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Abstract— Friction and wear are the most important 

parameter to decide the performance of any bearing. The 

occurrence of the faults associated with Journal bearing is one 

of the most common cause of forced outages in rotating 

systems. During working bearing subjected to a progressive 

wear process, which can be accentuated in starts and stops or 

during the passage through the critical speed of journal. 

Therefore, investigation of friction and wear behavior of 

materials is important because of the adverse effect observed 

in performance and life of machinery components. After the 

test on wear machine, we found that additives can reduce 

wear by keeping the less co-efficient of friction, which helps 

to minimize the power loss due to friction. Nano-fluids are 

efficiently used to improve the tribological properties of 

bearing lubrication. 
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I. INTRODUCTION 

Journal Bearing supports and radially positions a rotating 

shaft used almost because of its simple construction and low 

cost. It uses the rotation of the journal to pressurize a lubricant 

that is supplied to the bearing to eliminate surface-to-surface 

contact and bear the external load. Bearing’s performance and 

efficiency affect the successful operation of the 

systems/mechanisms. During the rotation of a journal in an 

impregnated bearing, the temperature rises because of friction 

development and lubricant material is drown out of porosities 

due to the greater expansion coefficient of the lubricant 

compared to the bearing material. As soon as the journal 

stops, the oil gets absorbed by capillary action [1]. For heavy-

duty bearings, an extra oil reservoir may be provided outside 

of the bearing for supplementary lubrication. 

Journal bearing materials exhibits properties such as 

low friction coefficient, high load capacity, high wear 

resistance and corrosive resistance and high heat of 

conductivity. These properties directly affect the fatigue and 

wear life of the bearing. Resistance to wear is one of the 

important properties that journal bearings should possess. 

Considering of all those properties, several studies and 

investigations has been carried out in order to improve 

performance and life of bearing.  

For efficient operation and long service life, journal 

bearings have to meet several requirements. Non-Ferrous 

Founders’ Society (NFFS) have made the following 

requirements for journal bearing which must be satisfied 

simultaneously. 

 It permits journals motion with minimum energy 

consumption 

 Support a running load and be able to withstand shock 

loads 

 Run quietly with reciprocating or oscillating motion  

 and suppress externally induced vibrations 

 Accommodate some degree of shaft misalignment 

 And dirt particle strapped in the lubricant 

 It resists corrosion under normal service conditions as 

well as extended down-time. 

 Provide easy maintenance 

Three critical performance parameters in journal 

bearings can be expressed as the following: 

 Friction coefficient 

 Wear Index, which reflects material loss during the 

sliding 

 Local bearing temperature which is an important 

parameter in seizure. 

Oils are used in journal bearings when cooling is 

required or contaminants or debris needs to be flushed away 

from the bearing. High-speed journal bearings are always 

lubricated with high viscosity oil. Grooves in the bearing 

shell are used to distribute the oil throughout the bearings’ 

surfaces. Oil viscosity grade required and is dependent upon 

bearing speed (RPM), oil temperature and bearing load. 

Higher the bearing speed, the lower the oil viscosity required; 

higher the operating temperature of the unit, the higher the oil 

viscosity that is required.  

A generally accepted minimum viscosity of the oil 

at the operating temperature for journal bearings is 13 

Centistoke (cSt), although some designs allow for an oil as 

thin as 7 or 8 cSt at the operating temperature. The optimum 

viscosity may be high as 95 cSt operating for low speed, 

heavily loaded or shock loaded journal bearings. If the low 

viscosity oil selected, heat will generate due to an insufficient 

film thickness and direct contact between mating surface. If 

the oil with too high in viscosity, heat will again be generated 

due to the internal fluid friction i.e. shear thinning created 

within the oil. Oil with too high in viscosity and pressure 

zones, which are created within the oil on each side of the 

area of minimum film thickness causes oil cavitations in these 

bearings. The expansion of dissolved air or a vapor (water or 

fuel) in the low-pressure zone of the bearing resulting bubble 

causes cavitations-pitting and damage the metal [18]. 

