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 This paper analyzes the importance of tribology in the global economic 
aspect. Energy saving are achieved by the implementation of various 
tribological related improvements in transportation, manufacturing, 
power generation and residential sectors. From this, friction reduction, 
wear reduction, energy loss reduction, CO2 emission reduction and 
energy saving are discussed. It can be concluded that advance 
tribological technologies benefits the economy and environment 
through energy saving and harmful gases emission reduction. 

 
1. Introduction 

Tribology has been discovered over 
thousands of years. During Paleolithic period, 
bearing made from antler’s bone was used as a 
tool to create fire solely by friction. Other 
examples include the Babylonian wheel and 
tripartite disc wheel in Mesopotamian chariot 
(Figure 1), which was created during 3500BC 
and 2800BC respectively. Such discoveries are 
crucial in keeping the survival of mankind 
during that time until today. Over the course of 
time, tribology has become an important aspect 
in achieving sustainability and energy 
efficiency for various daily life applications.  

 

 
Figure 1: Persian bas-relief on chariot wheel.  

 
Tribology is the science and technology of 

interacting surfaces in relative motion and the 
practices are associated to friction, lubrication 
and wear. Tribology exists in almost all our 
daily activities including walking, running, 
moving, etc. Besides, tribology is also present 

in various applications including automotive, 
industry, sports, cosmetics and biomedical 
sectors. Some applications of tribology are 
shown in Figure 2 and Figure 3. One big 
misconception about friction is that it is always 
considered a bad thing as it causes an object to 
slow down.  

 

 
Figure 2: Hip artificial joints. 

 

 
Figure 3: Tribology branches. 
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A simple example of tribology in daily life 
can be illustrated as in Figure 2. Bone joints 
(ball and socket) are lubricated by the synovial 
fluids, which prevents the ball and socket from 
direct contact with each other, otherwise wear 
will happen on the bones and the person will 
experience extreme pain. In biomedical field, 
the development of artificial knee requires deep 
integration of tribological theory for minimal 
surface wear, thus prolong the life of these 
joints. Such development usually includes the 
selection of corrosion and wear resistant 
materials, evaluation of wear mechanism of 
wear and utilization of countermeasures.  

Friction also is crucial in most modern day 
industrial process. Most machining processes 
are impossible to achieve without friction such 
as cutting and drilling. Friction of disc brakes 
enable a car to stop and it is due to friction that 
human is able to stand and walk. All those 
examples proved that tribology is very 
important in nearly everything around us. With 
proper tribological approach, reduced frictional 
losses in machineries can result in lower energy 
or fuel consumption, which in turns resulted in 
lower operational/maintenance cost and fewer 
harmful gases emissions to the environment.  
 
2. Frictional and energy losses in heavy- duty 
vehicles 

The average global energy consumptions 
for four categories of heavy duty vehicle are 
listed in Table 1. They are mainly attributed by 
frictional losses in engine, transmission and 
other components as shown in Figure 4. It can 
be seen that from the total energy supplied by 
the fuel, only 34% of that energy is used for 
moving the vehicle and the rest (66%) is 
considered lost to the surrounding. 
 
Table 1: Energy consumption annually.  
Single-unit trucks 180,000    MJ 
Trucks and trailers 1,440,000 MJ 
City buses 1,080,000 MJ 
Coaches  920,000    MJ  
 

 

 
Figure 4: Percentages of energy consumptions 
in heavy duty vehicles [1].  

 

By implementing tribological knowledge 
and approach on vehicle developments, the 
energy losses from frictions can be reduced and 
therefore, more energy can be used for moving 
the vehicles. A reduction of 10% in frictional 
losses can result in a reduced fuel consumption 
of 7.4%. Thus, fuel efficiency and performance 
of the vehicles can be improved and more 
money can be saved.  

Holmberg et al. (2014) reported that the goal 
of achieving friction coefficient of ≈0.01 in 
truck and bus components within the decade 
will result in 13.8% reduction of fuel 
consumption (≈2.7 million TJ/a), equal to 
104,500 million Euro per year can be saved 
globally and reduction of 196 million tons of 
CO2 emission [1].  
 
3. Frictional and energy losses in 
transportation, manufacturing, power 
generation and residential sector 

In total, around 23% (119 EJ) of the global 
total energy consumption are contributed by 
tribological contacts. From that amount, nearly 
20% is used to overcome friction and 3% is used 
to repair worn parts due to wears, which are 103 
EJ and 16 EJ respectively 

Technological advancement in tribology 
nowadays include the findings of new surface 
modification, materials and lubricants 
technology to reduce friction and wear in 
transportation, manufacturing, power 
generation and residential sector. The energy 
losses due to friction and wear are predicted to 
be reduced by 18% (21.5 EJ) in 8 years and 40% 
(46 EJ) in 15 years. These reductions are said to 
generate saving up to 1.4% of the GDP 
annually, and 8.7% of the global energy 
consumption for 15 years.  

Among the four sectors, for 8 years, it was 
predicted that the largest energy saving is 
contributed by transportation (25%), followed 
by power generation (20%) and manufacturing 
and residential sector by nearly 10%. While for 
15 years, the saving can reach up to 55%, 40%, 
25% and 20% respectively.  

Furthermore, with the implementation of 
advance tribological technologies can reduce 
harmful gases emissions by 1,460 MtCO2 
(≈455,000 million Euro) and 3,140 MtCO2 
(≈973,000 million Euro) in 8 years and 15 years 
respectively [2].  
 
4. Conclusion 

Tribology is very important to be practiced 
in all sectors since it can benefit greatly in 
economic aspect and environmental conformity 
through energy saving and greenhouse gases 
(GHG) emission reductions.  
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 Quality in tribology related to sustainability and life service of the 
product or component of system. Hence, it is inevitable for quality to 
become the meaning to life by projecting to the five elements of quality 
house i.e. in the prospect of utilizing resources, environment, 
economics, technology and society (REETS). Therefore, this paper will 
focus on reviewing these elemental relationships towards quality and 
enhancement of quality in tribology. 

 
1. Introduction 

Industry 4.0 focused on the sustainability, 
safety, renewable, economical and community 
issues towards quality life. In quality house, as 
according to Malaysia 2020 Strategy – the 
vision for the 21st century, Malaysia must 
provide alternatives to the critical communal 
uproar, one of which are further reduction of 
energy-material-losses and drastically 
improving the environmental protection by 
taking the challenge for sustainability as part of 
the overall management objective. 

Green tribology in industrial 4.0 is the grand 
opportunity to meet the extreme requirements 
of the present century [1]. An essential part of 
green quality is the Quality of Life (QoL). 
Scientists offered various alternative 
approaches to defining and measuring quality of 
life and the indicators that reflect it, e.g. social 
indicators such as health, subjective well-being 
measures, economic indices, etc. as in a 
methodologically and conceptually 
complementary [2] with some weaknesses, 
complexity, multifaceted construct that requires 
multiple interdisciplinary approaches from 
different angles. In fact, good life arises from a 
variety complex way either multi-criteria, 
multi-characteristic and multi-channel based on 
IOT approach for assessment of the sustainable 
complex systems existed [3-5]. In this paper, 
the focus will be on the environmental quality 
of life, regarding the safety and sustainability of 

tribo-systems resulting of their contact with the 
media where they are found. However, 
quantitative evaluations of those parameters are 
still in seed. Most of the experimental work is 
done based on micro- and nano-scale tribology 
and following standard ISO 17025 and ASTM 
D4172-94 (Approved 2010) while the 
procedures following manual and standard 
ASTM G99. 
 
2. Experimental procedure 

Some of the works related to industry such 
as railing and conveyor belt having challenges 
in having smooth motion whereby after cyclic 
movement with certain loading has been 
applied, the railing and conveyor belts started to 
wear off and produce jerky and noisy runs. This 
has been a nuisance to industry related to 
logistic especially in container movement in 
port. Hence, one of the studies involved the 
fabrication of materials that suits the railing and 
also the conveyor belting as shown in Figure 1.  

In short, the author managed to determine 
the min value of friction needed to ensure the 
smoothness of the motion in the rail line by re-
constructed the design and also by scrutinizing 
the appropriate materials to be used for the 
belting. However, due to secretive policy, the 
value is not permitted to be published by the 
firm. 
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In recent work, the authors also study the 
corrosion inhibition in magnetic hard disk 
media. The effect of carbon active coating in 
nano-scale for HRD whereby the diamond-like 
COC was to perform on the CD within 2 nm of 
several layers of Si-C-coated disc. In this work, 
the performance of the HRD was benchmarked 
with the available in the market player. Hence, 
the work has been successfully completed and 
several batches have been made available in the 
market for X (M) Sdn. Bhd. as shown in Figure 
2.  

Under collaboration with inter-school in 
USM, our tribology laboratory is well known to 
be attached to Nano-Fabrication and Functional 
Materials (NFM) and i-NOR (USM Physic 
School Lab). From this smart collaboration, 
many projects based for short services (UTHM, 
UTEM, UIA) and short-term projects (PPRN 
and FRGS) have been initiated.  

 

 
Figure 1: An overview of railing and re-
construction of conveyor belt for FMSB. 
 

 
Figure 2: A schematic of the head–disk 
interface showing the different nano-layers of 
the magnetic media disk (Flying height 7-10 
nm, Magnetic spacing: 10-12 nm, θ:15-20 
degree).   
 

Anyhow, the bigger scale of the project on 
bio-implant tribology study which has been 
successfully completed (with 2 PhD students 

from School of Material, Resources and 
Mineral, USM). The finding on mechanical and 
tribological properties of UHMWPE 
composites for implant application has been 
published in many ISI publications 
internationally [1]. Refer Figure 3 for the 
UHMWPE fabricated and tested.  

 

 
 
Figure 3: SEM micrographs of the tensile 
fracture surfaces of UHMWPE based 
composites: (a) 10 wt% U-ZPE, (b) 10 wt% T-
ZPE, (c) 20 wt% U-ZPE and (d) 20 wt% T-ZPE. 
 

For tribology behavior of hBN particles in 
modified jatropha oil for sustainable 
metalworking fluids, work is done with 
collaboration under UTHM and published in a 
high impact journal. The four ball tester was 
subjected to certain parameters and compared 
as illustrated in Figure 4 and Figure 5.  

 
Figure 4: Schematic diagram of the four-ball 
tester. 
 

 
 
Figure 5: Schematic diagram of tapping torque 
set-up.  
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One of the industrial related works is on 
vision based measuring technique for quality 
control works with non-contact measuring 
method. The improvement on this work has 
been recognized and lean implementation has 
been done to conduct the technique in industry 
near Penang. Quality control is an important 
element in manufacturing industry to ensure 
high quality products are produced in order to 
meet customer needs and requirement. The 
project involves the transfer of knowledge 
related to quality improvement in one of the 
semiconductor company in Malaysia.  
Steps taken: 
 
a) Identify pattern of major tribo-defect 
 

 
 
Figure 6: Tearing at panel-edge for part. 
 
b) Analysis tearing at panel-edge 

 
Tearing at panel-edge

Improper loading by the operator

Operator over stack the panel

Guide pin design

Guide pin is longer than allowable panel stacking
 

 
Figure 7: 5-Why analysis for tearing at panel-
edge. 
 

This technique could ease the way forward 
in corrective and preventive actions (CAPA) 
method of conducting research especially 
related to high demand and low duration impact 
research. The work is awarded from Knowledge 
Transfer Programme form KTP.  

Wear behaviour of TIC coated low alloy 
steel at 600 ⁰C has been carried out in an effort 
to materialized the hard surface coating and 
work has been published as illustrated in Figure 
8 whereby improvement on coated surface 
morphology has been presented in Figure 9.  

 
(a) 

 
(b) 

Figure 8: Wear profile of the (a) uncoated and 
(b) coated. 
 

 
(a) 

 

 
(b) 

Figure 9: The rate of (a) wear loss and (b) 
surface oxidation for the uncoated and coated 
samples.  
 

Currently, the author is working on the 
tribological study on recycle carbon with 
Nuclear Malaysia, CTRM, UTEM and USM for 
the conservation of environment especially 
related to aerospace industry and to retrieve the 
survival of the small and medium enterprise 
(SME). Results and discussion is available from 
[1].  
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3. Conclusion 

As a conclusion, the publications related to 
all the said works can be reached from the 
author [1]. Hence, for all young tribologists in 
this colloquium, the author would like to 
encourage all to work for the humanity, touch 
as many people along the way to succeed and 
don’t forget to contribute back to the 
community.  
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 Bio-based lubricant have been used and commercialized as an engine 
oil. However, extreme pressure and anti-wear performance of these bio-
based lubricant is undesirable without proper additive package. 
Graphene can be used as an additive to reduce friction and wear while 
increasing extreme pressure performance. This paper propose the usage 
of graphene additive in bio-based engine oil. Some key factor that need 
to be accounted before commercialization will be discussed.  

 
1. Bio-based lubricant as engine oil 

Engine oil, especially automotive lubricant, 
have the largest demand in the global lubricant 
market. Typically, mineral-based lubricant is 
widely used in internal combustion engine. 
However, the effects of using these mineral 
based lubricant cannot be overlook as they are 
toxic and non-renewable [1]. With growing 
environmental awareness, various efforts have 
been made to find a suitable alternative for 
petroleum-based oil. 

Vegetable-based lubricant is an excellent 
candidate to replace mineral based oil as an 
engine oil. The main specialties of bio-based 
lubricant are its broad availability and 
renewable sources, making it easy to be found 
worldwide. 

