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Abstract: The paper presents a theoretical analysis and experimental tests regarding the variation of the friction 

coefficient in a radial sliding bearing depending on lubricant temperature changes. The values of the radial force and the 

rotation speed of the spindle are kept constant. 
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1. Introduction 
 

Friction directly influences the operation of 

mechanical systems, causing wear of components or even 

their blocking.  

In order to reduce the frictional forces, machine 

parts called bearings are used, which, depending on the 

constructive form, can be rolling bearings and sliding       

(or plain) bearings. 

Depending on the direction of force application, 

the bearings can be radial, axial, and radial-axial. 

Sliding bearings operate in fluid lubrication regime 

(hydrostatic or hydrodynamic) when a continuous layer of 

lubricant is provided between the contact surfaces of the 

conjugated parts in relative motion.  

The scheme of a radial sliding bearing is presented 

in fig. 1. The design of radial sliding bearing with 

hydrostatically suspended pads is presented in [11], and 

the thermohydrodynamic analysis is studied in [9]. 
 

 

 

 

 

 

 

 

 

 
 

Fig. 1. Radial sliding bearing [15]. 
 

The characteristic tribological parameter is the 

friction coefficient, which influences directly the 

mechanical efficiency, temperature, and wear intensity. 

 The friction coefficient is influenced by the 

following factors: the size of the bearing, the quantity and 

quality of the lubricant, the roughness of the contact 

surfaces, the mounting precision, the load value, the 

rotation speed and the lubricant temperature [5], [10], 

[12], [15]. 

  Sliding bearings were studied in different 

tribological situations [2], [4], [14], [15]. 

  The influence of clearance on stress state and 

contact pressure in plain bearings was analyzed by 

numerical simulation in [3]. 

  The friction forces that occur in usual types of 

kinematical joints were studied in [7], [8], [13]. 

 The paper presents the research on the variation of 

the friction coefficient in the sliding bearing depending on 

lubricant temperature changes (35°, 40°, 45°, 50°, 55°, 

60°). The testing was performed for certain rotation 

speeds of the shaft, loaded with constant radial forces. 

 

2. Basic Theoretical Notions 
 

The theoretical friction coefficient in a radial 

sliding bearing with hydrodynamic lubrication is 

computed with the formula [1], [6]: 
 

 

where: 

-  [N·s/m2] is the dynamic viscosity of the 

lubricant; for an HLP ISO 32 oil [17], it can be 

calculated by using the relation [18]: 

 = ν·ρ = 21·10-6·869 = 0,018 [N·s/m2] (2) 

where: 

ν = 21 [cSt] = 21·10-6 [m2/s] – is the kinematic 

viscosity of an ISO 32 oil at 50 [°C] [18]; 

ρ = 869 [kg/m3] – is the oil density [19] 

-  [s-1] – spindle angular speed; 

 = 2·π·n/60 = 2·π·500/60 = 52.36 [s-1] (3) 
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n = 500 [rot/min] – is the rotation speed; 

- p [MPa] – the average pressure between the 

spindle and the bearing, computed by using the 

formula [7]: 

 
R = 125 [N] is the radial force acting on the 

bearing; 

l = 45 [mm] – the contact length between 

spindle and bearing; 

-  = (D - d) / d – the relative clearance between 

the bearing inner diameter D [mm] and the 

spindle outer diameter d [mm]; the nominal 

diameters of both bearing and spindle are the 

same, 30 [mm]; since the fit is E6/h9 [16], the 

tolerance limits are as follows: 

D = 30+.040
+.053 [mm] and d = 30−.052

   .000 [mm] [20]; 

max = (Dmax – dmin) / dmin =  

(30.053 – 29.948) / 29.948 = 0.0035 [-] (5) 

 

3. The Experimental Stand 
 

The components of the experimental stand are 

presented in fig. 2. 
 

 
Fig. 2. Scheme of the experimental stand [15], [16]. 

 

By using the experimental stand, the energy loss 

from a radial sliding bearing is determined, depending on 

lubricant temperature, for certain rotation speeds of the 

shaft, loaded with constant radial forces. 

The rotational movement of the shaft is provided 

by an electric motor, controlled by a speed regulator. 

The values of the spindle rotation speed are read 

on the display no. (8) and the values of the lubricant 

temperature in the sliding bearing are read on the display 

no. (9) of the control system (7) [16]. 

The bearing is mounted in the oscillating 

cylindrical housing (3), on which are found, on one side, 

the graded ruler (1) and the related slider (2), and on the 

opposite side, a threaded rod with two counterweights for 

fine adjustment. 

The radial force acts on the bearing by means of 

two belts, which connect the oscillating housing and two 

belt wheels mounted on a support fixed on the lever (6), 

on which the plate (10) for the weights (11) is found. 

The value of the radial force is reached by loading 

the system with levers with the force G, by means of 

weights (11) placed on the plate (10), and the balancing 

of the friction moment is ensured by moving the cursor 

(2) in relation to the graded ruler (1) until the horizontal 

marks on the ruler and on the stand are aligned. The force 

R can be computed with the following formula [15], [16], 

[17]: 
 

 

The experimental friction coefficient in the bearing 

is computed depending on the friction force Ff [N] and the 

radial loading force R [N], with the formula: 
 

 

The friction moment and the friction force in the 

radial sliding bearing are computed with the following 

expressions [15], [16], [17]: 
 

 
 

where:  

- a – is the length of the force arm, which is 

measured on the graded ruler of the balance 

scale, for the horizontal markings to coincide; 

- F0 = 1 [N], from [17]. 

