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ABSTRACT
The influence of tribological behaviors of journal bearing Made of C83600 Red Brass alloy under dry sliding
condition against a shaft made of stainless-steel shaft was investigated experimentally in the present paper. A
special tribometer was developed and tests carried out under dry sliding conditions, actual radial load (RL) of
(2000 and 3000) N and sliding velocity (250, 500, 1000, and 1500) rpm were applied. Changes in temperature,
coefficient of friction COF, and weight loss of journal bearing were monitored. Increasing the radial load, sliding
velocity, and sliding time resulted in increasing the average temperature. It was also detected that the friction
coefficient decreases with the increasing of radial load RL and sliding velocity SV. On contrary, weight loss
increases with increasing RL and SV.
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INTRODUCTION
The tribological behavior of mineral and non-mineral materials was studied and verified by researchers and
engineers. The study of the tribal behavior of the materials used in the manufacture of bearings is one of the
specialties of tribal science, and many researchers began studying the properties of these materials. The
tribological behavior of MoS2, H3BO3, Graphite and TiO2 at four various SV (1.0, 1.5, 2.0, 2.5 m/s) has been
studied with dry sliding condition. Gray cast iron was melted with a specific composition (3.43C - 1.75Si - 0.1S0.038P - 0.74Mn - 0.36Cr - 0.41Cu) in an induction furnace. Ni, Mo, and Cu were added to the solubility to obtain
gray iron mixed with the required composition (3.44C 2.02Si-0.64Mn - 0.64Ni-0.37Cr - 0.35Mo - 0.57Cu - 0.12S0.07P). Results show that MoS2 and graphite demonstration 30 to 50% decrease in mass loss compared to other
lubricants at all SV. The coefficient of friction decreases with increasing of SV for all conditions. This could be
attributed due to high temperature and shear force that might redirect the lubrication layers [1, 2].
While investigating the tribal characteristics of the CI sample at changeable sliding time ST, different radial loads
RL and various SV. This study shows the quality characteristics of samples deviating from the standard value and
the effects that are also subject to it through the study of the signal-to-noise ratio (Taguchi study) and the study of
variance (ANOVA) [3-10]. All the parameters i.e. ST, RL and SV are important parameters affecting the
tribological behavior. The factor SV is the most influential parameter as the interaction between SV and EL is
significant [11]. The determination of the tribological properties of materials is usually studied and achieved using
a pin-to-disk tribometer. Two lubricants combinations were carried out to optimize the results as the lubricants
were prepared by varying the percentage of additives within the base oil, the graphite powder was mixed
homogeneously and molybdenum sulfide powder with canola oil, The pin was made of test specimens, which
were made of aluminum AA3003, the disk rotates at a rotational speed 500 rpm, The study showed that with an
increase in the percentage of the additive up to 7%, the rate of pin wear decreases and reaches the optimum value.
Also, the additional increase in the added percentage shows a linear relationship with wear rates [12].
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Extensive studies and research have been carried out on the use of white materials in the manufacture of lubricated
bearings. The tribological behavior of two different bearing materials with a tin base under dry slipping conditions
has been investigated, One of these alloys has a low content of 7% antimony, known as (SAE 12), and the other
on a high content of antimony 20%, which is the Sn – Sb – Cu alloy, The aim of this study is to determine the
effect of the increase in antimony content and its effect on tripologic properties [13]. Several experiments were
performed under varying RL and SV using a bearing test device built for the purpose of determining the tribal
properties of the bearing material. Sliding is carried out against the stainless-steel column, where a test device is
designed and manufactured and experiments were performed under lubricating conditions and RL 1000-4000 N
and rotating speed 1000-3000 rpm. The study proved that the COF increases with the increase in the SV and
decreases with the increase in the normal load of white tin-based materials [14]. The study of the effect of the
white metal alloy coating on journal bearings due to wear and losing the operational properties where these
bearings require to be mended again by coating the rotating parts with the suitable thickness. The tests proved that
the ideal non-dimensional thickness of the white metal coating is (0.25), which develops the mineral and
tribological properties where the heat of the oil dissipates in the best condition [15].
The tribological behaviors of brass-steel and copper-steel couples have been researched. It has been observed that
the linear lose weight increases with the RL , SV and the number of contact points for copper-steel, whereas the
results of the brass-steel pair detect that the COF does not depend on the RL and the number of contact points,
while on higher SS. The self-lubricating bearings operate on the principle of providing mutual mobility of the
contacted parts and the transfer of RL by slipping, the separation of the shaft and the bushing is achieved, to
prevent direct contact and wear, by lubricating the graphite. The primary role of graphite is to reduce resistance
to the relative movement resulting from friction [16]. Tribological properties using oil-based ZnO nano-fluid and
oleic acid as a interfacial tension to improve stability and dispersion of the ZnO nano-fluid have been investigated,
as the use of 2wt% ZnO resulted in a lower COF and a good improvement in the wear resistance of copper alloy
disc samples using a a flat-on-flat reciprocating test [17]. However, friction and wear behaviors of radial bearing
made of C83600 Red Brass under dry condition have not been reported in detail, therefore the main aim of the
present paper is to investigate the tribological behavior of radial bearing made of C83600 Red Brass under medium
RL, SV as well as under dry conditions. A special tribometer manufactured in the department of mechanics of the
faculty of engineering/Tikrit University was used in this study.
THEORETICAL FOUNDATION
Coefficient of Friction
The sliding pair in relative movement is represented by the contact surfaces of the machine parts as shown in
Figure 1. The sliding cover of the inner surface shaft (sleeve) on the outer surface bearing creates friction.
Mathematically, friction can be represented as follows:

