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Abstract: Mechanical systems are always deal with wear and friction as the liability. The basic
principle of the mechanical system is the surface interaction between surfaces which have a frictional
force resulting in fatigue and damage to the mechanical components. Lubricant is used to minimize
friction in order to solve the problem. A comparative friction characteristic analysis was then
conducted to assess the coefficient of friction (COF) between Aluminum Alloy 5083 block and SKD
11 disk using two types of lubricant, that is SAE40 engine oil and RBD palm oil. The thickness of
the oil film could be predicted in order to observe the influence of the different lubricants used. Pit
pattern surface is required to research the function of the pit as a lubricant reservoir. The experiment
was carried out in the laboratory according to the ASTM G99. Load is applied to experiments with
loads of 1 kg, 5 kg and 10 kg, in order to find a COF correlation under different application condition.
The rotational speed is held constant at 3m/s during the experiment. The results obtained revealed
that when using RBD palm oil as a lubricant, the COF between block and disk is lower than when
using SAE40 engine oil as a lubricant. The experimental result showed that RBD palm oil can
minimize friction much lower than SAE40 engine oil. Based on the results of the comparison analysis
on the flat surface and pit pattern surface, the finding revealed that the pit pattern may serve as a
lubricant reservoir to retain and store the lubricant for longer than the flat surface that helps to reduce

friction.
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1. Introduction

Wear and friction are rivals of the mechanical system
since they are capable of degrading the efficiency of the
machine and the process. It can be difficult to avoid wear
and friction, but it can be reduced by using a lubricant.
Previous research was conducted on a factor of
investigation that could exploit wear and friction such as,
load Y, speed 2, lubricant ¥, temperature ¥, surface
roughness % and material ©, that influences the production
of wear and friction. However, this research focuses on the
load, speed and lubricant that could aid in the study of
friction characteristics.

Pin on disk is one of the tribotester machine that been
widely used in order to study the tribology performance of
lubricant sample. For the pin-on-disk wear test, two
specimens are needed, which are a pin with a radius tip
and a flat circular disk, which will have a circular sliding
path as shown in Figure 1. The specimen pin is pressed
against the disk at the required load and speed ”. Lubricant
is applied to the disk at the initial stage of the experiment
for the purpose of minimizing wear and friction. Most of
the disk is designed to be groove, where the lubricant is

been trapped on the disk surface to increase the efficiency
of the test. Wear and friction data measurements could be
collected and reported using a Linear Voltage Differential
Transformer (LVDT) sensor.

Pin, or ball diameter. d

Wear track radius, R
Normal force on the pin, F

® Disk diameter, D

Rotation velocity, w

Figure. 1: Schematic of pin on disk wear test system

The stability of the coefficient of friction of palm olein
has shown that palm olein has the ability to stabilize and
reduce the coefficient of friction by creating a lubricating
film that can be quickly sheared. This was demonstrated
by M.1.1zhan ®, which analyzed palm oil, hydraulic oil and
paraffin mineral oil, and the results found that palm oil had
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the lowest friction coefficient, followed by hydraulic oil
and paraffin mineral oil. Palm oil also produced lower
wear on the surface of the pin at both low and high speeds.
Palm olein also has the potential to minimize wear due to
a higher proportion of long chain saturated fatty acids,
resulting in lower cold flow behavior.

N.Sapawee % supported the findings obtained from A.K.

Mohamed Rafig @ and M. I.1zhan ® when tested on palm
olein, hydraulic olein and paraffin mineral oil and found
that palm olein has improved anti-friction properties
compare to other lubricants. However, palm olein has
shown the highest wear compared to other lubricants due
to the high temperature produced at the interface, which
also influences the wear dominated by the pin. Besides
that, H.H Masjuki ® also has shown that palm oil has
better wear efficiency relative to the coefficient of friction.
This is due to the concept of palm oil contains fatty acids
that typically have thicker molecular layers. In general,
this properties has gain an benefit as this thick layer may
reduce the rate of wear.

Palm olein is use as to promoting the use of bio
lubricant to replace commercial mineral oil 122, Besides
that, from the previous study, palm olein also has the
potential to be use as a commercial lubricant. Due to that,
this research paper is aimed to the coefficient of friction
between the sliding body of an AA5083 Aluminium alloy
block 30 x 10 mm and SKD 11 disk at different loads
applied, to predict film thickness based on worn surface
and to observe effect of friction on flat and pit pattern
surfaces.