Previous studies have investigated on the 
prospect of using these oil in an engine. Igartua 
et al. [2] reported that bio-based lubricant 
formulated for automotive application not only 
comply with the environmental standard, it is 
also lowers fuel consumption compared to 
conventional motor oil. In another study by 
Bongfa et al. [3], it was found that unmodified 
castor oil have a better frictional performance 
though worse in term of wear. The anti-wear 
and extreme pressure of these bio-based 
lubricant is questionable when compared 
mineral-based oil with anti-wear additive. 
However, with proper additive package, this 
problem can be overcome.  

 
 

2. Graphene as engine oil additive 

Graphene is a two-dimensional carbon 
allotrope which has a honeycomb-like structure. 
It is the basic building block to other carbon 
allotrope such as graphite, carbon nanotubes 
and fullerene. The most interesting part of 
graphene is its properties. Among its properties 
are a strength that is 200 time stronger than 
steel, heat and electrical conductivity and is 
nearly transparent.  

With the advent of nanotribology, the usage 
of nanoparticle as additive in lubricating is 
steadily emerging in the 21st century. Nano 
sized graphene have been used as research 
material to verify its possibility as a lubricant 
additive. Being two-dimensional, graphene 
shears easily and can form a protective layer on 
the contacting surfaces hence reducing friction 
and wear.  

Numerous effort have been done to take 
advantage of graphene unique properties and 
applying it to an engine as an additive. 
Eswaraiah et al. [4] found that addition of 
graphene will cause an improvement in 
frictional characteristic, anti-wear and extreme 
pressure performance of an engine oil. A study 
by Ramón-Raygoza [5] found that further 
improvement on tribological properties and a 
more stable dispersion can be achieved by 
impregnating graphene with other nanoparticle.  
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3. Development of graphene as bio-based 
lubricant additive 

Putting two and two together, it is not 
illogical to propose the usage of graphene-based 
additive in bio-based lubricating oil. Given the 
weakness of bio-based lubricant in extreme 
pressure and wear, graphene can compensate its 
weakness with its high mechanical properties. 

To date, there is little to no information on 
using graphene additive in a bio-based 
lubricant. A preliminary study by Azman et al. 
[6] shows that graphene can be added in a 
TMP/PAO mixture to increase its frictional 
performance at room and elevated temperature. 
Further study regarding this topic was carried 
over on another article [7] where the samples 
are fully analysed. It was found that graphene is 
able to reduce the COF and WSD of the 
TMP/PAO mixture at optimum concentration 
as shown in Figure 1.  
 

 
Figure 1: Coefficient of friction and wear scar 
diameter of bio-based lubricant with graphene 
[7].  
 
4. Barrier of graphene as bio-based 

lubricant additive 

To further analyse the feasibility of 
graphene additive in bio-based lubricant, 
several key parameter must be studied. The 
dispersion stability of graphene in bio-based 
engine oil must be considered before 
commercialization of this lubricant. The 
inertness of graphene disallows its interaction 
with base oil making the dispersion unstable. 
Azman et al. [7] reported that the sedimentation 
of graphene occurs in less than a week after its 
dispersion.  
The effects of using graphene-contained bio-
based lubricant in a long period of time must be 
known. Schriver et al. [8] reported the use of 
graphene in the long term may worsen the 
oxidative and corrosive wear of the surface. 
However, the report only focuses on the effect 
graphene coating but it will be wise to take a 
precautionary step in making this graphene 
additive in bio-based engine oil.  
 

5. Conclusions 
The use of bio-based lubricant as an engine 

oil have been widely known and 
commercialized. However, without proper 
additive package, the extreme pressure and anti-
wear performance bio-based lubricant is 
inadequate. With the addition graphene, the 
frictional, anti-wear and extreme pressure 
performance can be improved. This paper 
presented the feasibility of using graphene in 
bio-based engine oil as an additive and key 
factors that needs to be considered before its 
commercialization.  
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 Biodiesel has been proven to be a good fuel lubricity enhancer. 
However, limited work has been done to examine the potential of the 
methyl ester molecules in biodiesel as possible lubricant additives, with 
most of them mainly experiments involving tribotesters, which could be 
costly. An alternative approach is to resort to molecular dynamics 
simulation. Detailed tribological studies using such approach first 
require the capability of modeling lubricant rheological properties 
accurately. Therefore, as an initial approximation, the current study 
intends to apply an all-atom molecular dynamics approach to determine 
the rheological properties for Methyl Oleate and Methyl Palmitate. 
Using molecular dynamics, it is shown that the simulated properties, 
including density, radius of gyration, self-diffusion coefficient and 
dynamic viscosity, for both methyl ester molecules correlate well with 
reported literature data. Thus, this provides a molecular level foundation 
to further enhance the understanding of tribological properties for such 
molecules in forming tribofilms along lubricated contacts, consisting of 
engineering surfaces. 

 
1. Introduction 

It is estimated that approximately 22 million 
tonnes of lubricant is consumed globally in the 
year 2015 [1]. From these amounts, a large 
majority of the lubricants is still mineral-based. 
It is also realized that synthetic lubricant 
additives could also lead to lubricant-derived 
emissions, possibly impacting the exhaust-
after-treatment system in vehicles, which might 
eventually emit toxic pollutants [2]. Therefore, 
a new concept, known as Green Tribology has 
been introduced in view of the environmental 
impact of tribology. The concept includes the 
science and technology of tribological aspects 
of ecological balance and of environmental and 
biological impacts [3]. 

One of the principles of the concept focuses 
on the utilization of biodegradable lubrication 
[4]. Vegetable oil based and/or animal fat based 
natural lubricant should be taken into 
consideration for use in lubrication systems of 
automotive, hydraulic and metal-cutting 

applications. An alternative to petroleum-based 
lubricant/additive is biodiesel. Biodiesel is 
known as monoalkyl esters derived from either 
vegetable oil or animal fat through 
transesterification. It is commonly utilized as an 
additive to improve the lubricity of petro- diesel 
[5]. This property is attributed to their polarity 
imparting oxygen atoms [6]. Such mechanism 
in imparting lubricity is similar to a friction 
modifier in a typical lubricant. However, only 
limited work has been conducted to explore the 
potential of biodiesel as possible alternative 
biodegradable friction modifier [7], with most 
of them experiments involving tribotesters [8], 
which could prove to be costly.  

An alternative method in better 
understanding the fundamentals of tribofilm 
formation of biodiesels can also be studied 
using molecular dynamics studies. To 
understand the tribological properties of methyl 
ester molecules, it is essential to be able to first 
simulate the rheological properties of these 
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molecules. Therefore, the current study aims to 
apply a molecular dynamics approach to 
simulate the rheological properties of methyl 
ester molecules. Recently, Hamdan et al. [8] 
found that frictional losses for a biodiesel-
lubricated contact reduce with decreasing 
mono-unsaturated to saturated fatty acid methyl 
ester ratio. Hence, the current scope of the study 
covers the development of an all-atom 
molecular dynamics model for methyl ester 
molecules of biodiesel, namely Methyl Oleate 
(C18:1) and Methyl Palmitate (C16:0), which 
are also the two most commonly found 
composition in vegetable oil derived biodiesels. 
Upon completion of this study, it is expected 
that this could provide a platform to further 
enhance the understanding of the molecular 
interaction along tribological conjunctions in 
forming tribofilms.  
 
2. Experimental procedure 

In this study, all-atom molecular dynamics 
models are being setup for both Methyl Oleate 
and Methyl Palmitate molecules (as given in 
Figure 1) to simulate their rheological 
properties. The atom-atom interactions and 
atomic charges are determined using the 
Condensed-phase Optimized Molecular 
Potentials for Atomistic Studies (COMPASS) 
force fields [9].  

 

  
(a) Methyl Oleate 

(C18:1) 
(b) Methyl Palmitate 

(C16:0) 
 
Figure 1: Molecular structures for simulated 
methyl ester molecules 
 

The all-atom models are solved using 
Large-scale Atomic/Molecular Massively 
Parallel Simulator (LAMMPS) in the current 
study. The simulated system for each of the 
methyl ester molecules consists of 150 
molecules. These molecules are packed and 
randomized using PACKMOL [10], giving an 
initial configuration of the simulated system. 
Then, LAMMPS input for the system is 
generated using Moltemplate [11]. It is to note 
that periodic boundary conditions are utilized 
along x, y and z directions. A cutoff distance of 

14 Å is applied to account for non-bonded 
interactions, such as electrostatic and van der 
Waals interactions.  

The energy for the initial all-atom molecular 
dynamics system generated using PACKMOL 
is first minimized in LAMMPS. Then, the 
system is heated up to 500 K for 1 ns using 
isothermal-isobaric (NPT) ensemble at 1 bar 
pressure. The heated system is later cooled 
down from 500 K to 333 K for 5 ns in NPT 
ensemble at 1 bar pressure. After this, the 
system is equilibrated at 333 K and 1 bar 
pressure for 1 ns using NPT ensemble.  Using 
the equilibrated system, a production run is then 
executed for 10 ns in the canonical (NVT) 
ensemble at 333 K. It is to note that a time step 
of 1 fs is used with time reversible Reference 
System Propagator Algorithm (rRESPA) multi-
scale integrator [12] through out the whole 
simulation. Figure 2 shows the simulation box 
for 150 Methyl Oleate molecules.  

 
 
Figure 2: Simulation box for Methyl Oleate 
molecules (150 molecules).  
 

From the production run, rheological 
properties for the investigated methyl ester 
molecules can be determined. This includes 
calculating the radius of gyration using: 

 

!"# =
1
& '( )( − )+, #

(
 (1) 

where & refers to the total mass of the group, 
)+, refers to the center-of-mass position of the 
group. Then, the Mean Squared Displacement 
(MSD) is computed using: 
 

&-. = ) / − )(0) #  (2) 

where ) /  refers to the position vector of a 
particle at time / and ) 0  refers to the initial 
position vector of this particle. Using the MSD 
values computed as a function of simulation 
time, the self-diffusion coefficient can then be 
determined based on Einstein’s relation as 
follow:  
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. = lim
6→8

1
6/ ) / − )(0) #  (3) 

Finally, from the self-diffusion coefficient, ., 
the dynamic viscosity of the simulated methyl 
esters are then calculated using the Stokes-
Einstein relationship given below: 
 

: = ;<=
4?.)@

      (4) 

where )@ is the hydrodynamic radius, which in 
the current study is assumed to be ≈ !". 
 
 
3. Results and discussion 

The current study intends to determine the 
rheological properties for Methyl Oleate and 
Methyl Palmitate all-atom molecular dynamics 
systems. The COMPASS force field is applied 
to take into account for the atom-atom 
interactions and atomic charges.  

Table 1 shows the simulated densities for 
the simulated Methyl Oleate and Methyl 
Palmitate all-atom systems at 333 K. It can be 
observed that the simulated densities vary at 
2.37% and 2.39% from the reported literature 
values [13] for Methyl Oleate and Methyl 
Palmitate, respectively. This shows a good 
correlation between the simulated systems and 
the reported literature data. The simulated radii 
of gyration, R_g for Methyl Oleate and Methyl 
Palmitate systems are summarized in Table 2, 
which can also be observed to be within the 
range reported in literature data.  
 
Table 1: Simulated density (g/cm3) values for 
investigated methyl ester systems at 333 K [13]. 

Molecule type Simulation Literature 
Methyl Oleate 0.825 0.845 
Methyl Palmitate 0.816 0.836 

 
Table 2: Simulated radii of gyration, !" (Å) 
values for investigated methyl ester systems at 
333 K [14].  

Molecule type Simulation Literature 
Methyl Oleate 5.3 5.4±0.5 
Methyl Palmitate 5.4 6.1±0.5 

 
Figure 3 illustrates MSD values as a 

function of simulation time for both the 
simulated Methyl Oleate and Methyl Palmitate 
systems. The linear trends produced correlate 
well with the intended simulated liquid phase 
for the methyl ester systems at 333 K. By curve 
fitting the MSD values against simulation time 
data, self-diffusion coefficient, D for Methyl 
Oleate and Methyl Palmitate can then be 
determined as given in Table 3. Using these 
values, it is then possible to calculate the 

dynamic viscosities for both the methyl ester 
systems using the Stokes-Einstein relationship 
given in equation (4).  

 

 
 
Figure 3: Mean squared displacement (MSD) 
values as a function of simulated time for 
investigated methyl ester systems at 333 K.  
 
Table 3: Simulated self-diffusivity coefficient, 
D (×10-10 m2/s) for investigated methyl ester 
systems at 333 K [14].  

Molecule type Simulation Literature 
Methyl Oleate 2.5 2.9 
Methyl Palmitate 2.9 2.4 

 
 

 
(a) Methyl Oleate (C18:1) 

 
(b) Methyl Palmitate (C16:0) 

 
Figure 4: Dynamic viscosities for simulated (a) 
Methyl Oleate and (b) Methyl Palmitate at 
different temperatures (Solid and dashed line 
refers to literature data [13]).  



Mytribos Symposium 2 (2017) pp.14-18 

 17 

Figure 4 shows the dynamic viscosity 
change with temperature for Methyl Oleate and 
Methy Palmitate all-atom molecular dynamics 
systems. It can be observed that the change of 
dynamic viscosity with temperature correlates 
reasonably well with the trends reported in 
literature data [13]. 
 