II. LITERATURE REVIEW 

Christoph Knauder et al. [1] investigated heavy-duty Diesel 

engine of 13 liter-class, High Temperature High Shear 

viscosity (Dynamic viscosity of lubricant at 150ºc) 

limitations are determined for the engine which indicates that, 

the oil with further reduced HTHS-viscosity would demands 

engine journal bearing modifications to maintain the high 

service life of the engine. He compared the investigation of 

friction reduction in highly loaded journal bearing using 

ultra-low viscosity lubricant (0W20) and work from literature 

and he found that ultra-low viscosity 0W20 lubricant 

achieved friction reduction of about 8% with HTHS-viscosity 

of 3.6mPa-s.  

Hamed Ghaednia et al. [2] investigated the 

tribological properties nano-lubricant that consists of CuO 

nano-particles (9nm) suspended in mineral base oil using 
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Sodium Oleate (SOA) as a surfactant. Nano-lubricants CuO 

with concentrations of 0.5, 1.0 and 2.0% wt investigated 

using a disk-on-disk friction and found that CuO/SOA 

nanoparticle additives reduce the friction between the 

lubricated surfaces.  The effect of nano-particles is more 

influential at higher loads and concentrations. The viscosities 

of the nano-lubricants increase by an average value of 10% 

and 20% for the nano-particle concentrations of 1.0% and 

2.0%wt, respectively. The steady state temperature is also 

10ºc lower on an average for nano-lubricants 

S. Baskar et al. [3] examined the friction and wear 

behavior of journal bearing material (brass) using Pin-on-

Disc wear tester for three different lubricating oils i.e. 

synthetic lubricating oil (SAE20W40), chemically modified 

rapeseed oil and chemically modified rapeseed oil with Nano 

CuO. He founds that, bearing material lubricated with CMRO 

+ 0.5 wt.% nano CuO has the lowest friction coefficient of 

0.073, that of CMRO is 0.13 and SAE20W40 is 0.09.Thus, 

lubricating oil contain nano CuO preferred for the lubrication 

in journal bearing application.  

Sudeep Ingole et al. [4] studied the effects of P25 

and titanium dioxide additives in the lubricant to characterize 

the friction and wear behavior of self-mated E52100 steel 

bearing on reciprocating pin-on-disc apparatus. Nano TiO2 

powder was synthesized by ethylene glycol using mediated 

co-precipitation technique and characterized by X- Ray 

Diffraction (XRD), Fourier transform infrared spectroscopy 

(FTIR) and Raman Spectroscopy. Nano-particles (20–25nm 

size) also characterized by TEM and Scanning Electron 

Microscopy (SEM). He concluded that, all concentrations of 

P25 increased the coefficient of friction but the addition of 

TiO2 nano-particles in oil supplement reduced the variability 

and stabilized the frictional behavior. 

Luan Gara et al. [5] reviewed that oxides of nano-

particles could decrease friction up to 32% and wear depth up 

to 78.8%. He used commercially available 50% ZnO + 50% 

Al2O3 nano-particles concentration were diluted using 

dionized water and ultrasonic bath into different 

concentration to study its friction and wear characteristics. He 

founds that, friction and wear reduction behavior were 

depend on the characteristics of nano-fluids such as, particle 

size, shape and concentration. ZnO reduces the coefficient of 

friction (COF) more than that of Al2O3 at 1 & 50% dionized 

water concentration. 

B. S. Ünlü et al. [6] studied the tribological and 

mechanical properties of the journal bearings made of tin and 

lead based alloy. A special bearing wear test rig has been 

designed to examine the wearing behavior of bearing 

materials and the shaft together. Therefore, it is possible to 

investigate different bearing and journal materials and also 

the effects of heat treatment on these materials. Tensile, 

compressive, notch impact, three-point bending, radial 

fracture, and hardness tests were conducted to obtain there 

mechanical properties. At the end of wear test he concluded 

that, the highest friction coefficient and temperature of the 

bearing were observed for pure Cu bearings than Sn and Pb. 