2. Methodology

2.1 Materials and Lubricants

There are two categories of surfaces used in this
analysis that are flat surface and pit pattern surfaces as
shown in Figure 2. Flat surface is a surface that was
originally used from a specimen without any adjustment
made on the surface, while for the pit pattern surface, pit
markings were made on the flat surface to allow the
lubrication to be maintained throughout the experiment.
Materials used are block surface for stationary flat surface
and disk for rotating disk. Flat surface material is a 5083
aluminum alloy and the disk used is an SKD11 material.
Table 1 shows the Ilubricant sample and its
physicochemical properties.

Table 1: Lubricant kinematic viscosity and density

Kinematic Viscosity

Sample Density
(mm?/s) @40°C
Palm olein 35.36 0.91
SAE40 Engine
128.8 0.8971

oil

2.2 Experimental parameters and procedures
Tribology tester machines are used according to
ASTM-G99 for this research. Table 2 shows the controlled
variable test parameter for this analysis. In order to
study the performance of the sample lubricant, 3 low
variable load is been used (10N, 50N and 100N) as to
observe of the sample surface under different application.

Table 2. Experimental parameters

Surface Lubricant Load (N)
10
SAE40
(Engine oil) 50
ngine oi
g 100
Plain surface
10
Palm Oil 50
100
10
SAE40 (Engine
) 50
oil)
Pit pattern 100
surface 10
Palm Oil 50
100

Pin on disk machine is a laboratory device used to
measure friction and wear properties. The pin on the disk
tester consists of a spinning disk of the materials to be
measured against a stationary pin. Figure 3 shows the
schematic diagram for the pin on disc machine. The two
surfaces of the specimen, which are flat surfaces and pit
pattern surfaces, which have been produced using a
marking machine in the hope that it can serve as a
lubricant reservoir, are used. Measure the specimen (both
the plain and pit pattern surface) weight prior to the
experiment. The machine is continuously set for a period
of 60 minutes at a speed of 919 rpm = 3 m/s (constant
variable).

Pit pattern
surface

Plain surface

Figure. 2: Specimen used for the study.
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Nozzle for

lubricant

supply 11
Disk

Figure. 3: Schematic diagram of pin on disk mechanism
system.

3. Result and Discussion

3.1 Coefficient of Friction (COF) Analysis

Asiillustrated in Figure 4, SAE40 engine oil as lubricant
showed decreasing trend of COF between specimen and
disk over increasing load, while the RBD palm olein as
luncricant showing the opposite trend. For flat surface,
results showed that COF when using RBD palm olein is
63% lower than the SAE40 engine oil for 1 kg load. The
percentage difference is getting decrease as the load
increase, as 5 kg load has recorded about 49% and 10 kg
load is about 26% of COF when using RBD palm olein
is lower than using the SAE40 engine oil as lubricant. The
differences between lubricant used for pit pattern surface
is illustrated as in Figure 4.

0.045
0.04

0.035

={==5AE40 ENGINE OIL (Flat
Surface)

0.03

5 0.023 =r=S5AE40 ENGINE OIL [Pit
< 002 Pattern Surface)

0.015 == ==RBD PALM OLEIN (Flat

ool Surface)
=='r=RBD PALM OLEIN (Pit
0.005 Pattern Surface)
4]
o 2 4 6 8 10
LOAD (kg)
Figure. 4: COF versus load for two different surfaces and
lubricants.

It is apparent that SAE40 engine oil as a lubricant
displayed a higher COF compare to RBD palm olein.
The maximum COF of the specimen and disk when using
SAE40 engine oil was approximately 0.035, whereas only
around 0.010 was reported for the same variable RBD
palm olein test. The percentage difference for the COF
value decreases as the load increases, continuing the flat
surface pattern. As an overview, COF when using RBD
palm oil is lower than COF when using SAE40 engine oil
at around 66 % for 1 kg load, followed by 42 % for 5 kg
load and 22 %for 10 kg load.

Flat surface has a higher COF value compared to the pit
pattern surface. The reasons for this finding may be
explained by the tendency of the pit to maintain the
lubricant for a longer period of time relative to the flat
surface that quickly sheared the lubricant. For SAE40
engine oil sample, we can see that the COF is decreasing,

as the load is increase. The reason for this is that the
additives used in the engine oil are capable of reducing
COF even when the load is growing 32, This proves that
SAE40 engine oil is suitable for higher loads where less
friction occurs relative to higher loads.