4. Conclusion 

The study aims to simulate rheological 
properties for Methyl Oleate and Methyl 
Palmitate systems using all-atom molecular 
dynamics simulation. The atom-atom 
interactions and atomic charges used in the 
methyl ester systems are defined by COMPASS 
force field and then solved using LAMMPS. It 
is shown here that the all-atom models setup 
proposed in this study for Methyl Oleate and 
Methyl Palmitate molecules exhibit rheological 
properties (e.g. density, radii of gyration, self-
diffusion coefficient and dynamic viscosity) 
with good correlation as compared to the data 
reported in literatures. This shows that the all-
atom molecular dynamics model using 
COMPASS force field is capable of simulating 
the rheological properties of methyl ester 
molecules, such as Methyl Oleate and Methyl 
Palmitate. This presents a good foundation to 
conduct molecular studies with respect to the 
tribological properties (e.g. shear and load 
carrying capacity) of methyl ester molecules 
using molecular dynamics approach, which 
could enhance the understanding of tribofilm 
formation of these molecules on engineering 
surfaces.  
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 Various friction coefficients have been reported on the agricultural 
materials, to support the agricultural productivity. However, the 
reliability and productivity of modern agricultural equipment, 
maintenance cost, energy cost, and the cost of the agricultural 
production depend on the intensity of the wear of the used components. 
The article presents a review of tribological properties of the selected 
environment and food material in agricultural production. Increase in 
friction of the agricultural materials will increase the tear and wear, 
energy usage as well as the cost. A simple example of few materials used 
in agriculture is investigated, focusing on the soil effect, agro-product, 
and agricultural machinery equipment. 

 
1. Introduction 

Friction coefficient (µ) of the biological 
material or any agro-product is important for 
agricultural production. Mohsenin (1970) [1] 
has listed a wide range of physical properties of 
agricultural materials. The µ is a dimensionless 
quantity and lies under two basic laws; i) The 
force of friction is directly proportional to the 
applied load, ii) The force of friction is 
independent of the apparent area of contact [2]. 
In agriculture application, the µ is very much 
system-dependent and varied in time (e.g. 
wear). Therefore, known condition for a 
specific test and applied problem must be 
addressed under tribosystem (e.g. temperature 
and moisture content). Friction from the contact 
surface transformed into dissipated heat or 
stored in the tribosystem in the form of energy 
[3].  

Thus, the effect is, for instance, in the 
deformation, and work hardening. The most 
common soil condition and type, selected agro-
product and machinery and implement used in 
Malaysia is presented in Table 1 with the 
friction coefficient values, and its condition 
requirement for science and engineering 
application. 
 

2. Friction coefficient of selected materials 

2.1 Soil and Environment 

The soil derives its shear strength in two 
sources; (i) cohesion/adhesion and (ii) frictional 
resistance, which the latter factor is much 
dependent upon on the particle size of the soil. 
Moreover, the particle size also plays an 
important role in engaging the resistance to any 
agricultural tools. The occurrence of soil 
adhesion exists when the soil is in contact with 
a solid interface (e.g. tillage implements [13]). 
Sliding resistance created on the interface 
depends upon the acting stress normal to the 
surface and angle of friction. By reducing 
adhesion and soil friction angle, the sliding 
resistance of soil engaging implements is 
reduced. The shear strength of soil due to 
friction is measured in terms of internal friction 
angle (f) [4].  

Reliability and productivity of modern 
agricultural equipment, maintenance cost, 
energy cost, and the cost of the agricultural 
production depend on the intensity of the wear 
of the used components. The cost of the repair 
depends upon the type of workload, duration 
utilized, the age of the machine, and working 
environment.  
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Table 1: List of the common agricultural 
materials associated with friction coefficient 
values and its relative energy requirement.  

Material Friction 
Coefficient, 
(µ)  

Condition 

Soil and environment 

Soil type 
Clay [4,16] 
Sand [5] 
Silt [5]  

 
0.30-0.50 
0.45- 0.60 
0.20-0.35 

Field capacity, 
minimum of 70% 
soil moisture content 
(MC), steel 

Selected Agro-product 

Palm 
fronds [6] 

 0.70 – 1.50  
 
 

0-50% MC, for fine 
and coarse particles, 
on steel-polymer 
coated 

 
Rice 
Grain  
[7,8 ] 
 
 
Starch [9] 
 
 
Straw and 
Husk [10] 

 
0.17-0.21 
0.37-0.41 
0.34-0.39 
 
0.25 – 0.60 
 
 
 
0.30 – 0.40   

 
10% MC, on steel 
On wood 
On concrete 
 
At various viscosity 
× speed/load, steel 
 
 
High temperature, up 
to 300˚C 

Corn 
Grain [11] 
 
 
 
Silage [12]  

0.20-0.43 
(static) 
0.17-0.35 
(dynamic) 
 
0.66 - 0.70 

 
 
6.5-10% MC, steel 

 
 
73% MC, steel, 426-
1360 Pa  

 

The producer often has to bear the cost for 
about 15-20% of the purchase price for the 
repair cost budget for a tractor under 80 
horsepower (hp), and about 15-30% for the disk 
implement [14]. Thus, the producer has to make 
enough profit to overcome the losses. 

The innovation of the product development, 
for instance using the plastic-based product or 
polymer-based product for bearing seal and 
sliding mechanism would help in using the 
agricultural tools and equipment used under 
heavy operation [15]. For instance, replacing 
with coated roller bearing on the disk-plough 
implement, would increase the lifespan of the 
equipment, thus reduce the repair and wear cost. 
Others found that with the enamel coating on 
the cage wheel, improve the performance of the 
power tiller under soft soil [16].   
 
2.2 Agro product 

Rice and field corn are the two common 
grains grown in Malaysia either for human 
consumption or for the livestock feed. The µ 
values are important in selecting a proper 

material properties. High in silica content (89-
98%) in the rice husk may increase tear and 
wear on the machinery used during the rice 
cultivation (combine harvester) and at the mill 
processing plant. Recent study reported that, 
innovation of the rice husk transformation into 
good quality break pad to replace unsustainable 
resource of asbestos material [12]. Another 
example is the fabrication of the material flow 
on the galvanized steel for the feedstock.  
 
3. Conclusion 

The friction coefficient values are well 
established for science and engineering 
application. However, careful selection should 
be undertaken when doing the testing by taking 
into the other factors affecting measured 
properties especially working at micro or nano 
level.  
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 In this study, a cryogenic carbon dioxide cooling technique is 
implemented when turning of AISI 1045 medium carbon steel using 
uncoated carbide insert. In particular, various gas spray methods is 
analyzed by evaluating its effect on the progression of cutting tool wear. 
It was observed that pulse spray mode significantly reduces the 
consumption of coolant-lubricant, subsequently improve the production 
cost. Pulse spray mode of 70:30 outperformed other modes in terms of 
the tool life. 

 
1. Introduction 

Cutting fluid which is made from petroleum 
based product causes problems such as human 
health, economy and pollution. Improper 
handling and disposal can cause serious 
environmental problems especially in water and 
soil [1]. The treatment and disposal of the 
cutting fluid requires additional cost. According 
to Kloke and Eisenblatter [2], the used of 
cutting fluids was at 7 to 17% related with the 
manufacturing cost. The consumption is several 
times higher than the tool cost in about 2 to 4%. 
Therefore, it is essential to seek for alternative 
techniques in order to overcome the 
aforementioned problems. One of the promising 
technique is called cryogenic machining. The 
purpose of this technique is to cool down the 
machining process especially at the machining 
zone using liquid nitrogen. It was sprayed under 
the high pressure and velocity through a nozzle. 
This technique reduces cutting temperature and 
increases the hardness of the cutting tool hence 
reducing the cutting tool wear. 

Continuous spray mode of cryogenic 
coolant delivery is usually used to decrease 
temperature at the cutting zone. It has been 
proven to be one of the effective methods in 
cooling the machined surfaces. However, there 
are an area that needs an improvement which 
are the lubricant and gas consumption issues. 
Pulse spray mode is seen to be the potential 
alternative in reducing the consumption rates. It 
leads to an economic benefit by saving the 

excessive costs of using metal working fluids. 
The efficiency of spray pulse is the main 
consideration in this study, by which the ability 
to remove the generated heat, reduce the friction 
force and enhancing the cutting tool wear and 
life.  

 
2. Experimental procedure 

The turning process was carried out on a NC 
lathe machine to cut AISI 1045 workpiece (100 
mm width and 150 mm length) at a fixed feed 
rate and cutting speed as shown in Table 1. An 
uncoated cemented carbide tool with a negative 
rake angle of 14° was used as the cutting tool. 
The overall setup is shown in Fig. 1. The cutting 
tools were analysed through a tool makers’ 
microscope (Nikon MM-60) in order to 
measure the progression of cutting tool life. The 
ISO 3685 was referred when conducting the 
machinability test. The cutting tool is rejected 
and further machining was stopped based on or 
a combination of the criteria shown in Table 2. 
In the turning experiment, the pulse mode ratios 
of cryogenic carbon dioxide gas (spray on: 
spray off) were set at 70:30, 50:50 and 30:70 
were applied.  
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Figure 1: Machining setup.  
 
Table 1: Connection between AA and VV. 

Cutting parameters Values 

Cutting speed, vc (m/min) 
Feed rate, fr  (mm/rev) 
Depth of cut, ap       (mm) 

300 
0.2 
1 

SCCO2 parameter Values 

Input chamber pressure, 
Pc  (MPa) 
Pulse mode (Spray On : 
Spray Off) 

7.58; 8.96; 10.4 
 
70:30, 50:50, 
30:70 

 
 
Table 2: Tool wear criteria.  

Type of wear Value 

Average flank wear, VBB ≥   0.3 mm 
Maximum flank wear, VBB max ≥   0.6 mm 
Maximum notch wear, VBN ≥   0.6 mm 
Catastrophic failure - 

 
3. Results and discussion 

Table 3 show the progression of tool wear 
and tool life respectively, under various 
coolant-lubricant strategies. As expected, the 
cutting tool life is increases with the increase of 
both input chamber pressure and spray on 
duration. Maximum machining distance and 
time of 26650 mm and 133.25 minutes 
respectively was obtained at the higher input 
chamber pressure of 10.4 MPa and using 
continuous spray technique. Meanwhile, the 
minimum tool life of 41 minutes (distance of 
8200 mm) is observed at the lowest input 
chamber pressure and spray mode of 7.58 MPa 
and 30:70, respectively. Meaning that, this 
condition exhibited a rapid tool wear after only 
a short period of machining time.  It can be 
observed that notch wear is the dominant tool 
wear mode as shown in Figure 2. One of the 
independent effects are the stress distribution at 
the tool-chip interface is influenced by the 

effective tool-chip contact area and the contact 
mechanics at the interface.  
 
Table 3: Result of tool’s life.  

Input 
Chamber 
Pressure, 
Pc (MPa) 

Pulse mode Continuous 
Spray 

Durat
ion 

Life 
(min) 

Life 
(min) 

7.58 

70:30  63.5 

99.5 50:50  47.75 

30:70  41 

8.96 

70:30  74.75 

101.6 50:50  59 

30:70 45.5 

10.4 

70:30  94.25 

133.3 50:50  70.25 

30:70  47.75 
 
 

 
 
Figure 2: Images of cutting tool failure modes.  
 

Based on result of cutting tool life, the pulse 
spray mode of 70:30 produces longer tool life at 
all levels of input chamber pressures in 
comparison with the other two spray modes. 
The rate of diffusion of material elements is 
related to temperature and time. It is expected 
that the cutting conditions with the highest tool 
life experiences the lowest cutting temperature, 
thus improve its machinability [3]. It is 
generally expected that the cutting force 
increases when the flank wear increased, since 
the ability of the cutting tool to penetrate into 
the workpiece becomes more difficult [4,5]. 
The spray mode of 70:30 recorded the nearest 
result with the continuous spray. It shows that 
the longer the “spray-on” time, the better the 
coolant-lubricant efficiency 
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4. Conclusion 

The effectiveness of cryogenic carbon 
dioxide gas machining at various pulse spray 
modes was successfully evaluated. The pulse 
spray mode of 70:30 is suggested as a solution 
reduce the consumption of cryogenic carbon 
dioxide gas for machining.  
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 Ship uses various types of oil either for fuel, power or lubricity. For 
lubricity purposes, various types of lubricants are used on board. Since 
the marine machineries are working in aquatic environment, the 
lubricating fluid working in each machine is prone to water 
contamination. In this work, effects temperature, shear rate and 
contaminant level on rheological behaviors of water contaminated 
hydraulic fluid were examined. Power law model and Cross-Careau 
models were applied to the experimental data. The findings show that 
the contaminated fluid shows some non-Newtonian behavior. 

 
1. Introduction 

Ship deck crane and ship steering gear are 
used to move cargo and maneuver a ship, 
respectively. Ship machineries can be hydraulic 
crane, winches, steering gear, rudder and many 
others. Hydraulic system used to operate the 
crane and steering gear must meet the required 
torque, force and speed [1]. As these systems 
operate in seawater environment, ingression of 
seawater into the hydraulic system is inevitable. 
The water content, even in minute quantity can 
change the oil property, including lubricating 
property [2]. Operation conditions without 
enough lubrication will produce higher friction, 
excessive wear, and severe oxidation [3]. The 
mechanical components such as valves and 
actuators can be exposed to the contaminated 
oil and oxygen. In the long run this will lead to 
premature failure of the machines. This makes 
it very important to explore rheological of the 
oil. Besides that, the oil used must possess 
enough lubricating properties [4].  