Pure Sn, Pb, and Cu metal bearings get worn to journal more 

than the SnPbCuSb white metal bearings. The lowest friction 

coefficient and wear losses for bearing and journal were 

occurred in SnPbCuSb alloyed bearings and that of highest 

wear losses of the bearings took place for pure Pb and  journal 

wear occurred for pure Sn bearings. 

Jianhua Wang et al. [7] prepared water-soluble TiO2 

nano-particles by sol-gel method and characterized with 

transmission electron microscopy (TEM) and SAED. The 

nano-particles can easily dissolves in water and the solution 

appears very clear and transparent. TiO2 nano-particles 

modified with polyethylene glycol have uniform size about 

10 nm and  can easily dissolve in water. During friction 

process, TiO2 nano-particles permeate into substrate and 

formed a diffusion layer which may contribute to reduce 

friction and wear properties. Because of local high 

temperature, TiO2 nano-particles may be under the 

conditions of melting, semi-melting or sintering and 

nanometer ceramic like film formed during friction process 

and that’s why TiO2 as nano-additives greatly improved the 

tribological properties of the base fluid.   

De-Xing Peng et al. [8] investigated the tribological 

properties of liquid paraffin with SiO2 as nano-additives 

under ball-on-ring tester. The friction coefficients are 

measured during sliding test and recorded by using the strain 

gauge for eight lubricants, which are pure liquid paraffin and 

Liquid paraffin with SiO2 added at mean diameters of 

684,420,362,281,215,140 and 58 nm. It results that SiO2 

nano-particle with 58 nm diameter provide better friction and 

wear reduction, load carrying capacity than liquid paraffin. 

M. O. A. Mokhtar et al. [9] studied the location of 

the wear within the bearing was caused during starting and 

having no significant contribution during stopping. He used 

multi-diameter measuring technique for an accurate 

assessment of the local wear. He concluded that, during the 

first 1,000 cycles of operation, measurements showed rapid 

improvements of the surface finish of the bearings 

accompanied by a relatively high rate of increase of clearance 

in the worn area ,while the extent of the worn area also 

increased rapidly particularly in bearings with relatively low 

initial diametral clearance.  

Arnold Miller et al. [10] investigated the friction 

properties of steel journal sliding on lead-base Babbitt under 

lubricated system. Friction pendulum was developed for 

determining the friction coefficients as a function of 

temperature for lubricant with various lube oil additives. He 

concluded that, additives which function by simple physical 

adsorption were found to be ineffective at moderate or high 

temperature existing in railroad operation.  

Ertuğrul Durak [11] studied variation of friction 

force in lubricated journal bearing operated at different load 

and speed with rapeseed oil (RSO) as additives in different 

concentrations, 1, 2, 3, 5, 10, 20, 30, 40, 50 by volume percent 

at room temperature (20ºc) & high temperature (100ºc). He 

concluded that the lubricating oils containing RSO performed 

a higher reduction in the coefficient of friction at room 

temperature than at higher temperature. For 50% of volume 

concentration, maximum reduction ratios obtained with the 

usage of lubricant with RSO. 

Mustafa Duyar et al. [12] studied the elasto-

hydrodynamic lubrication (EHL) approach which resulted in 

improvement in the performance and durability of bearings. 

In this lubrication regime, hydrodynamic pressure is high 

enough that a significant elastic deformation at the interacting 

surfaces is caused and oil film thickness is slightly influenced 

by the elastic moduli of surfaces. Developed model is used 

along with the Archard law to predict the wear rate and it 

shows that, using more conforming bearing material and 
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cooling the lubricant which increases the viscosity results in 

better design. 

Y. Y. Wu et al. [13] examined the tribological 

properties of two lubricating oils API-SF engine oil and Base 

oil, with CuO, TiO2, and Nano-Diamond nano-particles used 

as additives on reciprocating sliding friction tribotester. The 

friction coefficient and contact resistance between the 

rubbing specimens was measured to study the film-forming 

process of the nonconductive chemical film of lubricating oil 

additives. When CuO was added to the SF oil and the Base 

oil, the friction coefficients were reduced by 18.4 and 5.8%, 

respectively & the worn scar depths were decreased by 16.7 

and 78.8%, respectively, as compared to the oils without 

nano-particles. 