Figure 1. Principle of friction coefficient value measurements
𝑇𝑇𝑚𝑚 = 𝐹𝐹𝑝𝑝𝑝𝑝𝑝𝑝 ∙ 𝑙𝑙𝑝𝑝𝑝𝑝𝑝𝑝 = 𝐹𝐹𝑓𝑓 ∙

𝑑𝑑

(1)

2
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𝐹𝐹𝑓𝑓 (𝑡𝑡) = 𝜇𝜇(𝑡𝑡) ∙ 𝐹𝐹𝑛𝑛 (𝑡𝑡) 𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦 → 𝜇𝜇(𝑡𝑡) =
From equations 1 and 2:
𝜇𝜇 =

𝐹𝐹𝑝𝑝𝑝𝑝𝑝𝑝
𝐹𝐹𝑛𝑛

∙

𝐹𝐹𝑓𝑓 (𝑡𝑡)

(2)

𝐹𝐹𝑛𝑛 (𝑡𝑡)

2∙𝑙𝑙𝑝𝑝𝑝𝑝𝑝𝑝

(3)

𝑑𝑑

Based on D'Alembert's principle and as shown in Figure 1:
𝑑𝑑

𝑑𝑑

𝑇𝑇𝐸𝐸𝐸𝐸 − 𝑇𝑇𝑖𝑖𝑖𝑖,𝑠𝑠ℎ𝑎𝑎𝑎𝑎𝑎𝑎 − 𝐹𝐹𝑓𝑓 (𝑡𝑡) ∙ = 𝑇𝑇𝐸𝐸𝐸𝐸 − 𝐽𝐽𝑖𝑖𝑖𝑖,𝑠𝑠ℎ𝑎𝑎𝑎𝑎𝑎𝑎 ∙ 𝜑𝜑̈ 1 − 𝐹𝐹𝑓𝑓 (𝑡𝑡) ∙ = 0
2

𝑑𝑑

(4)

2

𝑑𝑑

𝐹𝐹𝑓𝑓 (𝑡𝑡) ∙ − 𝑇𝑇𝑖𝑖𝑖𝑖,𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 − 𝐹𝐹𝑝𝑝𝑝𝑝𝑝𝑝 ∙ 𝑙𝑙𝑝𝑝𝑝𝑝𝑝𝑝 = 𝐹𝐹𝑓𝑓 (𝑡𝑡) ∙ − 𝐽𝐽𝑖𝑖𝑖𝑖,𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 ∙ 𝜑𝜑̈ 2 − 𝐹𝐹𝑝𝑝𝑝𝑝𝑝𝑝 ∙ 𝑙𝑙𝑝𝑝𝑝𝑝𝑝𝑝 = 0
2

(5)

2

A mathematical relation based on equations (2 and 5) can be used to calculate friction coefficient values in any
given time, as in equation (6):
2

𝜇𝜇(𝑡𝑡) = ∙
𝑑𝑑

𝐹𝐹𝑝𝑝𝑝𝑝𝑝𝑝 ∙𝑙𝑙𝑝𝑝𝑝𝑝𝑝𝑝 +𝐽𝐽𝑖𝑖𝑖𝑖,𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 ∙𝜑𝜑̈2