Viscosity is one of the most important 
properties of oil in terms of rheological 
behavior. Therefore, this paper focused on the 
study of rheological behavior of contaminated 
marine hydraulic fluid (CMHF) and emphasizes 
in the effect of temperature and shear rate.  

2. Experimental procedure 

Ingression of seawater in lubricating oil was 
prepared with the ration of 80:20 (oil:water). 
Viscosity measurement of CMHF was 
conducted by using Brookfield (Viscometer 
DV-I+) rotational type viscometer. The 
viscometer (accuracy ±1% full scale range, 
repeatability 0.2% full scale range) was 
calibrated with 4.7 cP Brookfield silicone 
viscosity standard prior to use. The viscosity of 
the oils was measured in triplicate at ten 
different shear rates and different speeds 
between 3 – 100 rpm. A temperature controller 
(temperature accuracy ±1°C) was used for 
temperature study within ranges of temperature 
from 40 - 100°C. The hydraulic fluid was left 
15 minutes until steady state heat transfer was 
achieved.  

The viscosity and percentage of torque were 
manually recorded when the viscosity reading 
reached apparent equilibrium (appears 
relatively constant for reasonable time). The 
viscosities were calculated at ten different shear 
rates in mPa and temperature. The shear stress 
and shear rate were calculated using formulas 
suggested for non-Newtonian fluid as shown in 
Equation 1 [5].  
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 (1) 

 
where τ is shear stress, M is torque (Nm), Rb is 
radius of SP18 spindle and h is the height of 
spindle (m). The shear rate was calculated using 
Equation 2 [6].  
 

* = 1.318×0 (2) 
 
where N is the speed of spindle (rpm). The 
experimental data were fitted to two models 
(Equation 3—4) by using Mathematica 
software version 7 [7].  
 

1 = 23*4567 (3) 

1 = 28*4967 + 1;,= (4) 
 
where Kp and KH are consistency index (pa.sn), 
ηp and ηH are flow behavior index 
(dimensionless), η is dynamic viscosity (Pa. s), 
η∞,γ is viscosity at infinite-shear rate (Pa.s) and  
γ is shear rate (s-1).  
 
3. Results and discussion 

3.1 Test rig  

Figure 1 shows the oil flow from hydraulic 
return line to hydraulic tank. The oil may 
contain bubbles and water content. In the 
hydraulic tank, the oil is conditioned before 
being sucked again through suction pipe. While, 
Figure 2 shows good oil flowing through a 
rotater. For Newtonian and fresh oil, the oil is 
clear and the fluid flow is smooth. And Figure 
3 shows the oil when it was contaminated by 
water (50% by volume). The appearance is 
milky and the flow is turbulent.  

 

 
Figure 1: Contaminated marine hydraulic fluid 
reservoir.  

 
 

Figure 2: Downstream section of hydraulic 
rotater.  
 

 
Figure 3: Contaminated fluid induces turbulent 
flow in pressurized line.  
 
3.2 Rheology study 

Interpretation of how viscous is the fluid is 
indicated by k. The value of k as tabulated in 
Table 1 shows a reduction as the temperature 
increase for both models. This indicates that the 
CMHF has become less viscous at elevated 
temperature. Meanwhile, n values indicate the 
Newtonian level of the fluid. Figure 4 shows the 
reduction at elevated temperature for Power law 
model. Herschel-Bulkley model shows a 
reduction in the value of n from 40 - 60°C and 
increases afterward. Power model shows a 
reliable extrapolation due to the significance 
trend in both parameters [8].  
 
Table 1: Viscous level of viscosity, k and flow 
behavior index, n fitted with two models at 
different temperatures (T is temperature, HB is 
Herschel-Bulkley, PL is Power law).  

T 
(°C) 

k n 

HB P
L HB PL 

40 122854 52 0.99995 0.87691 
50 17489 43 0.99979 0.82774 
60 44 38 0.26102 0.80426 
70 33 32 0.36001 0.80437 
100 31 30 0.53011 0.67625 
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Figure 4: Flow behaviour index, n fitted with 
two models at different temperatures.  
 

Figure 5 shows the dynamic viscosity as a 
function of shear rate for experimental data and 
fitted model. Pseudoplastic behavior is 
observed for CMHF sample due to the decrease 
of viscosity with the decreasing shear rate [9]. 
Both models were found to well fit with the 
experimental data.  
 

 
Figure 5: Dynamic viscosity versus shear rate 
for experimental data and fitted model at 60°C.  
 

Figure 6 shows the dynamic viscosity versus 
shear rate of CMHF at different temperature. 
The viscosity reduces as the temperature 
increase. Higher viscosity value was seen at low 
shear rate region (16-19s-1) indicating that the 
rotating component is stalling faster in 
compared to the high shear rate region. As a 
result, higher torque is required to start the 
rotating motion and hence reducing the 
mechanical efficiency of the system [9].  

Increasing in shear rate caused CMHF 
approximates a levelling off region or also 
known as Newtonian region. The offset was 
more apparent starting from 40s-1 onwards. 
However this trend is less apparent as the 
temperature increases. 

The stability of CMHF relative to the 
influence of shear rate was determined by 
calculating the difference between the highest 
and lowest viscosity values. The difference was 
5.7cP, 11.5cP, 14.3cP, 12.1cP and 11.6cP in 
accordance with the temperature increases.  The 

least difference was at 40°C showing that it has 
the highest Newtonian level.  
 

 
Figure 6: Dynamic viscosity versus shear rate 
at different temperatures.  
 
4. Conclusion 

The elevation of temperature has caused the 
viscous level of fluid, k reduce indicating that 
CMHF became less viscous. The viscosity of 
CMHF also decreases as the temperature 
increase. The flow behavior index, n shows the 
highest Newtonian level at 40°C. As shear rate 
increases, CMHF is approximate the Newtonian 
region due to least difference in the viscosity 
value. Power law model has the best fitted data 
compared to Herschel-Bulkley model.  
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 Self-esteem on having nice and attractive smile becomes inspiration to 
toothpaste industry producing multitude of toothpaste. Currently, there 
is variety of toothpaste brands growths with extremely diversified 
marketing strategies aiming to provide product lines for specific or 
particular applications. Toothpastes were believed to be an important 
mover or medium for preventing oral diseases. The objective of this 
study was to investigate the tribological effects of different toothpaste 
additive during tooth brushing on the permanent teeth. Pin On Disc tribo 
tester was used where nylon acting as tooth brushes. The tests were 
conducted on permanent anterior teeth collected from clinical session. 
Different types of toothpaste namely: (a- for whitening; b- for sensitive 
teeth; c- for protection) from different brands will be used in this study. 
The null-hypothesis was that three is no abrasive difference between the 
different toothpastes. 

 
1. Introduction 

Teeth are part of organ in human body with 
a major function for chewing foods. Dowson 
(2008) mentions that wear of teeth is universal 
and generally uncomfortable experience [1]. 
Teeth are composite structures with hard 
enamel exterior covering the bulk of softer 
dentine and inner pulp as shown in Figure 1 [2]. 
It was reported that the protective or cutting 
layer of enamel has a thickness ranging from 1 
to 2 mm. Dowson also mention that, the wear 
rate of dentine can be about two orders of 
magnitude greater than enamel. This makes the 
selection of the abrasive dentifrice and the 
toothbrush essential.  

Zhou and Zheng (2006) conduct successful 
design and suitable material selection for oral 
restoration [3]. They found that an efficient and 
universally accepted in vitro tribological test 
would undoubtedly promote and assist the 
development of oral tribology. They suggest 
that wear results in vitro tooth tests are difficult 
to relate to those in vivo tooth tests.  

In the review paper on tooth cleaning and 
tooth wear [4], they concluded that tooth wear 
is a complicated process, comprising a number 
of different mechanism which may occur 

simultaneously and possibly synergistically. 
They also pointed out that the introduction of 
dental products with a significant protective 
action against tooth wear, especially erosion, is 
recommended.  
 

 
Figure 1: Human tooth structure [2].  
 

There are four main types of wear in teeth 
namely attrition, abfraction, abrasion and 
erosion [5]. Lewis and Dwyer-Joyce suggested 
that the major influencing factor on all the 
different wear mechanisms afore mentioned is 
the acidity of the oral environment. They 
concluded that increasing acidity tends to 
reduce the hardness and young modulus of 
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enamel and dentine, which leads to increasing 
wear rates.  

Self-esteem on having nice and attractive 
smile becomes inspiration to toothpaste 
industry producing multitude of toothpaste. 
Currently, there is variety of toothpaste brands 
growths with extremely diversified marketing 
strategies aiming to provide product lines for 
specific or particular applications. Toothpastes 
were believed to be an important mover or 
medium for preventing oral diseases.  

There are three main types of toothpaste 
namely for sensitive tooth (Fluoride 
toothpaste), Anticavity with charcoal and 
Whitening. The ingredients and its active 
ingredients are given in Table 1 and Table 2.  
 
Table 1: Toothpaste ingredients. 

Sensitive Anticavity Whitening 
- Calcium 

carbonate  
- Water 
- Sorbitol 
- Arginine 

bicarbonat
e 

- Sodium 
lauryl 
sulfate 

- Sodium 
monofluor
o 
phosphate 

- Cellulose 
gum 

- Sodium 
bicarbonat
e 

- Tetrasodiu
m 
pyrophosp
hate 

- Benzyl 
alcohol 

- Sodium 
saccharin 

- Xanthan 
gum 
 

- Water 
- Sorbitol 
- Hydrated 

silica 
- PVM/MA 

Copolyme
r 

- Sodium 
lauryl 
sulfate 

- Carrageen
an 

- Sodium 
hydroxide 

- Sodium 
fluoride 

- Triclosan 
- Sodium 

saccharin 
- Charcoal 

powder 
- Mica 

 

- Water 
- Hydrated 

silica 
- Glyserin 
- Sorbitol 
- PVM/MA 

copolymer 
- Sodium 

lauryl 
sulfate 

- Cellulose 
gum 

- Sodium 
hydroxide 

- Propylene 
glycol 

- Carrageena
n 

- Sodium 
Fluoride 

- Sodium 
saccharin 

- Triclosan 
 

 
Table 2: Toothpaste active ingredients.  

Sensitive Anticavity Whitening 
- Arginine 

8%  
- Sodium 

monofluoro 
phosphate 
1.1% 

- Sodium 
fluoride 
0.32%  

- Triclosan 
0.3% 

- Sodium 
fluoride 
0.32%  

- Triclosan 
0.3% 

 

From Table 1 and Table 2, it was observed 
that the Anti-cavity and Whitening toothpaste 
have the same active ingredients. In this study, 
the tribological effects of different toothpaste 
additive during tooth brushing on the permanent 
teeth have been investigated.  

 
2. Experimental procedure 

2.1 Sample Preparation 

This study was carried out on human teeth 
collected during dental clinical session in 
University Hospital Kuala Lumpur. Selected 
molars and premolars tooth were choose base 
on its conditions. Samples were selected based 
on key criteria, free from filling procedure, to 
allow for enamel testing on the tooth later.  

2.2 Tribology Wear Test 

The tests were conducted using a tribo 
tester, Pin on Disc. For each test, molar teeth 
specimens was cleaned using tap water and 
brushed with extra soft toothbrush. The tests 
were conducted under ambient conditions for a 
duration of 1 hour at rotational speed of 150 
rpm. The tests were carried out at an applied 
load of 5N. Nylon disc were used as 
replacement of toothbrush bristle. 

The weight of teeth specimen was recorded 
before and after each test using + 0.1 mg 
balances (Shimadzu AW120). The roughness of 
the sliding surface of the teeth specimens were 
measured before and after the test using optical 
3D surface measurement device. Details of 
surface morphology and the surface roughness 
were obtained. During the testing, toothpaste 
was applied for every 5 minutes on the surface 
of nylon disc.  
 
3. Results and discussion 

Results on wear rate and friction coefficient 
for tests with (Anti-cavity, Sensitive and 
Whitening) and without toothpastes are 
presented in Figure 2 and Figure 3.  
 

 
Figure 2: Wear Rate over distance. 
 
 



Mytribos Symposium 2 (2017) pp.29-31 

 31 

Generally, the wear rate at the beginning of 
the test is higher and decreases over distance. 
This was expected due to loss of enamel layer 
on tooth structure. Test with Anti-cavity 
toothpaste show the lower wear rate compared 
to other toothpaste. The friction coefficients 
profiles over time with and without toothpastes 
were distinctively different. Results without 
toothpaste are relatively steady over time. It was 
observed that, despite having the same active 
ingredients, the profiles for Anti-cavity and 
Whitening were different with Anti-cavity 
having a higher degree of fluctuation. 

 

Figure 3: Friction Coefficient between teeth 
and nylon.  
 
4. Conclusion 

An investigation on the tribological effect of 
toothpaste additives during brushing on human 
teeth have been investigated. A tribo meter, Pin 

on Disk, was deployed during testing. All three 
types of toothpastes (Sensitive, Anticavity, and 
Whitening) produced different profiles over 
time with highest and lowest wear recorded for 
Sensitive and Anticavity respectively. For 
friction coefficient profiles over time, All three 
types have shown fluctuating trend and very 
distinct from the case without toothpaste. 
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 Water in diesel emulsion fuel (W/D) is one of the alternative fuels for 
diesel engines which are well-known for simultaneous reduction of 
Particulate Matter (PM) and Nitrogen Oxides (NOx) emissions. 
However little has been done to investigate the effect of W/D emulsion 
fuel in the long run. This study aimed to investigate the effects of diesel 
engine operated on W/D for 200 hours on the lubrication oil in 
comparison with Malaysian conventional diesel fuel (D2). Two types of 
W/D were used in the experiment comprising of water, D2 and 
surfactant; with a ratio of 10:89:1 v/v% (E10) and 20:79:1 v/v% (E20). 
The measured parameters for the lubrication oil analysis include 
kinematic viscosity, Total Acid Number (TAN), and water content. The 
findings showed that the kinematic viscosity, TAN and water content 
using W/D were better or unchanged compared to using D2. 