Ertuğrul Durak et al. [14] used a rotational 

experimental system to investigate the variation of the 

friction force according to the velocities and loads in journal 

bearings and displayed the results of reduction ratio in the 

friction coefficient for lubricating oil, which was formed by 

adding commercial additives (A, B, C) oil at determined 

ratios of concentration (vl 3 per cent) to engine oil and 

compared with engine oil at both 25 and 100ºC. He founds 

that Additive A added to engine oil was more effective in 

reducing the friction coefficient in the journal bearing under 

static loading. At the same time, additive A of friction 

modifying performance was higher in particularly in the 

higher temperature and at even higher loads. 

A. Ramamohana Rao et al. [15] studied the factors 

influencing the wear of carburized plain carbon steel journal 

bearings operating under mixed-lubrication conditions. A 

comprehensive set of experiments employing Taguchi’s 

technique carried out to establish wear characteristics under 

varying combinations of different parameters, i.e. load, 

surface velocity, surface roughness of journal and bush, 

surface hardness of contact surfaces, clearance ratio of 

bearing and frequency of starts and stops.  

J. Archard [16] concluded that, electrical contact 

resistance depends on the model used to represent the 

surfaces; the most realistic model is one in which increasing 

the load increases both the number and size of the contact 

areas. In general, mechanical wear should also depend on the 

model. However, in wear experiments showing the simplest 

behavior, the wear rate is proportional to the load, and these 

results can be explained by assuming removal of lumps at 

contact areas formed by plastic deformation; moreover, this 

particular deduction is independent of the assumed model. 

This suggests that a basic assumption of previous theories, 

that increasing the load increases the number of contacts 

without affecting their average size, is redundant. 

III. EXPERIMENTAL SYSTEM LAYOUT 

The wear is the loss of material due to relative contact 

between two components, which is relatively small in most 

of the machinery and engineering tool. For friction and wear 

measurement there are different test rigs available according 

to our purpose, which give results about the wear rate in tools 

and machinery. 

The Pin-on-Disc (POD) test is common test used to 

evaluate the tribological properties of materials. The unit 

consists of an arm to which the pin is attach, a fixture that 

accommodates disks of EN-31 steel up to 165 mm in diameter 

& 8 mm thick. Pin is made of material that is under 

investigation in order to find the consequences of wear and 

friction under different conditions, such as dry, lubricant and 

lubricant with different additives for different loading 

conditions.   

 
Fig. 1: Pin-on-Disc Apparatus 

The diameter and length of pin are 10 mm and 30 

mm respectively is fix in a pin holder and known Hertzian 

pressure is automatically applied to the pin using a system of 

weights, which gives sliding wear as well as a friction force. 

Users simply specify the turntable speed, the load, and any 

other desired test variables such as friction limit and number 

of rotations [17]. User need only place the test material into 

turntable fixture and specify the test variables. WIDCOM’s 

user interface software included with this model provides 

quick calculation for the Hertzian pressure between the pin 

and disk. A sink provided which permits the use of liquid 

lubricants during a wear test (optionally). An electronic force 

sensor for measuring the friction force, and a computer 

software (on Lab view platform) for displaying the 

parameters, printing, or storing data for analysis. 

IV. CONCLUSION 

After going through superior literatures it is found that, 

tribological properties such as Pressure, temperature, friction, 

viscosity are the key factors affects the working of journal 

bearing and our prime motive to graphed those under working 

conditions. Wear reduce the stability, dynamic performance 

and load carrying capacity of journal bearing through 

misalignment and changes in clearance and changes in 

friction coefficient. Through literature it is comes to know 

that, journal bearing of different material were carried out on 

Pin-on-Disc Tribometer to study their tribological properties 

at different operating condition. In addition, nano-fluids 

effectively used to reduce the wear and temperature 

distribution in boundary-lubricated regime. 

Therefore, this intends to work on wear 

characteristics of journal bearing under Pin-on-Disc Test rig 

and nano-fluids can be used to improve the frictional 

properties of journal bearing. 
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