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A B S T R A C T 

 

Green technology policies and other environmental legislations have 
driven researchers to channel their attention into bio-based lubricants. In 
the current study, the performance of the bio-based lubricant, palm mid 
olein (PMO), in journal bearing applications was examined. A 
comprehensive journal bearing test rig was used to evaluate the 
tribological behaviour of PMO and to compare it with a mineral-based oil 
(SAE 40). A bearing, with a length to diameter ratio of 0.5, was used in 
accordance with variations in the journal speed and radial load. It was 
found that PMO presented a higher maximum pressure and better thermal 
resistivity compared to SAE 40. PMO also demonstrated a lower friction 
coefficient in all testing conditions. 
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1. INTRODUCTION 
 
As machinery technology keeps expanding all 
over the world, it is crucial to have highly 
efficient machining operations to achieve the 
optimum desired output. A journal bearing is 
one of the machine elements that have a high 
impact on the optimization of a machine itself. A 
journal bearing consists of two major parts 
known as the shaft or journal and the bearing. 
The shaft is fundamentally free to move inside 
the bearing, and it transmits the power to the 
other mechanisms in the system for various 
purposes. A journal bearing is commonly 
operated in a hydrodynamic lubrication regime. 
This is a condition where the load-carrying 

surface of the bearing is separated by a thick 
lubricant film to avoid metal-to-metal contact, 
thus, reducing the friction [1-3]. Generally, the 
pressure profile distribution of the fluid film is 
one of the main criteria for evaluating the 
performance of the bearing.  
 
A lubricant is an important element for 
facilitating the motion between two surfaces 
either by rolling, sliding, shearing or rotating. A 
good lubricant will lead to less friction, 
minimum power loss, prolonged shelf life of the 
material, and reduced wear. It might come either 
in a solid or liquid form with different 
properties. Few justifications need to be 
considered when selecting a lubricant. Different 
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working conditions will require different 
properties of lubricants. Usually, the viscosity, 
thermal resistivity and cold flow properties of 
the lubricant are some of the main criteria to be 
considered in selecting a lubricant. In the 
present study, the performance of two different 
based lubricants with a length to diameter 
bearing ratio of 0.5 were evaluated in a journal 
bearing application.  
 
1.1 Journal bearing with bio-based lubricant 
 
The study of bio-based lubricants has been 
expanding all over the world, the main reason 
being that they offer high adaptability to the 
environment due to their bio-degradable 
behaviour. This might eliminate one of the 
limitations that govern mineral oils, namely, that 
it is nearly impossible to dispose them from the 
environment [4].  Bartz reported that most of 
the mineral oil-based lubricants that are 
consumed end up in nature rather than being 
properly disposed [5]. These have driven 
researchers to channel their attention to bio-
based lubricants. Experimental studies on the 
use of palm oil-based lubricants in journal 
bearing applications are very limited. However, 
relevant studies in similar applications have 
been widely investigated using different testing 
methods [6-10]. Elisabet et al. investigated the 
capability of rapeseed–synthetic ester oil in 
mixed lubrication conditions. They found that 
the lubricant significantly demonstrated lower 
values of wear and frictional torque compared to 
mineral oil [11]. Another study was conducted 
by S. Basker to evaluate the performance of soya 
bean oil under hydrodynamic conditions. It was 
revealed that soya bean oil has a very low 
viscosity leading to higher heat generation, 
hence suggesting that it is not fit for operations 
in hydrodynamic conditions [12].  

 
1.2 Pressure and temperature distribution 

 
The rotation of the journal inside the bushing 
results in the development of pressure along the 
circumference of the bearing. With sufficient 
journal speed, the lubricant will be forcefully 
dragged into a wedge–shaped zone, and enough 
pressure can be created to separate the journal 
from the surface of the bearing [12]. The 
pressure profile is affected by many factors, 
including the speed of the journal, the load 
applied on the bearing, the viscosity of the 