(6)

𝐹𝐹𝑛𝑛

In a stable state angular acceleration ϕ2 is null thus equations (6) is reduced to:
2

𝜇𝜇(𝑡𝑡) = ∙
𝑑𝑑

𝐹𝐹𝑝𝑝𝑝𝑝𝑝𝑝 (𝑡𝑡)∙𝑙𝑙𝑝𝑝𝑝𝑝𝑝𝑝

(7)

𝐹𝐹𝑛𝑛 (𝑡𝑡)

From above equation, it is concluded that the resistance created by the relative movement between the surfaces of
the shaft and the bearing is the frictional force. The friction torque, which is a function of time, is the minimum
value of the torque that causes the rotation of the shaft, which overcomes the friction resistance of the contact
which can be calculated from the product of the distance from the center of rotation to the point of influence of
the radial load on the arm Figure 1, i.e.: for d = 0.04 m and l = 0.15 m. From equations (2) and (3), the radius of
the bearing and the length of the arm, the friction coefficient can be determined
𝜇𝜇(𝑡𝑡) = 7.5 ∙

𝐹𝐹𝑝𝑝𝑝𝑝𝑝𝑝 (𝑡𝑡)

Wear

(8)

𝐹𝐹𝑛𝑛 (𝑡𝑡)

The definition of wear is known as the loss or removal of material from a surface due to the relative motion
between the two surfaces. One common classification of wear is by its four basic types: Sliding wear (delamination
wear), Fretting wear, abrasive, adhesive, corrosive, and surface fatigue wear. However, studies have found that
wear coefficient is more suitable for determining the corrosion rate, which is part of Archard's law [18]:
𝐾𝐾 =

𝐻𝐻∙𝑉𝑉

(9)

𝐹𝐹𝑛𝑛 ∙𝑠𝑠

Wear volume of the softer contact surface can determine:
𝑉𝑉 =

∆𝑊𝑊

(10)

𝜌𝜌

Substitute equation (10) into the equation (9):
𝐾𝐾 =

𝐻𝐻∙∆𝑊𝑊

(11)

𝐹𝐹𝑁𝑁 ∙𝑠𝑠∙𝜌𝜌

In an experimental case the hardness H of the contact layer material may not be known with any surety, thus;
𝐾𝐾

𝐻𝐻

= 𝑘𝑘 =

∆𝑊𝑊

(12)

𝐹𝐹𝑁𝑁 ∙𝑠𝑠∙𝜌𝜌

k is defined as as the dimensional wear coefficient or the specific wear rate [m3/Nm] [19].
EXPERIMENTAL PROCEDURE
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Radial Bearing Test Rig
Inclusion of the RL and SV effects present in bearings is necessary for any testament of bearing technology. The
superior way to include these effects is using real bearing geometry loaded under equivalent conditions. This led
to the preparation and manufacture of the bearing test device. The bearing house was designed by using 3D CAD
and Solidworks 2013 softwares. Figure 2, shows the parts of bearing housing design that allows for relatively
simple assembly and disassembly.

Figure 2. Drawing parts of bearing housing, 1- Tightening the screw 2- Force transducer, 3-Arm, 4thermocouple type K, 5- Adapter for the force transducer, 6- Upper support, 7- Lower support, 8- Shaft, 9- Bush
The Lathe type ADA Potisje PA 30B/1500 TP (part 3 in Figure. 3) which runs with the required rotating journal
speeds 250, 500, 1000 and 1500 rpm. It was suitable in this study to apply portable Data Acquisition (DAQ)
system with main components as in Figure. 3, the RL is inserted by tightening the screw, the values of the force
is measured by force transducer HBM U9 (5 KN) ( part 4 in Figure 3)., the load has been determined to be 2000
and 3000 Newton, friction torque resistance is measured (equation 4) by torque sensor HBM T1 (100 Nm),
temperature contact surfaces is measured by thermocouple type K ( part 4 in Figure 2). Commercial Lab VIEW
software was used to collect data, Equation (8) was inserted with a common program language and compiled for
the card using a dedicated command support program (Lab VIEW software). To calculate the COF change with
variation SV of the shaft, RL over journal bearing and temperature, where data is recorded every 10 s. Shaft
alignment with torque converter and lathe was done precisely.
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Figure 3. Bearing Test Rig, 1- torque sensor HBM T1 (100 Nm), 2 tighten the screw, 3- - Lathe ADA Potisje
PA 30B/1500 TP,4- force transducer HBM U9 (5 KN) , 5- shaft
MATERIALS AND PREPARATION
In the current research, the bearings with dimensions of inner diameter 40 mm, outer diameter 60 mm and width
40 mm with a clearance 0.025 mm, were made from available commercial C83600 Red Brass, and rotating shaft
AISI 440 Stainless Steel. In Tables 1 and 2, the chemical and mechanical properties of the bearing and shaft used
in experiment test. The test samples were cleaned with acetone before and testing, and an oven with a constant
temperature of 80 °C was used to get rid of moisture and then weighed to determine lost material using a balance
with an accuracy of 0.001 g.
Table 1. The chemical content of shaft and of journal bearing
Chemical Component of stainless steel 440C (%)
Fe
C
Cr
Ni
Mn
P
S
78.4 - 83.4
0.60 - 16.00- 2.5- ≤1.00 ≤0.035 ≤0.030
0.75
18.00
3
%
Chemical Component of C83600 Red Brass
Cu
Al
Sb
Fe
Ni
P
Minimum.
83.0- 0.045
0.25 0.3
1.0
0.05
/Maximum 85.0

