued collaboration on our future develop-
ment of new materials and tools, and would
like to contribute to mutual development.
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1st TTA Annual Conference
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Written by Dr. Numpon Mahayotsanun (Khon Kaen University)

lﬂaJloa 0s. Unwa urngadun (umnanendguoulnuy)

The first TTA annual conference and exhibi-
tion was jointly organized with the 8th Interna-
tional Conference on Materials Science and
Technology or MSAT on December 15, 2014
at Swissotel Le Concorde, Bangkok. TTA re-
ceived a great honor from Prof. Kuniaki Dohda,
President of IRGTM to introduce future activi-
ties between TTA and IRGTM. In addition, the
keynote lecture on “Active Control of Bound-
ary Lubrication” was presented by Prof. Meng
Yonggang (Tsinghua University, China). The
event was considered a great success and the

ﬂ'li%’mmwixﬁqwdszﬁ?ﬂﬂ%”’qﬁ 1 U93auIANNITANRTDLATATS
vaoaulngldsnfstusmiu The 8th International Conference
on Materials Science and Technology %38 MSAT Tufuil 15
A w.e. 2557 71 Tsausu Swissotel Le Concorde ngaimm Tu
il TTA 1¥5uiResfoghagennn Prof. Kuniaki Dohda Uszsungy
Wewwd IRTGM TunisuugiiAanssusineg il IRGTM fu TTA
szsuflefudntuluoman  wenaniuddildsuiesion Prof.
Meng Yonggang 210 Tshinghua Univesity, China 1111l@ue Key-
note Lecture 304 “Active Control of Boundary Lubrication”
%amuﬁﬁa’hﬂﬁzmmmﬁﬁﬁ]Lﬂua&mqq Tngdinsewein1sdn
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conference schedule is as shown below.

Plenary Lecture 1 on “10 Global Materials Science and Engineering Trends” by Prof. Dr.-

by Prof. Dr.

Introduction of TTA International Academic Advisory Board by Prof. Kuniaki Dohda (TTA
Keynote Lecture on “Active Control of Boundary Lubrication” by Prof. Meng Yonggang,
Technical Session 1 on “TTA and its role in mobilizing Thai industry” by Dr. Numpon Ma-

Technical Session 2 on “Tribology R&D Activities in Thailand by Assoc. Prof. Varunee

Forum (in English): “Tribology Technology in Thai Manufacturing Industry” Chair by Asst.

09:00-09:15 Opening Ceremony
09:15-10:00
Ing. Thomas Béllinghaus,Germany
10:00-10:45 Plenary Lecture 2 on “New Technology for Carbon Neutral Energy”
Tatsumi Ishihara, Kyushu University, Japan10:45-11:00
10:45-11:00 Refreshment
11:00-11:05 Opening Speech by Assoc. Prof. Siriluck Nivitchanyong (TTA President)
11:05-11:10
Chair of International Academic Advisory)Board)
11:10-12:00
China
12:00-13:00 Lunch
13:00-13:30
hayotsanun (TTA Vice President)
13:30-14:15
Premanond (TTA Lubrication Division Head)
14:15-14:45 Networking with TTA members and New Members Recruitment
14:45-15:00 Refreshment
15:00-16:00
Prof. Numpon Mahayotsanun
1. Dr. Hideyuku Kuwahara, Thai Parkerizing Co., Ltd.
2. Mr. Watcharapol Trisantikul, PTT Public Company Limited
3. Mr. Takeshi Hashimoto, Fujilloy (Thailand) Co., Ltd.
16:00-17:00 TTA Annual Meeting (Invited Only)
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JEOL

Solutions for Innovation

JEOL

Solutions for Innovation

Since 1949, the JEOL legacy has been one of
outstanding innovation in developing instruments
used to advance scientific research and technology.
JEOL has 60 years of expertise in the field of electron
microscopy, more than 50 years in mass
spectrometry and NMR spectrometry, and more
than 40 years of e-beam lithography leadership.
JEOL ASIA and JEOL ASEAN TECHNICAL CENTER are
willing to support your business, project and

research with "Solution for Innovation”

2 Corporation Place 01-12 Corporation MTEC building #533 Thailand Science Park
JEOL ASIA PTELTD | JEOL ASEAN Paholyothin i, Kiong]. Klong Luang
TECHNICAL CENTER F‘arhun ntani Thall:n-:l 12

A 565 9989 FAX:+65 6565 7552

MAIL: jeolasia@singnet.com.sg

4



THAI

TRIBOLOGY

ASSOCIATION

dunANN1saNusanazni1srasaulne

Thai Tribology Association (TTA) | National Metal and Materials Technology Center (MTEC)
114 Thailand Science Park (TSP), Phahonyothin Road, Klong Nueng, Klong Luang, Pathumthani 12120, Thailand
Website: http:/tta.orth | Email: admin @tta.or.th