lubricant, the position of the oil groove, the 
design of the oil groove and many more. Many 
studies have been conducted to investigate and 
predict these pressure profile behaviours. 
Nuruzzaman et al. conducted a study on the 
pressure distribution using finite element and 
analytical methods. The results on the 
comparison of both methods were satisfactory 
[13]. Another research was conducted by 
Yathish et al. to investigate the effect of using a 
two-axial groove in journal bearings. It was 
revealed that the experimental value of the 
pressure reading was 20 % lower than the 
theoretical value [14]. An extensive study using 
a two-axial groove was carried out by Phouc et 
al. under severe operating conditions. It was 
found that the maximum pressure occurred at 
an approximate angle of 105° and decreased at a 
location of 150° to 180° in diverging sections 
[15]. Mohamad Ali Ahmad et al. investigated the 
effect of the oil feed pressure on the pressure 
distribution. It was concluded that variations in 
oil feed pressure tend to affect the pressure 
distribution along the circumference of the 
bearing [1]. The same authors also studied the 
impact of varying the oil supply position on the 
pressure distribution [16]. A similar study was 
carried out and described by Wang and Khonsari 
using analytical methods in a static performance 
and non-linear instability analysis [17,18].  
 
Various studies have been conducted to evaluate 
the distribution of temperature along the 
circumference of a journal bearing. Mohamad Ali 
et al. confirmed that variations in the oil groove 
location will affect the temperature profile [16].  
The temperature profile of a lubricant with the 
corresponding journal speed and loads was 
investigated by S. Kasolang et al., and it was 
noticed that the temperature increased with 
increasing loads at a specific rotational speed 
[19]. Another study also found that the journal 
speed increased with lubricant temperature 
[20]. Amit Shingla simulated the thermo-
hydrodynamic characteristics using 
computational fluid dynamics (CFD), and 
revealed that the temperature rise was less 
compared to an iso-thermal analysis due to 
variations in the viscosity [21] 
   
1.3 Frictional forces 

 
The resistance to lubricant flow is basically 
attributed to the viscosity. A less viscous 
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lubricant will have a smoother sliding motion 
than a highly viscous lubricant, thereby 
promoting a low friction coefficient. The friction 
performances of bio-based, synthetic and 
mineral oil lubricants in journal bearings were 
examined by Pantelis et al. and it was found that 
the bio-based lubricant exhibited the lowest 
friction coefficient [22]. Mohamad Ali Ahmad et 
al. revealed that changes in the feed oil pressure 
and oil groove location tend to affect the friction 
coefficient [23,24]. The friction coefficient of 
fluid lubricants is attributed to the pressure 
acting on the projected area, the journal speed, 
the lubricant viscosity as well as the geometrical 
dimensions of the bearing.  

 
 
2. METHODOLOGY 

 
2.1 Journal bearing test rig 
 
An advanced journal bearing test rig was used in 
this study, as shown in Fig. 1. The main function 
of this machine is to measure the oil film pressure 
and temperature at different positions along the 
circumference of the bearing. The shaft or journal 
was mounted horizontally to the aligned bearing. 
The rotation of the shaft was driven by a servo 
motor that was connected and coupled to the 
trough at a time-belt pulley ratio of 1:2.  
 

 
Fig. 1. Diagram of journal bearing test rig. (1) Frame 
structure, (2) motor, (3) motor bracket, (4) spindle 
assembly, (5) bellows top plate, (6) bellows guide 
plate, (7) loading lever, (8) pivot assembly, (9) chain, 
(10) chain holder, (11) load cell holder, (12) load cell, 
(13) loading plate, (14) journal bearing, (15) 
pneumatic bellow. Adapted from [16]. 

 
The shaft was freely rotated in the specific bearing 
with sufficient clearance to form a hydrodynamic 
or thick film lubrication. A total of 12 units of 
pressure and temperature sensors were placed 
and fixed on the bearing, as shown in Fig. 2.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. The location of pressure and temperature 
sensors fixed on the bearing. 

 
The setting of the parameters for the experiment 
was controlled by both an electric and electronic 
controller, while the data and results were 
processed by a data acquisition system. The oil 
lubricant for the experiment was passed 
through a heat exchanger to provide the desired 
oil temperature during the experiment. An 
external or radial load was provided by a 
pneumatic system and was measured by load 
cells with a capacity of 5T and 10T. The cylinder 
load cell was mounted on the loading plate that 
was being used to hold the bearing, and was 
simultaneously connected to the loading lever 
by a roll and chain, as presented in Fig. 3.  
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
Fig. 3. Load is applied by pneumatic bellow in upward 
direction. 
 

When compressed air was injected into the 
pneumatic bellow, it expanded and resulted in the 
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loading plate being pulled up. Forces were exerted 
by the load cell and the signals were transmitted to 
the controller. The journal bearing was made of 
carbon steel and had a length to diameter ratio of 
0.5. The general specifications of the bearing and 
sensors are tabulated in Table 1. 
 