Mo
0.75

Si
≤1.00

Cu
-

N
-

Other
-

Si
0.005

S
0.08

Sn
4.06.0

Zn
4-6

Pb
4.06.0

The COF, temperature and COF tests of the contact surfaces of each specimen were done over one hour and wear
tests were over 5 hours. In general, the COF, temperature and wear ratio results presented in the charts were the
averages values of three experimental iterations taking into account the dry sliding tests were carried out at room
temperature conditions i.e. 25±3 oC [20-24].
Table 2. The mechanical properties of shaft and Bearing Bronze
measured at room
temperature 20° C
Mechanical
properties
of
stainless steel 440C
Mechanical
properties of C83600
Red Brass

Hardness,
Rockwell C
[Mpa]

Tensile
Strength,
Yield

Modulus of
Elasticity
[Gpa]

Charpy
Impact
[J]

Density
[Kg/m3]

Roughness
Ra [μm]
< 0.3

58

1280

200

19.0

7800
< 0.25

30

255 MPa

101 GPa

202

14.0J

8720
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Arithmetical mean roughness Ra for surface contact of shaft and bearing, weight of the shaft was measured using
surftest SJ-301 and presented in Table 3.
Table 3. Mean nominal arithmetical roughness for bearing and shaft
Wight
(g)

Rav
(µm)

Straightness
[mm]

Journal bearing

482.86

0.46-0.38

-

Shaft (journal)

1936.37

0.23

0.026

RESULTS AND DISCUSSION
This study was focused on the influence of SV, RL and ST on wear rate, COF and temperatures of radial bearing
made of C83600 Red Brass alloy.
Influence of RL and SV on COF
Typical variations in COF over test period of one hour using average loads RL=2000 N and 3000 N at different
SV (250, 500, 1000 and 1500 rpm) are shown in Figure 4.

Figure 4. Variation of friction coefficient with respect to RL at different SV
The coefficient of friction decreases when increasing the RL of the journal bearing for various SV. It is worth
mentioning that, the lowest COF is 0.2421 occurred in highest average RL i.e. 3000 N and rotational speed of
shaft 1500 rpm, whereas the highest COF of 0.3922 occurred in average RL 2000 N and 250 rpm sliding velocity.
Influence of sliding time (ST) on behavior of friction process is shown in Figure 5. It shows that, at the initial
period of friction process, the COF value is 0.32, gradually increasing to 0.48 and then remaining constant for the
rest of the test time at average value of COF of 0.39 , SV of 250 rpm and RL of 2000 N, gradually increasing
COF may be attributed to the higher initial roughness and relatively small contact surfaces at initial running of
tests.
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Figure 5. various Friction coefficients vs sliding time.
After a certain period of time (about 15 min), the friction process, tends to drop at a certain constant value of
COF. The main reason could be due to generation of essential heat at the contact surface [25] and due to high
values of RL combined with high SV. This friction heat lead to soften the material of contact surface and decreases
their shear strength resisting plastic deformation. Thus, the frictional resistance and COF are decreased in turn as
clearly seen in Figure 6.