 
1. Introduction 

At present, diesel engines are the most 
efficient internal combustion engines for 
transportation and industrial activities. 
However, diesel engines emit hazardous levels 
of Particulate Matter (PM) and Nitrogen Oxides 
(NOx) emissions [1-3]. A well-known in-
cylinder method for reducing the NOx 
emissions production rate is water in diesel 
emulsion fuel (W/D) [4-5]. The W/D droplets 
are relatively smaller than neat diesel (D2) due 
to the so-called micro-explosions which allow a 
complete combustion [6-7]. The lubrication oil 
quality needs to stay high because it ensures 
good operation of the diesel engines, provides 
the mechanical strength, maintains the 
cleanliness of the engine and reduces the 
friction. Currently, no detailed studies have 
been performed on the effects of W/D 
application on the engine durability and 
lubrication oil parameters such as kinematic 
viscosity, Total Acid Number (TAN) and water 
content. A detailed analysis on lubrication oil is 
performed in this study operating for long 
periods using W/D. 

 
 
 

2. Experimental procedure 

In this study, two types of W/D with 
different water concentrations were employed, 
E10 (10% water) and E20 (20% water). An 
electrical mixer mixed W/D from Malaysian 
low-grade diesel fuel (D2) and tap water at a 
propeller speed of 2500 rpm for 5 min. The 
characteristics of the test fuels are shown in 
Table 1. 
 
Table 1: D2 fuel characteristic.  

Properties Unit  D2 
Calorific value  
Cloud point 
Density @ 15 oC  
Total sulphur  
Viscosity @ 40 oC 

MJ/kg 
oC 
kg/L 
mass% 
cSt 

45.28 
18 
0.854 
0.28 
4.64 

 
To stabilise the emulsion, 1% v/v of SPAN 

80 was used as the surfactant. Three identical 5 
kW diesel engines generator were used, each 
engine for each type of fuel. The specifications 
of the engine are listed in Table 2 

The tests were conducted for 200 h. For the 
first 100 hours, the engines were given 3 kW 
load and for the remaining hours 1 kW at a 
constant speed of 3000 rpm. A mixer with a 
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propeller speed of 60 rpm was installed in the 
W/D emulsion fuel tank to maintain the stability 
of the fuel throughout the durability test. 
Throughout the test run, the level of the 
lubrication oil was monitored. At every 40 
hours, a lubrication oil sample was sent to 
analysis and oil replacement was performed at 
the 100th hour. The standards for the lubrication 
oil analysis are shown in Table 3.  
 
 
Table 2: Test engine specifications. 

Parameter Specification 
Engine Type  
Bore/ Stroke  
Maximum speed  
Compression ratio  
Displacement 
Combustion 
chamber 

One cylinder, DI, AC 
86/70 mm  
3500 rpm  
19.3 
416cc 
Swirl chamber 

 
 
Table 3: Lubrication oil analysis standard.  

Parameter  Standard Method 
Kinematic viscosity  
Total acid number 
Water 

ASTM D7042 
ASTM D664 
ASTM D6304 

 
3. Results and discussion 

3.1 Kinematic viscosity 

Figure 1 shows that the kinematic viscosity 
of the lubrication oil evaluated at 40 °C 
decreases rapidly for all 3 types of fuel.  In the 
beginning, the rate of change was controlled by 
the fuel which enters the lubrication oil by fuel 
dilution and led to an initial reduction in 
kinematic viscosity.  

 

 
Figure 1: Change in the lubrication oil 
kinematic viscosity at 40 °C.  
 

Fuel dilution is mainly caused by the 
clearance between the piston rings and the 
cylinder liner. It was shown that W/D tends to 
reduce the wear between the piston ring and 
cylinder liner due to lower combustion 
temperature. The lubrication oil kinematic 
viscosity variation of W/D emulsion fuels did 
not exceed the allowable limits. It also created 

a similar reduction in the kinematic viscosity as 
compared to D2 
 
3.2 Total acid number (TAN) 

The total acid number (TAN) is an indicator 
of lubrication oil serviceability. The lower TAN 
indicates a better performance and lower 
corrosion risks of the lubrication oil. These 
items also indicate the cleanness of the fuel. The 
anti-oxidation and part of the anti-wear additive 
to determine whether the alkalinity has 
decreased to a certain level and that the 
lubrication oil should be replaced. Figure 2 
shows the TAN variation in lubrication oil 
during 200 h operation. Lower TAN values 
were observed at 14% and 18% for E10 and E20 
respectively as compared to D2. So, the 
introduction of water in W/D did not cause 
higher TAN in lubrication oil.  

 

 
Figure 2: Change in the TAN of lubrication oil. 
 
3.3 Water content 

Figure 3 shows the water content of 
lubrication oil. It can be observed that the water 
content in lubrication oil for diesel engine 
fuelled with W/D was less than D2. 

 

 
Figure 3: Change in the water content of 
lubrication oil.  
 

The E20 gave lower water content by 74% 
compared to D2. The cooling effect provided by 
W/D resulted in lower blow-by gases that lead 
to lower amount of water vapour condensing in 
the crankcase which might be the reason for this 
result. The concern that water in W/D would 
negatively affect the lubrication oil and cause 
corrosion in a diesel engine is thus not proven.  
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4. Conclusion 

The W/D emulsion fuel caused the slightly 
higher kinematic viscosity of the lubrication oil 
by 14.31% compared to D2. The results were 
caused by lower fuel dilution through the 
clearance between the piston rings and the 
cylinder liner. Also, the lubrication oil 
kinematic viscosity variation did not exceed the 
allowable limits. The W/D resulted in a 
reduction of water content, and TAN in the 
lubrication oil by 74% and 18% respectively. 
The concern of water intrusion in the crankcase 
can then be ignored based on the results.  
 
 
Reference 

 
[1] Hasannuddin, A. K., Wira, J. Y., Srithar, 

R., Sarah, S., Ahmad, M. I., Aizam, S. A., 
... & Mohd, S. S. (2016). Effect of 
emulsion fuel on engine emissions–A 
review. Clean Technologies and 
Environmental Policy, 18(1), 17-32. 

[2] Ithnin, A. M., Noge, H., Kadir, H. A., & 
Jazair, W. (2014). An overview of 
utilizing water-in-diesel emulsion fuel in 
diesel engine and its potential research 
study. Journal of the Energy Institute, 
87(4), 273-288. 

[3] Hasannuddin, A. K., Ahmad, M. I., 
Zahari, M., Mohd, S. S., Aiman, A. B., 
Aizam, S. A., & Wira, J. Y. (2014). 
Stability Studies of Water-in-Diesel 
Emulsion. In Applied Mechanics and 
Materials (Vol. 663, pp. 54-57). Trans 
Tech Publications. 

[4] Ithnin, A. M., Ahmad, M. A., Bakar, M. 
A. A., Rajoo, S., & Yahya, W. J. (2015). 
Combustion performance and emission 
analysis of diesel engine fuelled with 
water-in-diesel emulsion fuel made from 
low-grade diesel fuel. Energy Conversion 
and Management, 90, 375-382. 

[5] Hasannuddin, A. K., Wira, J. Y., Sarah, 
S., Ahmad, M. I., Aizam, S. A., Aiman, 
M. A. B., ... & Azrin, M. A. (2016). 
Durability studies of single cylinder diesel 
engine running on emulsion fuel. Energy, 
94, 557-568. 

[6] Ramlan, N. A., Yahya, W. J., Ithnin, A. 
M., Hasannuddin, A. K., Norazni, S. A., 
Mazlan, N. A., ... & Koga, T. (2016). 
Performance and emissions of light-duty 
diesel vehicle fuelled with non-surfactant 
low grade diesel emulsion compared with 
a high grade diesel in Malaysia. Energy 
Conversion and Management, 130, 192-
199. 

[7] Hasannuddin, A. K., Wira, J. Y., Sarah, 
S., Aqma, W. W. S., Hadi, A. A., 
Hirofumi, N., ... & Azrin, M. A. (2016). 
Performance, emissions and lubricant oil 
analysis of diesel engine running on 
emulsion fuel. Energy Conversion and 
Management, 117, 548-557. 

 
 
 
 
 
 

 



Mytribos Symposium 2 (2017) pp.35-37 

 
This paper was presented at The 2nd Mytribos Symposium, Faculty of Mechanical Engineering,  

Universiti Teknologi Malaysia, Skudai, Johor on 8th October 2017 
 

 
* Corresponding author: 

 tee@utem.edu.my 
 

Investigation on tribological properties of carbon nanotubes as natural oil-based 
lubricant additive 
 
Tee Boon Tuan 1,2*, Yong Kai Fang 1,2, Imran Syakir Mohamad 1,2, Chong Cheng Tung 3 
1 Faculty of Mechanical Engineering, Universiti Teknikal Malaysia Melaka, Hang Tuah Jaya, 76100 Durian 

Tunggal, Melaka, Malaysia. 
2 Centre for Advanced Research on Energy, Universiti Teknikal Malaysia Melaka, Hang Tuah Jaya, 76100 Durian 

Tunggal, Melaka, Malaysia. 
3 Faculty of Mechanical Engineering, Universiti Teknologi Malaysia, 81310 Skudai, Johor, Malaysia.  
 

KEYWORDS  ABSTRACT 
Friction 
Wear 
Natural oil-based lubricant 
Carbon nanotubes  

 Carbon nanotubes (CNT) are expected to be a good candidate among 
other nanoparticles for the lubricant additives due to their roller-like 
shape, extremely small particle size and unique mechanical properties. 
This work investigates the prospects of carbon nanotubes as additive for 
natural oil-based lubricant. The experiment is conducted to obtain the 
friction and wear characteristics by using four-ball tester set-up. The 
natural oil-based lubricants involved in this study are refined glycerin, 
crude glycerol and oleic methyl ester with 1wt% of CNT as additive. 
Based on the result for COF, the effect of 1wt% CNT as additive is less 
for oleic methyl ester. In term of the effect of CNT on wear properties, 
the reduction of wear scar diameter only occurred for crude glycerol. 

 
1. Introduction 

Global environmental awareness 
encouraged the replacement of mineral 
lubricant with renewable, sustainability, high 
biodegradability and eco-friendly lubricant [1]. 
As a matter of fact, environment friendly 
lubricants are declared to represent the 
developing trend of the lubricant industry in the 
future [2]. Palm oil based lubricant constitute as 
one of the natural oil-based lubricant has the 
potential to replace the mineral lubricant as 
alternative lubricant for industrial processes [3]. 

Previous works [4-6] has investigated the 
potential of nanoparticles as additive in 
lubricants studies. Among a variety of 
nanoparticles, carbon nanotubes (CNT) are 
expected to be a good candidate for the 
lubricant additives, considering their roller-like 
shape and remarkable mechanical properties 
[2]. The tribological properties of carbon 
nanotubes as additive to liquid lubricants were 
studied by a few research groups, but few 
studies have been made on CNT as natural oil-
based lubricant additives [2].  

The performance of lubricants is mainly 
depending on the friction and wear 

characteristic [1]. This work investigates the 
prospects of natural oil-based lubricant for 
automotive applications in contrast to the 
available conventional lubricant. The lubricant 
that is selected for this work includes refined 
glycerin (RG), crude glycerol (CG) and oleic 
methyl-ester (OME). The effects of carbon 
nanotubes as an additive for each lubricant were 
also being tested.  
 
2. Experimental Procedure 

Friction and wear test were carried out by 
using four-ball tester apparatus. This machine 
works by using four balls, three balls at the 
bottom and one ball at the top. The three-bottom 
balls are held firmly in a ball pot including the 
lubricant being examined and pressed against 
the top ball [3]. The top ball is designed to rotate 
at the desired speed while the bottom three balls 
are pushed against it [3]. The surfaces of the 
components were cleaned with acetone before 
conducting each test [2]. From this work, 
friction and wear evaluation was performed at 
40 kg loading with the speed of 1200 rpm for 60 
minutes at lubricant temperature of 75°C.  
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The tests are divided into 2 main parts. The 
first part of the tests was conducted without 
mixing the lubricants with the additive. The 
second part of the tests was conducted by 
adding the 1wt% amount of CNT which are 
from the industrial grade multiwalled CNT. 
This CNT have extremely small particle size 
with average diameter of 10-30 nm. The mixing 
process was carried out by using a 
homogenizer. Both tests were conducted based 
ASTM D-4172 B standard [7].  
 
3. Results and discussion 

3.1 Coefficient of Friction 

Figure 1 shows the results for coefficient of 
friction (COF) against time based on the tests 
using the four-ball tester. Referring to Figure 1, 
it is shown that there is a rapid increment of 
COF at the beginning of the test. The 
phenomena occur at the beginning of 
experiment is called running-in period. When 
the rolling or sliding process start, the ball 
bearing movement and the speed increment of 
sliding induced the sample lubricants become 
hydrodynamic lubricant. This will result an 
increment in film thickness and raise lubricant 
viscosity which reduce the COF until its reach 
steady state after the Running-In period [8].  