Table 1. Journal bearing and instrument’s 
specifications. 

Parameter Value 

Journal Material Carbon steel 

Bearing Material Phosphorus   bronze 

Journal diameter 100.020 mm 

Bearing diameter 100.104 mm 

Bearing length 50 mm 

Radial clearance 0.042 mm 

Pressure sensor 

Type Digital SS Isolated  

Measuring range 0.001 – 10 MPa 

Accuracy 0.001±1% MPa 

Temperature sensor 

Type PT 100 

Measuring range 1 – 200 °C 

Accuracy 1±1% °C 

Frictional torque sensor 

Type Beam type load cell 

Measuring range 30 kg 

Accuracy 0.01±1% Nm 

 

In the present study, the applied radial load and 
journal rotational speed were varied 
accordingly. Radial loads of 10 kN, 20 kN and 30 
kN were applied, while the rotational speeds 
were set at 200 rpm, 400 rpm, 600 rpm and 800 
rpm, respectively. The experiment was carried 
out at ambient temperature with a duration of 
about 25 minutes per cycle.  
 

2.2 Friction measurements 
 

The journal test rig was also equipped with a 
friction torque sensor to measure the frictional 
forces. The beam-type load cell torque sensor 
was mounted in a spindle housing, as shown in 
Fig. 4, and positioned longitudinally at 180 mm 
away from the centre of the bearing. When the 
journal was rotating, the lever arm would press 
the loading pin, and the friction torque sensor 
would trigger the signal and record the value, as 
shown in Fig. 5. The value of the friction 

coefficient would be computed by the data 
acquisition system.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4. The assembly of frictional force measurement. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5. The mechanism of friction measurement 
 

2.2 Lubricant properties 
 

Two types of lubricants were tested in this 
experiment, namely, a mineral-based engine oil 
(SAE 40) and palm oil-based (palm mid olein – 
PMO) lubricant. PMO is derived from double 
fractionated refined bleached and deodorized 
palm olein. It is also known as a by–product of 
palm mid fraction (PMF). The viscosity of SAE 40 
and PMO at a temperature of 40 °C was 0.0897 
Pa.s and 0.0299 Pa.s, respectively. The fatty acid 
content (%) for PMO was C12:0; 0.5, C14:0; 1.1, 
C16:0; 45, C18:0; 6.4, C18:1; 37.3, C18:2; 8.8, 
C18:3; 0.2, C20:0; 0.5 and C20:1; 0.1. 
 
 
3. RESULTS AND DISCUSSION 
 
3.1 Viscosity profile analysis 
 
The viscosity profile over the rise in temperature 
rise was plotted as presented in Fig. 6.  
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Fig. 6. Viscosity profile for tested lubricant. 
 
SAE 40 exhibited a higher viscosity at low 
temperatures compared to PMO. This indicated 
that PMO has a higher viscosity index (VI) 
compared to SAE 40. The PMO showed less 
variance in the viscosity with a rise in the 
temperature. The higher viscosity index 
indicated that the oil had good thermo-viscosity 
properties and was not greatly affected by 
temperature variations. The thermo-viscosity 
performance also affected the fluidity of the 
lubricants. In this case, PMO possessed better 
fluidity due to its lower viscosity. The fluidity 
characteristic allowed the fatty acid molecules to 
move freely and be adsorbed onto the contacted 
surface. The fatty acid molecule structures 
created a span that provided a good lubricant 
film, thereby reducing the coefficient of friction 
[25]. The very high viscosity readings indicated 
that a huge amount of force was required to move 
the molecules to the surrounding area [26]. Any 
oil with a very low viscosity is also not 
recommended for use as a lubricant because it 
can be easily cleared off by even a slight force, and 
hence, there will be less surface protection. This 
will increase the coefficient of friction, which is 
contrary to the function of a lubricant.  
 
3.2 Pressure distribution along the bearing 
circumference 
 
The pressure that developed along the mid-plane of 
the bearing was measured by highly accurate 
pressure sensors located at every 30° angle outside 
the bearing. The journal bearing was considered to 
be operating at a stable condition as the oil pressure 
was pulsating at a similar frequency for every 
revolution, as presented in Fig. 7. The pressure 
profile graphs for both PMO and SAE 40 at different 
rotational speeds and radial loads were plotted, as 
shown in Figs. 8-11.  

 
Fig. 7. Pressure pulsation for few shaft revolutions. 
 

 
Fig. 8. Pressure profile at 200 rpm. 
 