The connection between the declining trend of SAE40
engine oil and the rising trend of RBD palm olein overload
is interesting because it reflects the Stribeck curve. This
study shows that SAE40 engine oil is estimated on
elastohydrodynamic lubrication and mixed lubrication as
its oil film thickness is approached evenly with the surface
roughness. In the other hand, RBD palm oleinis in
hydrodynamic lubrication as its increasing pattern is the
same and the explanation is that the oil film thickness of
RBD palm oleinis greater than the surface roughness
between the specimen and the disk. This is verified by the
N. Sapawee research, which shows that palm olein can
stabilize and reduce the coefficient of friction by creating
a lubricating film that can be quickly sheared 9.

Pit pattern surface has often had a lower COF as
compared with a flat surface due to the ability to contain
lubricant. For the RBD palm olein we can see that, as load
increase, COF also increased. Asadauskas *» has shown
that although vegetable-based lubricant is a possible
lubricant, its main drawback is its limited range of
available viscosities. In addition, RBD palm olein used in
the study is with no additives at all, compared to the SAE40
engine oil that already have been processed with the
additives in order to enhance the stability of the lubricant.
The increase in COF in RBD palm oil is therefore due to
oxidation caused by the fatty acids present in vegetable oils
which cause a high chemical reaction on the metal surface
and therefore oxidize the lube oil 2419, Masjuki *? clarified
that the rise in COF is due to the contribution of corrosive
wear, because the vegetable palm oil contains palmitic and
free fatty acids in its structure, which could induce
corrosion of the mating surfaces. He also reveals that
another possible interpretation is due to lower boundary
effect and/or breakdown of boundary lubrication due to the
lower viscosity of palm oil 12 19),

3.2 Surface Roughness Profile and CCD images

From Figure 5, as the load increases, the surface
roughness of the specimen using SAE40 engine oil as a
lubricant is lower, this may due to SAE40 engine oil has
smaller film thickness compared to the RBD palm olein.
At early stage, when using RBD palm olein as a lubricant,
the surface roughness is lower compared to SAE40 engine
oil as a lubricant. As the load is increasing to 10kg, both
flat and pit pattern surface showed that SAE40 engine oil
has the lesser roughness of the specimen than the RBD
palm olein.
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0.4 =—(==SAE40 Engine il (Flat
Surface)

=lr=SAE40 Engine Oil {Pit
Pattern Surface)

=={==RBD Palm Olein (Flat
Surface)

Roughness (micronmeter)
o
w

==w=RBD Palm Olein (Pit
Pattern Surface)

0 2 4 6 8 10
LOAD (kg)

Figure. 5: Roughness measurement for two different
surfaces and lubricants.

Friction is a direct influence of roughness, since when
we describe friction, it is simply explained that friction is
the force applied as contact surface moves in a particular
direction that could affect surfaces. But, RBD palm
olein lubricant has shown that the roughness of the
specimen increases as the load increases. This is may due
to the larger film thickness characteristic that carried by
RBD palm olein 1" ®_ Figure 6 shows the specimen

observation of flat and pit specimen after test.

SAE40 Engine Oil (Flat
Surface), 1kg load

SAE40 Engine O1l (Flat
Surface), Skg load

SAE40 Engine O1l (Flat
Surface), 10kg load

SAE40 Engine O1l (Pit
Pattern Surface), 1kg
load

SAE40 Engine O1l (P1t
Pattern Surface), Skg
load

SAE40 Engine Oil (Pit
Pattern Surface), 10kg
load

RBD Palm Olein (Flat
Surface), 1kg load

RBD Palm Olein (Elat
Surface), Skg load

RBD Palm Olein (Flat
Surface), 10kg load

RED Palm Olem (Pit

Pattern Surface), 1kg
load

RBD Palm Olem (Pit

Pattern Surface), Skg
load

RED Palm Olem (Pit
Pattern Surface), 10kg

load

Figure. 6. Low specification images

On the other hand, the second reason that may be
discussed is the additional additive, where, SAE40 engine
oil is a lubricant that has undergone a treatment procedure

that is applied to the durable output additives '*2%. That is
the reason, when compared to the RBD palm olein, which
is naturally raw form the palm tree with no additives
added, the results showed that the roughness different
between the lubricants could be impressed for RBD palm
olein 29, RBD palm oil could not be sustained for higher
loads as well as SAE40 engine oil, although this could be
reduced by using an additive to achieve improved
properties 2229,