 
Figure 1: Coefficient of friction against time.  
 
 
3.2 Wear Scar Diameter 

The diameter of wear scar is measured by 
using circle method in SEM system. This 
method is conducted by locating an adjustable 
circular diameter where the wear scar should be 
fitted in the area of the circle. Based on the 
overall result as shown in Table 1, the effect of 
CNT as additive is prominent for CG.  This is 
in contrast with RG and OME, as the wear scar 
diameter is larger compare to the sample 
without the additive. 

 
 
 
 

 

Table 1: Average wear scar diameter for 
different lubricant in unit µm.  

Sample Crude 
Glycerol 

Refined 
Glycerin 

Oleic 
Methyl 
Ester 

1.0 wt% 
additive 159.49 145.5 173.53 

Without 
additive 181.58 139.59 162.51 

 
 
3. Conclusion 

Based on the result for COF, it can be 
concluded that CNT has a strong molecular 
structure and small particle size which can 
assist in reducing the friction between two 
contacting surface. However, the effect is less 
for OME sample. In term of the effect of CNT 
on wear properties, the reduction of wear scar 
diameter only occurred for CG sample. 
However, CNT is giving less effect for RG and 
OME as the wear scar diameter from the mixing 
is larger than the sample without the additive.  
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 In automotive, ball joints are important component in the suspension and 
linkage system. The ball joints are subjected to different range of load, 
rotation and frequency dependent upon driving condition. This scenario 
will inevitably induced wear phenomenon. Ultimately, the balls are 
pulled out of the socket and led to the dysfunctional of the car’s system. 
Therefore, this paper give an overview on the tribology test of the ball 
joint of suspension and linkage system specialized in evaluating wear 
phenomenon.  

 
1. Introduction 

In automotive application, the study of 
friction and wear behavior of any components 
in the suspension and linkage system are is 
necessary because of the components always 
subjected to different range of load, rotation and 
frequency, results from different conditions of 
driving like . Thus, these components must 
highly capable to resist a wear and tear over 
longer period of time. Generally, tie rod end, 
Ball joint, axial rod, track control arm and 
stabilizer link are components that responsible 
for the suspension and linkage system of the 
car’s system. One of the important component 
in that system is ball joint. The ball joint must 
be always checked once in a while to ensure the 
wear is under control. When the wear behavior 
at ball joint become worse, the clearance 
increases and caused less smooth driving. The 
worse situation is when the ball joint is pulled 
out from the socket because that led to the 
dysfunctional of the car system.  

Most automotive industry (either OEM or 
aftermarket) will perform wear test as a 
justification. There is co-relationship how much 
wear test will indicate the mileage. This study 
has been proven through R&D either in DOE, 
field test or etc. Eventually the specification has 
been decided and need to comply. For example, 
our industry is looking into the indication of 
elasticity, breakaway/Rotational torque before 
and after wear test. The setup of elasticity and 
wear tests for the ball joints are presented as in 
Figure 1 and Figure 2, respectively.  

 

 
Figure 1: Elasticity test for ball joint.  
 

 
Figure 2: Setup of wear test for ball joint.  
 

In ball joint mechanism, ball stud and 
bearing must be always in contact as shown in 
Figure 3. In the car’s suspension system, the 
ball joint is designed to freely make a 
connection from chassis to the wheel, and there 
is a normal force exerted to the bearing. The 
design of ball stud and bearing must be always 
kept in that position in order to retard both 
friction and wear phenomenon. Another 
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parameters that are necessary to take into 
consideration in ball joint are listed below: 

 
1. Ball surface roughness (Rz value) 
2. Material selection 
3. Manufacturing parameter 
4. Grease type and quantity  

Usually, the best design of ball joint must 
meet a critical criteria of capability to resist a 
wear and tear for quite longer time. However, 
there is others requirement need to be fulfill 
when designing the ball joint, which are a 
business and commercial issues. In automotive 
industry, optimizing the safety and commercial 
are also critical subjects and necessarily to take 
into account.  
 

 
Figure 3: Mechanism of outer ball joint.  
  
2. Experimental procedure 

The test sample were validated as per below 
details:  
a) Measurement of rotation breakaway torque, 

rotation steady torque and radial elasticity 
are conducted as elucidated in Figure 1 and 
Figure 4. 

b) Thermal calibration is performed at certain 
temperature and duration as shown in Figure 
5. 

c) After that, measurement of rotation 
breakaway torque, rotation steady torque 
and radial elasticity is carried out. 

d) Then, wear test is performed at a certain load 
and cycle together with the movement of 
rotational and articulation torque done 
simultaneously as presented in Figure 6.  

e) Lastly, measure rotation breakaway torque, 
rotation steady torque and radial elasticity. 

 
All results from the test like rotational break 
away torque, rotational steady state torque, 
radial elasticity, spring travel and elasticity are 
recorded and tabulated as shown in Table 1. All 
the tests are recorded at each stage of initial 
sample, after thermal calibration and lastly after 
the wear test, as shown in Figure 7. 
 

 
Figure 4: Rotational motion of test rig. 

 

 
Figure 5: Thermal calibration testing unit. 
 

 
Figure 6: A cross section of the ball joint.  
 
 
Table 1: List of data obtained from wear 
experiment of ball joint.  
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Figure 6: A result sample 

3. Conclusion 

From the wear test, it can be concluded that: 
1. Rotational/Breakaway torque must be 

achieving as requirement (before wear 
test) 

2. Radial Elasticity shall be achieving as 
requirement (before and after wear test). 
This subject is particularly notable to 
show that how much gap is allowed 
before and after wear test.  
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 Kertas ini membincangkan dan mengenalpasti masalah kos 
penyelenggaraan & pembaikan bagi jentera LPP terutama bagi mesin 
jentuai dan traktor yang meningkat akibat dari kerosakan yang sering 
berlaku apabila tiada kesedaran untuk mengamalkan langkah-langkah 
pencegahan awal kerosakan serta lebih 50%  daripada jumlah jentera 
berusia melebihi 5 tahun dan ke atas. Justeru, LPP dan PP telah 
memulakan aktiviti penyelengaraan pencegahan (Preventive 
Maintenance) dengan memasang sistem Auto Greasing berpusat pada 
jentuai padi. Bagi mencapai objektif ini, satu kaedah analisis data 
operasi jentera (perbandingan kos penyelenggaraan berbanding 
pendapatan dan usia jentera) telah dijadikan asas untuk melihat bebanan 
kos penyelenggaraan yang berlaku di PPNJ. Fasa 1, pihak LPP telah 
memasang sistem ini pada jentuai padi model Dashmesh M7000 dan 
mendapati terdapat lebih dari 60 points greasing. Dari pemerhatian 
sebelum pemasangan, terdapat banyak point-point greasing yang sukar 
diakses/dijangkau secara manual oleh mekanik. Kesimpulannya, sistem 
auto greasing berpusat ini memberi banyak manfaat dari segi penjimatan 
masa, tenaga dan juga kos. 

 
1. Pengenalan 

Berdasarkan British Standard (B.S) 3811, 
definisi penyelenggaraan adalah gabungan 
segala tindakan teknikal dan pentadbiran bagi 
mengekalkan sesuatu aset supaya boleh 
berfungsi seperti yang dikehendaki. 
Penyelenggaraan pencegahan (Preventive 
Maintenance) pula didefinisikan sebagai 
penyelenggaraan yang dilaksanakan secara 
berkala bagi mengurangkan kemungkinan 
berlaku kerosakan [1]. 

Dalam kontek Lembaga Pertubuhan 
Peladang (LPP) /Pertubuhan Peladang (PP), 
aset-aset yang memerlukan penyelenggaraan 
pencegahan adalah termasuk jentera, 
pengangkutan, mesin-mesin kilang, dan 
peralatan. Pada masa ini, bilangan jentera yang 
berada di LPP adalah seperti Jadual 1 berikut: 
 
 
  

 
Jadual 1: Senarai Bilangan Traktor & Jentuai 
Padi di LPP Seluruh Malaysia.  

Jenis Jentera Unit 

Traktor 632 
Jentuai 251 

 
2. Latar Belakang 

Lembaga Pertubuhan Peladang (LPP) 
melalui dua puluh (20) Pertubuhan Peladang 
Negeri Bhg. Jentera (PPNJ) menyediakan 
perkhidmatan mekanisasi & automasi; 
pembajakan dan penuaian tanaman padi. Pada 
tahun 2016, PPNJ telah berkhidmat kepada 
69,008 orang pelanggan (keluasan 111,221 ha). 
Manakala, pendapatan tahun 2016 ialah RM 
27.6 juta (2014-2015 : RM 63.5 juta). Dan, 
keuntungan tahun 2016 sebanyak RM 4.01 juta, 
peratus untung adalah 17% (2014-2015:16%) 
[2].  
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3. Penyata Masalah 

Mengikut data terkini, bilangan traktor 
berusia antara 5-10tahun (73%), >10tahun 
(20%). Manakala bilangan jentuai padi berusia 
antara 5-10tahun (60%) & >10tahun (30%). 
Selain itu, jumlah traktor tidak beroperasi 
(34%) dan jentuai padi tidak beroperasi (14%). 
Peratusan kos penyelenggaraan dan pembaikan 
jentuai dan traktor berbanding pendapatan 
tahunan bagi tahun 2016 (29%) dan tahun 2014-
2015(27%).   

Daripada maklumat di atas, ia  
menunjukkan kebanyakkan jentera di LPP 
berusia 5 hingga 10 tahun. Di mana purata 
jangka hayat ekonomik sesebuah jentera adalah 
antara 5-7 tahun sahaja. Jentera berusia lebih 
dari jangka hayat ini memerlukan kos yang 
tinggi untuk kerja-kerja penyelenggaraan dan 
pembaikan. Justeru, semakin tinggi bilangan 
jentera berusia, kos penyelenggaraan dan 
pembaikan jentera juga akan meningkat.  

Selain itu, faktor kurangnya pengetahuan 
dalam penyelenggaraan pencegahan di 
kalangan pengurusan PPNJ juga menjadi punca 
kos penyelenggaraan meningkat disamping 
faktor kecuaian pengendalian oleh 
operator/mekanik; kurang melakukan kerja-
kerja mengepam gris lubrikasi mengikut jadual 
yang telah ditetapkan disebabkan kerja-kerja ini 
dilakukan secara manual.  
 
3. Rumusan 

Sistem Auto Greasing berpusat ini 
menggunakan pam gris yang bekerja secara 
automatik dengan menggunakan kuasa motor 
dan boleh diatur mengikut keperluan pembuat 
jentera. Justeru, dengan adanya sistem ini ia 
dapat menjamin masa mengepam gris lebih 
tepat dengan penggunaan minyak gris yang 
optimum dan dapat mengurangkan berlakunya 
kecuaian oleh mekanik/operator.  

Setiap jentera dan peralatan yang dimiliki 
Pertubuhan Peladang Negeri Bahagian Jentera 
(PPNJ) memiliki beberapa Lubrication Point 
yang memerlukan gris untuk sistem pelinciran 
bahagian tersebut.  

Pemasangan sistem auto greasing berpusat 
ini banyak memberi manfaat.  Terdapat dua (2) 
buah syarikat yang dikenalpasti dapat 
menawarkan sistem tersebut iaitu Interlube 
Systems Malaysia Sdn Bhd dan IHI Auto-
Grease Sdn Bhd. Justeru, penyelenggaraan 
pencegahan adalah satu aktiviti berkala yang 
dilaksanakan mengikut satu tempoh tertentu 
bagi memastikan setiap jentera yang dibekalkan 
sentiasa berada dalam keadaan yang baik dan 
optimum.  

Symposium dapat mengadakan program 
atau solusi dalam memberi kesedaran 

kepentingan mengamalkan preventive 
maintenance terutama dalam bidang pertanian 
di Malaysia.  
 
Jadual 2: Jumlah Lubrication Points [3]. 

Jenis Jentera Lubrication 
Points 

Combine Harvestor Clayson 1545-S 62 

Combine Harvestor Farmaster 
Dashmesh M7000 

62 

New Holland Agriculture Tractor 
70S-66S 

10 

New Holland Tractor TD90 & TR85 24 

 

 
(a) Pandangan Sisi Kanan 

 

 
(b) Pandangan Sisi Kiri 

 
Gambarajah 1: Lubrication Point yang 
terdapat pada Jentuai Dashemsh M7000 [3].  
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 Penggunaan tenaga fosil yang membawa kepada pencemaran menjadi 
satu masalah besar kepada dunia. Sektor perindustrian dan pengankutan 
yang merupakan pennghasil utama GHG. Inovasi dalam bidang 
tribologi, hibrid, dan kajian tenaga alternatif adalah antara usaha yang 
dilakukan bagi menjimatkan penggunaan tenaga. Kertas kerja ini 
memberikan cadangan model kajian bagi melihat kepentingan inovasi 
teknologi dan polisi optimum. 

 
1. Pengenalan 

Kemajuan teknologi secara umumnya akan 
membawa kepada pembangunan ekonomi 
kerana pengeluaran produk baru dan 
peningkatan kecekapan pengeluaran. Namun 
begitu pembangunan ekonomi juga membawa 
keburukan kerana bersamanya berlaku 
peningkatan penggunaan tenaga yang akhirnya 
membawa pencemaran disebabkan oleh 
teknologi yang dihasilkan tidak mesra alam. 
Pencemaran menyebabkan berlakunya masalah 
kesihatan seperti radang kulit, dan kanser. Oleh 
itu, perlumbaan dalam menghasilkan produk 
dan proses pengeluaran yang mesra alam 
menjadi satu agenda penting kini. Tribologi 
tidak asing lagi dalam menyumbang ke arah 
usaha ini. Inovasi teknologi dan dasar kerajaan 
adalah adalah kunci penting bagi penyelesaian 
berterusan [1]. 