 
Fig. 9. Pressure profile at 400 rpm. 
 

 
Fig. 10. Pressure profile at 600 rpm. 
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Fig. 11. Pressure profile at 800 rpm. 
 

It was found that the pressure that was 
developed along the circumference of the 
bearing increased with increasing radial loads. 
This validated the theory that an increase in the 
radial load is directly proportional to the 
increase in pressure. The hydrodynamic 
pressure was increased to counter and support 
the increasing load. Meanwhile, as the speed 
increased, the oil film pressure was considered 
as consistent. The increase in journal speed in 
this study did not have much of an effect on the 
oil film pressure. At a fixed load, the increase in 
journal speed was accommodated by changes 
in the eccentricity ratio in order to remain 
stable in a hydrodynamic lubrication regime. At 
this point, the minimum film thickness would 
be increased within the limits without affecting 
the oil viscosity. The maximum pressure is 
developed when the fluid film enters the 
converging section, and suddenly, the pressure 
may drop to become a negative value as it 
passes into the diverging section. The minimum 
film thickness position lies on the borderline of 
these two regions.  
 
From among the 12 pressure point locations 
that were measured, the highest pressure was 
found to be at an angular position of 195° for all 
testing conditions. The point of highest 
pressure was supposed to shift to another 
position with increasing radial loads. However, 
no offset was found on the maximum pressure 
location even with increasing speeds and radial 
loads for both the PMO and SAE 40 lubricants.  
At all the tested speeds, PMO showed a higher 
maximum pressure compared to SAE 40 at a 
load of 10 kN. PMO demonstrated maximum 
pressures that were higher than SAE 40 by 
13.34 %, 14.19 %, 9.74 % and 8.49 % at speeds 

of 200 rpm, 400 rpm, 600 rpm and 800 rpm, 
respectively. However, as the load was 
increases to 20 kN and 30 kN, no significant 
difference was noted for both the PMO and SAE 
40 lubricants, and the difference in the 
maximum pressure was less than 1 %. PMO 
showed a higher maximum pressure because of 
its thermo-viscosity behaviour, where it 
possesses a high viscosity index (VI) which 
provides it with very stable viscosity properties 
with a rise in temperature [27]. At lower 
temperatures, PMO exhibited a lower viscosity 
compared to SAE 40. As the temperature rose 
with an increase in the speed and applied load, 
the viscosity of SAE 40 was lowered and 
approached that of PMO. This also caused the 
difference in the maximum pressure between 
PMO and SAE 40 to become closer at a higher 
radial load and higher rotational speed.  
 
3.3 Temperature profile along the bearing 
circumferences 
 
The temperature readings were measured by 
PT 100 sensors located at the same locations 
as the pressure sensors. There was also a PT 
100 sensor located at an angle of 0° to measure 
the oil inlet temperature. The temperature 
profiles for both the PMO and SAE 40 
lubricants along the mid-plane of the bearing 
were plotted with respect to changes in the 
journal speed and radial load, as presented in 
Figs. 12-15. In this analysis, the performance 
of the lubricant was evaluated based on its 
capability to withstand increases in the 
temperature due to increasing speeds and 
radial loads. Generally, it was found that the 
temperature increased with increasing speeds 
and loads. This was because of the increase in 
shear stress in relation to the increasing 
velocity gradient across the thickness of the oil 
film. As can be seen in Fig. 8, the maximum 
temperature was found to have occurred at an 
angle of 165° for all cases. At loads of 10 kN 
and 20 kN, PMO demonstrated a higher 
temperature compared to SAE 40. Meanwhile, 
at a load of 30 kN, SAE 40 exhibited a higher 
temperature at angles of 105° to 255°. For 
PMO, the temperature increased by 1.7 °C, 2.3 
°C and 2.7 °C for a loads  10 kN, 20 kN and 30 
kN, respectively, while for SAE 40, the 
temperature increased by 1.9 °C, 3.7 °C and 4.7 
°C for loads of 10 kN, 20 kN and 30 kN, 
respectively.  
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Fig. 12. Temperature profile at 200 rpm. 
 

 
Fig. 13. Temperature profile at 400 rpm. 
 

 
Fig. 14. Temperature profile at 600 rpm. 

 
Fig. 15. Temperature profile at 800 rpm. 