Conclusion

The friction characteristic was studied in order to
calculate the COF between Aluminum Alloy block and
SKD11 disk using SAE40 engine oil and RBD palm olein
as lubricants at various loads and constant rotational speed.
The results showed that the COF between the specimen
and the disk was always lower when RBD palm olein is
being used as a lubricant than when SAE40 engine oil.
However, when it came to the impacts of load on COF,
SAEA40 engine oil still showed a decreasing trending of
COF hetween surfaces as load increased, while RBD palm
olein showed the opposite trend. According to the COF
outcome, the COF between SKD11 rotating disk and
Aluminum Alloy 5083 block specimen with the assistance
of palm oil as lubricant was 64.5% lower for 1 kg load.
SAEA40 engine oil, 45.5% lower than SAE40 engine oil for
5 kg load and 24% lower than SAE40 engine oil for 10 kg
load, but when more than 6 kg of load is applied in the
experiment, the performance of the RBD palm olein
degrades. In other words, for low load (1 to 6 kg), RBD
palm olein with no additive is the best lubricant to use,
while for loads greater than 6kg, SAE40 engine oil may
be preferable. Following the completion of the experiment,
the film thickness for each lubricant was determined.
Based on COF trending findings, a firm conclusion has
been reached: the film thickness for RBD palm olein has
always been larger than that of SAE40 engine oil. At the
end of the research, the effect of friction on micro pit has
been found. SAE40 engine oil is in the region of
elastohydrodynamic lubrication and mixed lubrication,
while RBD palm olein is in the region of hydrodynamic
lubrication. Since pit patterns may carry lubricant and act
as reservoirs, they may help in friction reduction.
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Nomenclature

ASTM  American Society for Testing and Materials
LVDT linear voltage differential transformer
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COF Coefficient of Friction
RBD Refine Bleached and deodorized
SAE Society of Automotive Engineers
References
1) Syahrullail, S., Hariz, M. A. M., Hamid, M. A,, &

2)

3)

4)

5)

6)

7)

8)

9)

10)

11)

12)

Bakar, A. A. (2013). Friction characteristic of mineral
oil containing palm fatty acid distillate using four ball
tribo-tester. Procedia Engineering, 68, 166-171.
Amiril, S. A. S., Rahim, E. A., Embong, Z.,, &
Syahrullail, S. (2018). Tribological investigations on
the application of oil-miscible ionic liquids additives
in modified  Jatropha-based metalworking
fluid. Tribology International, 120, 520-534.

H.H. Masjuki, M.A. Maleque, A. Kubo, T. Nonaka,
Palm oil and mineral oil based lubricants—their
tribological andemission performance, Tribology
International 32 (1999) 305-314

Rahul Premachandran Nair, Drew Griffin and
Nicholas X. Randall. The use of the pin-on-disk
tribology test method to study three unique industrial
applications, Wear 267 (2009) 823-827.

Terumasa Hisakadi, Kentarou Miyazaki, Akiyoshi
Kameta, Satoru Negishi. Effects of surface roughness
of roll metal pins on their friction and wear
characteristics. Wear 239 (2000) 69-76.

Golshokouh, 1., Syahrullail, S., Ani, F. N., & Masjuki,
H. H. (2014). Investigation of Palm Fatty Acid
Distillate Oil as an Alternative to Petrochemical
Based Lubricant. Journal of Qil Palm Research, 26(1),
25-36.

Standard, A. S. T. M. "G99-05, 2010,"." Standard Test
Method for Wear Testing with a Pin-on-Disk
Apparatus,” ASTM International, West
Conshohocken, PA (2010).

Hafis, S. M., Ridzuan, M. J. M., Farahana, R. N,
Ayob, A., & Syahrullail, S. (2013). Paraffinic mineral
oil lubrication for cold forward extrusion: Effect of
lubricant  quantity and  friction.  Tribology
International, 60, 111-115.

Sapawe, N., Samion, S., Zulhanafi, P., Nor Azwadi,
C. S., & Hanafi, M. F. (2016). Effect of addition of
tertiary-butyl hydroquinone into palm oil to reduce
wear and friction using four-ball
tribotester. Tribology Transactions, 59(5), 883-888.
Syahrullail, S., M. 1. Izhan, and AK Mohammed
Rafig. Tribological investigation of RBD palm olein
in different sliding speeds using pin-on-disk
tribotester. ~ Scientia  Iranica. Transaction B,
Mechanical Engineering 21.1 (2014) 162.
Asadauskas, Svajus, Joseph H. Perez, and J. Larry
Duda. Lubrication properties of castor oil--potential
basestock for biodegradable lubricants. Tribology &
Lubrication Technology 53.12 (1997): 35.