Figure 6. Change temperature and COF with sliding time, a) RL =2000 N, b) RL =3000 N
Temperature change of the worn surfaces contact at various frictional conditions are given in Figure 5. It can be
observed that the effects of SV and RL on the temperature are similar and evident. The temperature value at
contact surface raised to 85 oC at speed 250 rpm and load 2000 N and then reached a critical 106 oC at speed 1500
rpm for the same load. Whereas, it's raised to 92 oC at SV =250 rpm and load 3000 N, and then reached a critical
111 oC at speed 1500 rpm for the same load, this means that the greatest temperature is reached at the greatest SV
and RL. In general, it was observed that COF decreased with increasing RL and SV, as shown in Figure 7. It
may be set that the COF steadily decreased with the increasing SV and RL, it is more stable at higher loads. The
lower COF of journal bearing made of Red Brass with the higher of SV may be product to the change in the shear
rate which can impact the mechanical properties of the interface of journal bearing and shaft materials. The
strength of these materials is higher at higher shear strain rates [26] which effects in a lower real area of contact
and a lower COF in dry contact condition.
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Figure 7. Friction coefficients vs. various sliding SV
Influence of RL and SV on Wear Rate
Differences in the COF values could be analyzed due to the wear mechanism of Red Brass with respect of varying
RL and SV. Curves of Figure 8 show the differences of weight loss and wear rate k as a function of period of
rubbing at different RL and SV. Generally it can be observed from Figure 8 a,b that the weight loss increased
with the increasing of SV, this is due to the fact that period of friction process is the same for all SV, while,
logically the length of friction process is more in case of higher speed [27], which lead to weight loss increases
with the increase of SS, when the SV was 250 rpm, the average weight loss of Red Brass bearing was 23.158 mg
while, it was 35.773 mg when the SV was 1500 rpm for same RL, and it was 35.958 mg weight loss when SV
was 250 rpm, that increased to 52.373 mg when SV =1500 rpm at RL of 3000 N. It is also concluded that the
weight loss increases with the increase of RL. This is due to the fact as the RL increases frictional heat generated
at the contact surface and thus decreases strength of materials.

Figure 8. Specific wear rate and total weight loss vs various sliding time, a) load is 2000 N, b) load is 3000 N
Increasing of specific wear rate k is observed at the start of test i.e. positive gradient of specific wear rate is
occurred in starting test until reaching its highest value. The highest values of specific wear rate are (2.52, 2.08,
2.077 and 1.9*10-7) m3/Nm against (250, 500, 1000 and 1500) rpm SV, respectively, may occur at during (90-66)
min ST, RL 2000 N and (2.58, 1.96, 1.83 and 1.76*10-7) m3/Nm against (250, 500, 1000 and 1500) rpm SV,
respectively, may occur at period (62-66) min ST and RL 3000 N. The steady increase of specific wear rate may
be attributed to the tillage effect between the surfaces (i.e. peaks of contact surfaces) at start running. It is worth
mentioning that, variation of specific wear rate with ST can summarize the stability of weight loss along the
friction process, thus it is more stability with higher RL although most weight loss as shown in Figure 9, Where
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the average weight loss is greater for higher loads, and vice versa with regard to specific wear rate with increasing
SV.

Figure 9. Average wear rate and average weight loss vs various SV
RECOMMENDATIONS
From the results obtained, it can be said that the bearings made of C83600 Red Brass alloy can be used in
mechanical equipment of medium loads and for short periods of operation (for example: electric motor in starting
system work), due to the relatively high undesired friction temperature that leads to plasticity of the contact
surfaces and this in turn leads to an increase the wear rate of the bearing.
CONCLUSIONS
Tribological behavior at medium-speed dry sliding of journal bearing made of commercial C83600 Red Brass
have been investigated. The results indicated the following conclusions:
1. The highest COF occurred in bearing at RL=2000 N and SV =250 rpm, whereas the lowest COF occurred at
RL=3000 N and SV =1500 rpm
2. The greatest bearing temperatures is 111 oC occurred at RL=3000 N and SV =1500 rpm, while the lowest
bearing temperatures is 84 oC occurred at RL=2000 N and SV =250 rpm.
3. The highest bearing weight loss is 83.48 mg occurred at RL=3000 N and SV =1500 rpm, while the lowest
wear loss is 39.62 mg occurred at RL=2000 N and SV =250 rpm. The highest bearing specific wear rate
occurred at RL=2000 N and SV =250, while the lowest bearing specific wear rate occurred at RL=3000 N and
SV =1500.
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