Rajah 1 menunjukkan bahawa pelepasan 
CO2  di negara OECD dan negara membangun, 
secara umumnya boleh dibahagikan kepada dua 
bahagian iaitu sewaktu proses penghasilan 
produk dan penggunaan. Proses penghasilan 
merujuk percemaran yang dihasilkan di 
peringkat firma. Penggunaan pula adalah 
pencemaran yang dihasilkan oleh pengguna 
barang akhir. Oleh itu, firma dan pengguna 
penghasil pencemaran dan memainkan peranan 
penting dalam usaha pengurangan pencemaran. 
Pembahagian ini memberikan gambaran 
bahawa fokus penyelesaian harus menumpu 
kepada kedua-dua pihak ini. Contohnya, 
kerajaan perlu membuat dasar yang boleh 
memberi kesan kepada kedua-dua pihak ini.   

 
Rajah 1: Pelepasan Karbon (CO2) berdasarkan 
pengeluaran dan penggunaan [2]. 
 

Di dalam bidang tribologi, Holmberg et.al 
[3] menunjukkan bahawa 33% kehilangan 
tenaga dalam pergerakan kereta adalah kerana 
geseran (rujuk Rajah 2). Penemuan baru dalam 
bidang tribologi dapat memberikan impak yang 
besar kepada pencemaran yang dihasilkan oleh 
sektor pengankutan. Apatah lagi jika 
mengambil kira sektor pengankutan 
menggunakan hampir 63% daripada 
keseluruhan penggunaan minyak dunia [4]. 
Selain daripada sektor pengankutan yang 
merupakan di peringkat pengguna, Holmberg 
et. al juga melakukan kajian di peringkat firma. 
Kajian di peringkat firma juga menunjukkan 
kemajuan tribologi boleh mengurangkan 
penghasilan GHG [5-6].  

Rajah 3 menunjukkan tren penggunaan 
tenaga di Malaysia[7]. Begitu juga di Malaysia, 
pelepasan karbon dioksida dalam sektor 
pengankutan sebanyak 41%, sektor industri 
perkilangan (39%) dan sektor pembinaan 
(14%). Peratusan ini menunjukkan sektor 
pengankutan adalah juga penyumbang utama 
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GHG di Malaysia. Sehingga kini, kerajaan 
Malaysia hanya mengambil inisiatif dengan 
pengenalan penggunaan pengankutan awam 
bertenaga eletrik dan menggalakkan kajian 
kenderaan cekap tenaga (EEV) [8]. Dasar 
inovasi tribologi tidak dimasukkan sebagai 
salah satu polisi untuk mengurangkan 
pencemaran.  

 
 

 
Rajah 2: Pembahagian penggunaan tenaga oleh 
sebuah kereta [3].  
 
 

 
Rajah 3: Pengguna Tenaga Mengikut Sektor di 
Malaysia [7].  
 
 

Tidak dapat dinafikan bahawa kemajuan 
dalam kajian tribologi merupakan salah satu 
sumbangan penting kepada penurunan 
penggunaan tenaga [9].  Namun begitu ia bukan 
pilihan tunggal, terdapat pelbagai teknologi 
alternatif seperti teknologi hibrid yang 
menyebabkan kerajaan perlu memilih teknologi 
yang paling optimum untuk diberikan insentif 
[10].  
 
 
2. Permasalahan 

Kajian masa ini hanya melihat kepada kesan 
penghasilan pencemaran dari persepektif 
teknologi dan kos secara deskriptif dan bersifat 
makro. Akibatnya, gelagat pengguna, firma dan 
kerajaan terhadap inovasi teknologi adalah 
tidak jelas. Kajian perlu meliputi aspek yang 
lebih luas supaya kesan kebajikan sebenar dapat 
dinilai.  
 
 
 
 
 

3. Cadangan 

Impak inovasi tribologi ke atas ekonomi 
perlu dikaji dari tiga aspek berikut: 

a) kesan ke atas pengguna 
b) kesan ke atas firma 
c) kesan ke atas kerajaan 

 

Model  

Kertas kerja ini mencadangkan satu model 
kajian teori berdasarkan persaingan tak 
sempurna sebagai asas kepada kajian empirik 
kemudiannya.  

Model dapat menganalisis gelagat pengguna 
yang memberikan tindakbalas yang berbeza 
berdasarkan kualiti barang dan sikap mereka 
terhadap alam sekitar [11-12]. Pilihan pengguna 
memainkan pearanan penting dalam pemilihan 
bentuk R&D telah dikaji oleh Saha [13]. Di 
samping itu, model ini juga boleh melihat 
gelagat firma dan kerajaan dalam menjaga alam 
sekitar dan membuat inovasi dan mengaplikasi 
teknologi baru.  

Wood memberikan sorotan karya yang 
lengkap tentang penggunaan teori permainan 
dalam menganalasis perubahan cuaca [14]. 
Teori permainan adalah antara kaedah terbaik 
menganalisis interaksi antara kerajaan, firma 
dan pengguna apabila masing-masing cuba 
memaksimumkan utiliti dengan mengambil 
kira kos dan keuntungan yang bakal diperolehi. 
Contohnya, adakah pengguna bersedia membeli 
kereta yang menggunakan teknologi tribologi 
hijau kerana mereka adalah pencinta alam.  

Fungsi utiliti pengguna yang merupakan 
penghasil pencemaran di peringkat penggunaan 
boleh ditafsirkan seperti berikut: 

 
! = # $ + $∗ − (

) $) + $∗) − * $$∗ +
+ + ,∗+∗ $ + +∗ + ,+ $∗ + -             (1) 

 
Dimana +  dan +∗  adalah kualiti produk yang 
diwakili oleh peningkatan dan  perbezaan antara 
produk $($∗) . Fungsi utiliti ini akan 
menghasilkan fungsi permintaan akan 
mengambil kira kesan kualiti ini seperti berikut:  
 
$ = 0 − 12 + 32∗ + 4+ + 5+∗                (2) 
 
Gelagat firma yang merupakan penghasil CO2 
semasa proses pengeluaran juga boleh di nilai 
dengan model seperti berikut: 
 
Π = 2 − 7 + 8 0 − 12 + 32∗ + 4+ +
5+∗ − 9:; + 8; − #                                  (3) 
 

Dimana #  adalah pencemaran yang 
dihasilkan dan s adalah subsidi atau denda yang 
dikenakan kerajaan (negatif 8). Persamaan ini 
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boleh menentukan gelagat firma samaada mahu 
meneruskan pencemaran atau menghasilkan 
produk yang lebih mesra alam seperti aplikasi 
teknologi tribologi baharu. Akhir sekali, 
kebajikan sesebuah negara boleh di modelkan 
seperti berikut:  
 
< = (! − $)	>$ +Π − 8;                      (4) 
 

Kerajaan perlu menanggung subsidi atau 
pun mengutip cukai. Jika kerajaan mengutip 
cukai atau denda ia akan menjadi tambahan 
kepada kebajikan dan sebaliknya jika memberi 
subsidi. Model ini juga boleh diubahsuai bagi 
melihat pilihan teknologi yang lebih optimum 
iaitu sama ada tribologi atau yang lain. 
Selanjutnya, menggunakan kaedah backward 
induction strategi optimum setiap pihak dapat 
ditentukan.  
 
 
4. Penutup 

Kajian lepas menunjukkan inovasi dalam 
tribologi telah dapat mengurangkan 
penggunaan tenaga dalam sektor perkilangan 
dan pengankutan. Namun begitu, pengurangan 
penggunaan tenaga juga boleh disumbang oleh 
inovasi dalam teknologi lain seperti teknologi 
kenderaan hibrid [15].  

Jika dilihat pada pengurangan pengunaan 
tenaga sahaja kerjaan perlu menimbang 
pelbagai aspek apabila menentukan polisi 
optimum. Oleh demikian, kertas kerja ini 
mencadangkan satu kajian yang meliputi 
gelagat pengguna, firma dan kerajaan perlu 
dijalankan bagi melihat kepelbagaian aspek ini. 

Namun, dalam pelbagai teknologi yang ada 
kepentingan kajian tribologi bukan sekadar 
pengurangan kos bahan bakar tetapi ia meliputi 
kesan pencemaran dan pemangkin inovssi 
dalam pembuatan.  
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 In this paper, an investigation on the tribological effects in the natural 
world particularly the insects is explored. This paper aims to i) explain 
tribology in the natural world, ii) explore effects of tribology in insects, 
and iii) identify potential use of tribology in insects for human benefits. 
To achieve these, biological behaviours and characters of potential 
insects having tribological effects are identified and explained.  
Extensive literature search on the following keywords (and their 
combinations) in current online databases (Science Direct, Google and 
Google Scholar) was conducted: tribology; biotribology; biomimetics; 
bioinspiration; lubrication; insects; gliding; ecdysis; moulting; 
burrowing; stridulation.  From the literatures, study on the tribological 
effects in insects have long been done by researchers.  Tribological 
events in some insects have been explained and understood. From these 
results, it can be concluded that there is numerous tribological events 
involving the nature.  Many insects’ behaviour and characters have 
tribological effects.  Some of these have been studied and understood 
and have the potential to be used for our benefit.  Many more to be 
explored. 

 
1. Introduction 

The word Tribology has its roots in the 
Greek word ‘tribo’ which means ‘rubbing’ [1].  
Every tribological investigation/study is 
focussed on friction, wear, lubrication and 
adhesion aspects [1]. There are various 
classifications in tribology namely joint, skin, 
oral, other human bodies or tissues, medical 
devices and animal tribology [2]. 

Biotribology (tribology in the biological 
systems) was first coined by Dawson in 1970, 
and has been progressing since [2].  Nature also 
exhibits numerous fascinating tribological 
events utilizing the four aspects of tribology [3].  
It has subconsciously inspired human for many 
ages in the inventions of many modern 
technology [1].  The natural systems have 
played a vital role in the development of science 
and technology since the evolution of 
civilizations.  Nature exhibits a diverse 
frictional surfaces from very low friction in case 
of lubricated systems to very high friction in 
case of adhesives and in some cases a unique 
adaptable frictional characteristics.  Other terms 

describing tribology in nature are biomimetics 
[4,5] and bioinspiration [6].  

Amongst tribology in nature that involves 
animals other than insects have been reported in 
birds [7-9], bats [9], gecko [4,10], octopus [11] 
and snake [12].  Numerous tribological events 
can also be seen in insects.  Insects’ joints, its 
integument’s contact with its surrounding 
(through flight or gliding into the air, water or 
other solid medium), moulting process, 
stridulation and piercing have tribological 
effects and are featured in this paper.  

This paper aims at i) explaining triboloy in 
the natural world, ii) exploring effects of 
tribology in insect, and iii) to identify potential 
use of tribology in insects for human benefits.  
 
2. Experimental procedure 

Literature search was conducted from 
existing online databases namely Science 
Direct, Google and Google Scholar.  The 
following keywords (and combinations of the 
keywords) are used in the search: tribology, 
biotribology, biomimetics, lubrication, friction, 
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moulting, ecdysis, piercing, stridulation, flying, 
gliding, integument, flight, resistance, insects, 
friction and adhesion.  
 
3. Results and discussion 

The natural world displays so many 
fascinating tribological events.  This can be 
seen in examples in many animals.  Migrating 
birds such as the albatross that fly extremely 
long distances have dark wing tops.  The 
temperature difference between bright and dark 
coloured top wing results into the increase in 
temperature in dark coloured wing top.  This 
reduces skin drag force over the wing [7].  
Muijres et al. [9] compared the efficiency of 
flying style in bats and birds.  They found that 
morphology, flight style and wake dynamics in 
the two animals determines the efficiency of 
their flight mode.  One flight mode may be 
efficient for one type of animal, but not the 
other.  Adhesive force in gecko’s foot has also 
been studied [4,10).  The presence of nearly five 
hundred thousand keratinous hairs or setae on 
one foot of a gecko [10] is the factor that made 
them the largest creature capable of producing 
high force of adhesion with minimum risk [4, 
10).  The octopus Octopus vulgaris inspires the 
solution for soft robotics to exert effective 
forces in unstructured environments [11].  The 
smart solution of the octopus to crawl, grasp 
and manipulate with its same limb is suitable to 
be adopted in the development for a more 
complex soft robot, which with minimum 
control, can perform diverse tasks.  Specific 
ventral surface ornamentation of The California 
King Snake Lampropeltis getula californiae 
reduces wear by having specific ventral surface 
ornamentation.  Such ornamentation reduces 
the frictional coefficient and generate 
anisotropic frictional properties, and reduce 
stick-slip vibrations during sliding [12].  

There are also numerous behaviours and 
characters in insects that portrays tribological 
events.  This can be seen from the extremely 
high abundance and diversity of insects in the 
natural world.  We identify four (4) main 
characters in insects that can be linked to 
tribology:  
 
3.1 Joint 

Joints in some insect species have been 
found to have friction minimization effects 
[13,14).  The hind legs of orthopteran insects 
(e.g. grasshoppers, crickets, and katydids) are 
highly specialized for jumping.  Surfaces and 
textures of the hind femur-tibia joint of katydids 
(Figure 1) are unique with friction coefficient at 
its coupling surface of 0.053 + 0.001.   
Synergistic interaction between the hierarchical 

surface texture/pattern on the femoral surfaces, 
nanograded internal nanostructure of the 
articulating joints, and the presence of 
lubricating lipids make the joints free from any 
signs of wear or damage [14].  