Razak, D. M., Syahrullail, S., Sapawe, N., Azli, Y., &
Nuraliza, N. (2015). Anew approach using palm olein,

13)

14)

15)

16)

17)

18)

19)

20)

21)

22)

- 308 -

palm kernel oil, and palm fatty acid distillate as
alternative biolubricants: improving tribology in
metal-on-metal contact. Tribology Transactions,
58(3), 511-517.

Golshokouh, 1., Syahrullail, S., Ani, F. N., & Masjuki,
H. H. (2014). Investigation of Palm Fatty Acid
Distillate Oil as an Alternative to Petrochemical
Based Lubricant. Journal of Oil Palm Research, 26(1),
25-36.

Hassan, M., Ani, F. N., & Syahrullail, S. (2016).
Tribological performance of refined, bleached and
deodorised palm olein blends bio-lubricants. Journal
of Oil Palm Research, 28(4), 510-519.

Jabal, M. H., Ani, F. N., & Syahrullail, S. (2014). The
tribological characteristic of the blends of Rbd palm
olein with mineral oil using four-ball tribotester.
Jurnal Teknologi, 69(6).

Kiu, S. S. K., Yusup, S., Soon, C. V., Arpin, T,
Samion, S., & Kamil, R. N. M. (2017). Tribological
investigation of graphene as lubricant additive in
vegetable oil. Journal of Physical Science, 28, 257.
Bari, S., Lim, T. H., & Yu, C. W. (2002). Effects of
preheating of crude palm oil (CPO) on injection
system, performance and emission of a diesel engine.
Renewable Energy, 27(3), 339-351.
http://doi.org/10.1016/S0960-1481(02)00010-1
Rizky, R., & Tokumasu, T. (2020). Assessing hBN
Nanoparticles  Stability in  Trimethylolpropane
Triester Based Biolubricants Using Molecular
Dynamic Simulation. Evergreen, 7(2), 234-239.
Dwivedi, P., Maurya, M., Maurya, K., Srivastava, K.,
Sharma, S., & Saxena, A. (2020). Utilization of
Groundnut Shell as Reinforcement in Development
of Aluminum Based Composite to Reduce
Environment Pollution: a review. Evergreen, 7(1),
15-25.

Egiza, M., Naragino, H., Tominaga, A., Murasawa, K.,
Gonda, H., Sakurai, M., & Yoshitake, T. (2016). Si
and Cr Doping Effects on Growth and Mechanical
Properties of Ultrananocrystalline Diamond/Amor-
phous Carbon Composite Films Deposited on
Cemented Carbide Substrates by Coaxial Arc Plasma
Deposition. Evergreen: joint journal of Novel Carbon
Resource Sciences & Green Asia Strategy, 3(1), 32-
36.

Naragino, H., Egiza, M., Tominaga, A., Murasawa, K.,
Gonda, H., Sakurai, M., & Yoshitake, T. (2016).
Fabrication of ultrananocrystalline
diamond/nonhydrogenated ~ amorphous  carbon
composite films for hard coating by coaxial arc
plasma deposition. EVERGREEN Joint Journal of
Novel Carbon Resource Sciences & Green Asia
Strategy, 3, 1

Aiman, Y., Azhar, S. M., Ummikalsom, A., & Kameil,
A. H. (2019). TRIBOLOGICAL EFFECT OF PALM
STERIN AND ENGINE OIL (CMEO) ON PURE
ALUMINIUM PIN STEEL DISC WITH VARIES



EVERGREEN Joint Journal of Novel Carbon Resource Sciences & Green Asia Strategy, Vol. 08, Issue 02, pp304-309, June 2021

SPEED AND CONSTANT  LOAD. Jurnal
Teknologi, 81(6).

23) Farhanah, A.N., Syahrullail, S. and Sapawe, N., 2015.
Tribological performance of raw and chemically
modified RBD palm kernel. In Proceedings of
Malaysian International Tribology Conference 2015,
207-208.

24) Mate, C. M., & Carpick, R. W. (2019). Tribology on
the small scale: a modern textbook on friction,
lubrication, and wear. Oxford University Press, USA.

25) Levchenko, V. A., Buyanovskii, I. A., Bol’shakov, A.
N., & Matveenko, V. N. (2019). Green Tribology:
Orientation Properties of Diamond-Like Carbon
Coatings of Friction Units in Lubricating Media.
Russian Journal of Applied Chemistry, 92(12), 1603-
1615.

- 309 -