 
At a journal speed of 400 rpm, the maximum 
temperature was found to be at an angle of 
195°, which was the same location at which the 
maximum pressure was presented. This was 
attributed to an increase in the fluid friction as 
it moved into the converging region. The 
temperature increases for PMO at loads of 10 
kN, 20 kN and 30 kN were 3.7 °C, 4.7 °C and 5.4 
°C, respectively. Meanwhile, for SAE 40, the 
temperature differences were 7.2 °C, 8.1 °C and 
9.0 °C for loads of 10 kN, 20 kN and 30 kN, 
respectively. At a higher speed of 600 rpm, the 
maximum temperature was also at an angle of 
195°. It was observed that SAE 40 
demonstrated a higher temperature than PMO 
at all positions for all the radial loads. The 
temperature rise for SAE 40 was more 
prominent compared to PMO. The temperature 
rises for PMO at loads of 10 kN, 20 kN and 30 
kN were 5.8 °C, 6.6 °C, and 7.2 °C, while for SAE 
40 these were 9.5 °C, 10.6 °C and 11.7 °C, 
respectively. A similar trend was found at a 
speed of 800 rpm, with the highest temperature 
rise of 12.7 °C being recorded by SAE 40. The 
increase in temperature is generally 
proportional to the increase in the internal 
friction and oil film pressure in a fluid 
lubricant. In all the testing conditions, PMO 
exhibited a lower temperature rise compared 
to SAE 40. This was attributed to the excellent 
thermal resistivity of palm oil-based lubricants 
[27]. The ability to withstand a rise in 
temperature might help to stabilize the 
viscosity, thereby providing optimum 
operation of the bearing.  
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3.4 Friction coefficient measurements 
 
The frictional forces were sensed by a highly 
accurate friction torque sensor located 180 mm 
away from the centre of the journal. This beam-
type load cell sensor was used to measure the 
frictional forces against the direction of the 
rotating journal. The data on the frictional forces 
were then converted into the friction coefficients, 
as plotted in Fig. 16-19. Generally, it was found 
that the friction coefficient decreased with 
increasing radial loads at all speeds. The highest 
friction coefficient for PMO was 0.0359 at a speed 
of 600 rpm and radial load of 10 kN. Meanwhile, 
the highest friction coefficient for SAE 40 was 
0.0488 at a radial load of 10kN and journal speed 
of 800 rpm. It was also observed that PMO 
demonstrated a lower friction coefficient 
compared to SAE 40 at all testing conditions. 
Figure 10 shows that PMO presented a friction 
coefficient that was lower on average by 44.03 % 
compared to SAE 40. As the speed was increased 
to 400 rpm, 600 rpm and 800 rpm, PMO 
demonstrated a similar trend, whereby the 
friction coefficients were 27.76 %, 32.35 % and 
42.06 % lower compared to SAE 40, respectively.  
 

 
Fig. 16. Friction coefficient at 200 rpm. 

 

 
Fig. 17. Friction coefficient at 400 rpm. 

 
Fig. 18. Friction coefficient at 600 rpm. 

 

 
Fig. 19. Friction coefficient at 800 rpm. 
 

These results were in agreement with the findings 
of many previous studies that palm oil-based 
lubricants are able to reduce the friction 
coefficient due to the long polar fatty acid chains 
that are built into their triglyceride hydrocarbon 
molecules. These fatty acid chains are responsible 
for the strong molecular interaction between the 
fatty acid and metal surface molecules [28,29], by 
which the fatty acid molecules are able to 
penetrate and firmly attach themselves to the 
surfaces of metals by both physical and chemical 
adsorption. This interaction also results in the 
formation of a thin soap film layer, which consists 
of orderly and closely packed arrays of molecules 
[30]. There is also a strong dipole interaction 
between the fatty acid chains. The existence of 
thus thin soap film layer facilitates the motion and 
minimizes the contact of asperities, thereby 
reducing the friction coefficient.  
 
 

4. CONCLUSION  
 

The performance of PMO in journal bearing 
applications under various operating conditions 
was examined and discussed in the present study. 
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In general, increasing the journal speed and 
radial load will lead to an increase in the 
maximum pressure and maximum temperature, 
but a decrease in the friction coefficient. By 
comparing the performance of the lubricants, it 
was concluded that PMO showed a higher 
maximum pressure at a lower load than SAE 40 
and no significant differences were noticed at 
higher loads. PMO also exhibited better thermal 
resistance as it was able to minimize the rise in 
temperature with respect to increases in the 
rotational speed and radial load. In the analysis of 
the friction coefficient, PMO consistently 
demonstrated a lower friction coefficient at all 
testing conditions.  
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