 
Figure 1: Katydid insect.  

In Pachnoda marginata and Geotrupes 
stercorarius beetles on the other hand, high 
stiffness of the joint material and 
hydrophobicity of the joint surface are the two 
factors that lead to the minimized friction in the 
joints [13].  

3.2 Exoskeleton contact with surrounding 

Insect’s external skin or its exoskeleton are 
continuously in contact with its surrounding.  
This surrounding can be the air [15], water [16] 
or soil (or wood in the case of wood living 
insects).  Cooper et al. [17] studied the 
protective layer of the external skin of the 
American cockroach Periplaneta americana.  
Wax produced by the roach has lubrication 
properties that forms thin films and can repel 
dust (self-cleaning).  Superhydrophobic 
surfaces in insects particularly in ones that live 
in the water retain air film and ultimately lowers 
friction [16].  

3.3 Integumentary change 

Insects undergo several moulting processes 
in their lives in order to grow.  Majority of them 
also make their way out from their pupae or 
cocoon into adulthood.  Presence of moulting 
fluid [18-20) has been reported in assisting the 
process.  

3.4 Other body parts with its surrounding 

Insects use hairy or smooth adhesive pads to 
stick to almost all known surfaces [21,22,).  
Contact between these adhesive pads and the 
surface substrate is mediated via nanometre-
thin films of adhesive fluid [21,22].  Heel pads 
(euplantulae) in many stick insects and 
mantophasmids on the other hand functions 
differently though.  Adhesion mechanism does 
not occur in Euplantulae [23].  Triangular 
sawtooth microstructures in the mouth fascicle 
of mosquitoes and cicadas have been 
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manipulated in the invention of bionic drag 
painless needles [24].  The non-smooth surface 
structure of the mosquitoes’ and cicadas’ 
fascicle with obvious principles of drag 
reduction effect were adopted in the needles’ 
design.  Bionic needle surface’s microstructure 
reduces needles’ contact area, form rolling, 
friction and thus resistance to needle piercing.  

In short, there are so many tribological 
events in nature, particularly in insects that can 
be manipulated, applied and benefitted for our 
daily lives.  Friction reduction that prevents 
wear and damage, increase of joint efficiency, 
enhancement of adhesion mechanism, smart 
solutions in solving multitasking, self-cleaning, 
and pain reduction in needle piercing are some 
tribological events in insects that have 
revolutionized the well-being of human.  They 
are still many more tribological features in 
insects that are open for discovery.  

 
4. Conclusion 

In conclusion, there are numerous 
fascinating tribological events that exist in 
nature.  There are many characters and 
behaviours in insects that involve tribology.  All 
these natural tribological events, particularly in 
insects can further be studied and adopted in our 
lives to improve and enhance the quality of our 
daily lives.  
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 In this paper, innovative analysis method on sliding phenomena is 
introduced. Dynamic data such as friction force collected as the function 
of the number of repeated sliding and sliding position are mapped on a 
spatiotemporal plane to grasp the phenomena intuitively. Further 
utilization of collected data for advanced analysis is also discussed. 

 
1. Introduction 

One of the biggest obstacles to elucidate 
sliding phenomena has been a difficulty in 
observation. Sliding phenomena are dynamic, 
originated at small real contact area, complex 
and taking place in interface between 2 sliding 
objects. These disadvantageous conditions 
have disallowed the direct observation on 
sliding phenomena utilizing light sources, 
electron and other probes except for some 
special cases. In early 1990’s, innovative 
technique to visualize sliding phenomena [1-3] 
was proposed. The technique uses dynamic 
data such as friction force, specimen 
displacement, electro-conductivity between 
specimens, etc. A spatiotemporal mapping 
analysis of the obtained data, which is also 
known as “tribo-scopy” [2], enables direct 
observation and intuitive understanding of the 
the phenomena and their temporal changes. In 
this article, principles, effectiveness and 
evolution of the spatiotemporal mapping 
analysis applied for a pin-on-disk tribo-tester 
are introduced.   
 
2. Spatiotemporal mapping 

Figure 1 shows the schematic drawing of a 
pin-on-disk tribo-tester which is designed to 
realize the spatiotemporal mapping analysis of 
tribological data. “TriboMaster”, which is a 
software developed originally in our laboratory, 
collects the dynamic data synchronously with 

clock signals from a rotary encoder which is 
equipped on the rotating shaft for driving disk 
specimen. With this mechanism, the dynamic 
data can be collected as the functions of the 
number of repeated sliding and sliding position, 
and then mapped on the spatiotemporal plane, 
which has 2 axes; vertical one for the number 
of repeated sliding and, horizontal one for the 
position on the disk as shown in Figure 2. The 
spatiotemporal map shows distribution of 
friction force on the sliding track of the disk 
and changes of the distribution due to repeated 
sliding. A researcher can observe how friction 
force increased in the initial period of sliding  

 

 
 

Figure 1: Advanced pin-on-disk tribo-tester 
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Figure 2: Spatiotemporal map of friction force 
and where and when the friction force reduced 
suddenly. The information provided by the 
spatiotemporal mapping is effective to 
establish a physical model which can explain 
complex adhesive wear mechanisms [4]. 

 
 

3. Combinational analysis of multiple kinds 
of dynamic data 

The merit to collect dynamic data as the 
function of the number of repeated sliding and 
sliding position is not limited to the mapping 
analysis of the data but extended to 
combinational cross statistical analysis of 
multiple kinds of data [5]. The concept of 
synchronized data collection for multiple kinds 
of data is shown in Figure 3. Dynamic data A, 
B and C are collected synchronously and 
recorded by the TriboMaster successively as 
the data set, which includes data A(n, ϕn), B(n, 
ϕn) and C(n, ϕn) collected at an identical 
number of repeated sliding n, and a sliding 
position  ϕn.  The collected data sets are 
provided for objective compilation and 
combinational cross statistical analysis 
between multiple kinds of data. Figure 4 shows 
the example of the combinational analysis 
between friction force converted into 
coefficient of friction and pin displacement 
differential. In Figure 4, slope effect, which is 
equivalent to tan(θ), on the coefficient of 
friction as one of components which consist 
friction force is clearly shown for the typical 
abrasive wear. As shown in this example, data 
for the cross statistical analysis needs not to be 
original data and differential and integrated 
data are able to be employed for the analysis. 
The combinational cross statistical analysis is 
effective to analyze time dependent 
phenomena represented by a severe-mild wear 
transition which is frequently observed in dry 
sliding [6]. 

 

 
 
Figure 3: Synchronized multiple kinds of data 

collection [5] 
 
 

 

 
 

Figure 4: Combinational cross statistical 
analysis of coefficient of friction and 
pin displacement differential [5] 

 
4. Conclusion 

Spatiotemporal mapping analysis and its 
application for combinational cross statistical 
analysis are introduced. It is expected for the 
analyses technique to be widely used in 
various tribological problem solving.  

µ(n, ϕn) 
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 The present paper review a lubrication condition metal forming process 
like forging, extrusion, deep drawing and rolling. The lubricant film at 
tool-workpiece interface must able to sustain inconsistencies of 
temperature, pressure and velocity, so that a product with desired surface 
finish could be deformed. Meanwhile, vegetable oil has a great potential 
to replace the current used of petroleum-based lubricant. However, 
limitations of vegetable oil need to overcome first before could find 
application at industrial scale.  

 
1. Introduction 

The process of metal forming encompasses 
of forging, extrusion, deep drawing, rolling and 
sheet metal forming, are performed under either 
hot environment or cold environment. During 
the forming work, lubricant plays a vital role in 
reducing friction at the tool-workpiece interface 
because of it directly affects tool wear rate, 
surface quality of the product, metal flow and 
energy consumption. Generally, low friction 
coefficient is beneficial to the manufacturer in 
term of reduction in forming load, power 
consumption and energy loss. From the 
environmental point of view, friction reduction 
would be possible to save fuel energy that has 
been used to overcome friction and emission of 
carbon dioxide. According to Holmberg and 
Erdemir [1], about 15-25% of total energy 
consumption worldwide was used to reduce 
friction in mechanical system and about 7000 
tonnes of carbon dioxide has been emitted to the 
environment.   
 
2. Lubrication condition in metal forming 

In forging process, metal is forged or 
pressed under great pressure and temperature. 
For this condition, the lubrication used must 
able to sustain continuous changing of pressure-
temperature-velocity combination along the 
process. Temperature is very critical issue as in 
even cold forging work, the working 
temperature can reach 100°C-200°C. If 
lubrication failed to reduce friction and serve as 

thermal barrier at interface, disproportionate 
metal flow and heat distribution may trigger 
defects like exterior or internal cracking and 
cavitation failure especially at sharp corner and 
deep cavity.  

In extrusion, a bulk metal of workpiece is 
forced to flow through a die of small cross 
section area, forming an extruded part. 
Extrusion process involved high level of 
working pressure, resulting from the summation 
of pressure required for the deformation of 
metal and hydrostatic pressure due to friction of 
sliding contact. And the variation of pressure 
occurred along the contact surface. If 
lubrication film breaks down during extrusion 
work, high friction condition may induce the 
formation of dead zone, an area where 
deformation does not occurred, which led to 
severe distortion at the corner. Besides that, 
addition of lubricant on the billet’s surface is to 
avoid sticking to the surface of die and assist in 
removing of deformed metal from die [2]. 

 Deep drawing process is performed to 
produce a part with light weight, low density 
and high strength properties. These requirement 
led to the high occurrence of wrinkling, a wave 
formation on the surface of drawn metal. 
Development of a right film thickness is a 
critical task need to be achieve because it 
directly affects strain distribution, thickness 
distribution and eventually surface quality of 
drawn metal. The lubrication condition must be 
effectively separated the surfaces of punch and 
sheet metal throughout the process. This is 
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because a uniform strain distribution and 
reduction in value are obtained in the full film 
lubrication regime [3, 4]. Friction increments 
would instantaneously induced wrinkling and 
fracture.  

Lastly, the process of reducing thickness of 
metal sheet is called rolling. Viscosity of 
lubricant has a significant effect on the 
efficiency of rolling process. A thick lubrication 
film as a result of high viscous fluid in not 
desired in this metal work because it generates 
poor surface roughness. Meanwhile, a low 
viscous lubricant does not help in rolling 
process and provoke large coefficient of friction 
and power consumption. However, viscosity of 
lubricant is always changing during rolling 
process due to the uncontrollable of temperature 
variation at each rolling mills [5]. Thus, 
optimum viscosity of the lubricant must be 
choose properly to avoid material defects like 
internal crack, edge crack, centre crack and 
wavy edges. In the worst case, the sheet metal 
is split into two during rolling work and moving 
in the opposite direction relative to the mill. 
This phenomenon is called as an alligatoring.  
 
3. Vegetable oil as forming lubricant 

For a certain deformed metal, the used 
lubricant is desired to adhere on the metal 
surface in order to avoid rusting taking place 
before handling to the user. Thus, the lubricant 
must be non-toxic, non-hazardous and 
environmental friendly to humans. And 
vegetable oil seems to meet those requirement 
because of (i) vegetable oil is from a natural 
source (ii) vegetable oil has strong adhesion to 
the metal surface attributed to the uniqueness of 
fatty acid structure. In another requirement of 
removing lubricant from the metal surface, 
vegetable oils is easy to clean and disposal and 
also does not need any special chemical or 
treatment for the process in comparison with 
mineral-based oil. Therefore, vegetable oil is 
highly potential to be used as a forming 
lubricant.  

Besides that, due to the increasing 
awareness towards declining of the Earth’s 
finite resources and environment’s health, a 
development of vegetable oil as biolubricant 
become a favourable approach when 
implementing a clean forming process. In fact, 
the application of vegetable oil as lubricant at 
industrial application is not relatively new. 
Back then, vegetable oil such as coconut oil, 
rapeseed oil, olive oil and palm oil have been 
extensively used during Industrial Revolution, 
between 1750 and 1850 [6]. However, the used 
of vegetable oils started to gradually dwindle 
after first publicizing of distillation process of 
mineral oil in 1812, in Parague. Since that, the 

industrial lubricant is mostly produced from 
mineral oil-based.  

The extensive use of vegetable oils is 
restricted due to the inefficient performance at 
low temperature, low hydrolytic and poor 
oxidation stability. To overcome these 
limitations, chemist and tribologist are keen to 
modify chemical structure of the vegetable oil, 
by introducing a more stable functional group at 
the carbon chain of fatty acid [7]. This could be 
accomplished by chemical modification of 
natural vegetable oil or addition of additive. The 
example of chemical modification process are 
esterification / transesterification, epoxidation, 
hydrogenation or oligomerisation. Meanwhile, 
viscosity modifier or viscosity index improver, 
antioxidant, dispersant, pour point depressant, 
antiwear, extreme pressure additive and 
corrosion inhibitors are example of chemical 
additives blended with vegetable oils.  
 
4. Conclusion 

Form the discussion, it can be conclude that 
different metal forming process require 
different lubrication condition. And physical 
properties of lubricant used in are different 
according to the lubrication condition of 
forming process and their environment. These 
properties are need to be determined first before 
modifying chemical structure of the vegetable 
oil.  
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