 The wick oiler (4), mounted on the bearing 

housing, provides the lubricant required for 

hydrodynamic lubrication. From the housing, the oil is 

circulated to the collector vessel, assembled in the lower 

part of the oscillating housing (3). 

 

4. Experimental Steps 
 

       The following experimental steps are carried out [16]: 

1) the experimental stand is powered; 

2) the weight (11), G = 20 [N], is placed on the plate (10), 

thus obtaining the radial force R1 = 125 [N] for loading 

the bearing; 

3)  adjust the shaft rotation speed to n = 500 [rpm], and 

reading the oil temperature of 35°, when occurring, and 

the cursor positioning distance “a” of the cursor (2) on the 

graded ruler (1) when the scale is in balance and the two 

horizontal marks overlap;  

4) the previous step is repeated for the following 

temperature values: 40°, 45°, 50°, 55°, 60°; 

5) modifying the rotation speed to the next values 

successively: n = 1000, 1500, 2000 [rpm], and repeating 

the steps 2 - 4; 

6) changing the value of the force applied to the bearing 

by loading the weight G = 40 [N] on the plate of the lever 

system and repeating the bearing testing for steps 2 - 5;  
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- the expressions (1) – (9) are used for the computing of 

parameters corresponding to all experimental scenarios. 

 

5. Experimental Results 

 

The experimental stand is shown in fig. 3; the 

notations have the same meanings as in the second 

chapter.  
 

 
Fig. 3. The experimental stand.  

 

        The experimental results are shown in tables 1 and 2. 

 
Table 1. Experimental results for loading force R = 125 [N]. 

Crt. 

no. 

Temperature 

[°C] 

Loading Force R1 = 125 [N] 

Rotation Speed n1 = 500 [rpm] 

Distance 

a [mm] 

Friction 

coefficient 

e [-] 

Friction 

moment Mf 

[N·mm] 

1.  35 65 0,035 65 

2.  40 32 0,017 32 

3.  45 25 0,013 25 

4.  50 17 0,009 17 

5.  55 12 0,006 12 

6.  60 9 0,005 9 

 Rotation Speed n2 = 1000 [rpm] 

1.  35 120 0,064 120 

2.  40 88 0,047 88 

3.  45 68 0,036 68 

4.  50 48 0,026 48 

5.  55 34 0,018 34 

6.  60 25 0,013 25 

 Rotation Speed n3 = 1500 [rpm] 

1.  35 178 0,095 178 

2.  40 128 0,068 128 

3.  45 105 0,056 105 

4.  50 85 0,045 85 

5.  55 56 0,030 56 

6.  60 45 0,024 45 

 Rotation Speed n4 = 2000 [rpm] 

1.  35 192 0,102 192 

2.  40 158 0,084 158 

3.  45 125 0,067 125 

4.  50 105 0,056 105 

5.  55 68 0,036 68 

6.  60 60 0,032 60 

 

 

 

Table 2. Experimental results for loading force R2 = 225 [N]. 

Crt. 

no. 

Temperature 

[°C] 

Loading Force R2 = 225 [N] 

Rotation Speed n1 = 500 [rpm] 

Distance 

a [mm] 

Friction 

coefficient 

e [-] 

Friction 

moment Mf 

[N·mm] 

1.  35 54 0,016 54 

2.  40 36 0,011 36 

3.  45 22 0,007 22 

4.  50 15 0,004 15 

5.  55 10 0,003 10 

6.  60 7 0,002 7 

 Rotation Speed n2 = 1000 [rpm] 

1.  35 130 0,039 130 

2.  40 96 0,028 96 

3.  45 78 0,023 78 

4.  50 58 0,017 58 

5.  55 28 0,008 28 

6.  60 20 0,006 20 

 Rotation Speed n3 = 1500 [rpm] 

1.  35 184 0,055 184 

2.  40 130 0,039 130 

3.  45 115 0,034 115 

4.  50 92 0,027 92 

5.  55 60 0,018 60 

6.  60 56 0,017 56 

 Rotation Speed n4 = 2000 [rpm] 

1.  35 210 0,062 210 

2.  40 172 0,051 172 

3.  45 130 0,039 130 

4.  50 110 0,033 110 

5.  55 72 0,021 72 

6.  60 68 0,020 68 
 

The graphical dependence of friction coefficient - 

temperature, for loading force R1 = 125 [N] and R2 = 225 [N], 

is presented in figures 4 and 5, respectively.  
 

 
Fig. 4. Friction coefficient vs. temperature,  
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Fig. 5. Friction coefficient vs. temperature,  

 
 

5. Conclusions 
 

Following the tests performed, for a constant radial 

force, it is observed that the increase in the temperature 

causes the decrease in the friction coefficient (fig. 4, 5), 

and the increase in the radial force also causes the 

decrease in the friction coefficient.  

Comparing the theoretical friction coefficient 

value computed with the relation (1) to the experimentally 

determined value (table 1, rotation speed 500 rpm, row 4) 

for the radial force R = 125 [N] and temperature                    

T = 50 [°C], it can be observed that they are close:                  

t = 0.011 and e = 0.009. 

As further research, the shaft material can be 

changed and the variation of the friction coefficient value 

can be studied.    
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