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THE EFFECT OF EXTERNAL LOAD ON THE VALUES OF CONTACT 

AND FRICTION FORCES IN A CYLINDRICAL ROLLER BEARING 

 

Abstract: The results of computer calculation of the operation of a cylindrical roller bearing were presented in 

the article. The changes in the contact and friction forces of roller elements on the surface of the inner and outer 

rings in the cylindrical roller bearing under the influence of various external loads were analyzed. 
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Introduction 

Currently, the industry represents a large range 

of bearings. A bearing is an assembly that is part of a 

support or abutment and supports a shaft, axle, or 

other movable construction with a given stiffness. 

The cylindrical roller bearing is manufactured 

with high precision from special heat-treated steels, in 

accordance with ISO 12297-1:2021 [1]. A feature of 

the cylindrical roller bearing is the installation of 

roller elements in the separator between the inner and 

outer rings to ensure rotation with the least resistance 

[2]. Thus, the bearing elements perceive dynamic and 

static loads from the moving assembly, which can lead 

to vibration of the bearing and increased wear of the 

roller elements. The analysis of these effects has been 

performed in a number of scientific papers [3-10]. 

In this work, by simulating the dynamics of the 

cylindrical roller bearing system, the dependences of 

changes in the contact and friction forces of roller 

elements on the value of the external load action were 

determined. The calculation results will allow us to 

estimate the changes in the bearing parameters under 

different loading conditions. 

 

Materials and methods 

The dynamics of operation of the cylindrical 

roller bearing with an outside diameter of 100 mm and 

a bore diameter of 56 mm were simulated. Cylindrical 

roller elements with a diameter of 12 mm were 

installed between the inner and outer rings having 

outside and inside diameters of 32.875 mm and 45.125 

mm, respectively. The bearing clearance was assumed 

to be 0.125 mm. The inner ring of the bearing is 

connected to a shaft that rotates at a constant speed of 

5000 rpm. The outer ring is connected to a fixed 

foundation. An external load of 100, 500, 1000 and 

2000 N was applied to the inner ring of the bearing. 

The friction coefficient was assumed to be 0.1. The 

loading time of the cylindrical roller bearing was 

assumed to be 0.06 s. 

 

Results and discussion 

The calculation results were processed and 

presented graphically in the Fig. 1. Changes in the 

values of the contact and friction forces of the roller 

elements on the surface of the inner and outer rings of 

the cylindrical roller bearing over time were subject to 

consideration. 

It is noted that with an increase in the value of 

the applied external load, the value of the contact force 

of the roller elements on the surface of the inner and 

outer rings of the cylindrical roller bearing decreases. 

For example, when an external load of 100 N is 

applied, the peak value of the contact force can reach 

115 N. And when an external load of 2000 N is 

applied, the peak value of the contact force is about 

half the value of the applied external load. The friction 

force that occurs during contact is approximately 5-

10% of the value of the contact force. 

With an increase in the external load, the cyclic 

action of contact and friction forces in the cylindrical 

roller bearing is observed. If, when exposed to an 

external load of 100 N, there is only one cycle of 

contact and friction forces and it is longer in time, then 

when exposed to external loads of 500 and 1000 N, 

there are two cycles of contact and friction forces, and 

when exposed to an external load of 2000 N, three 

cycles occur. At the same time, the cycle duration 

decreases with increasing load. The contact and 

friction forces are zero between cycles. The nature of 

the change in contact and friction forces is the same 

under the action of external loads of 1000 and 2000 N. 

 

Conclusion 

Thus, it is safe to say that the maximum value of 

the contact force of the roller elements on the surface 

of the inner and outer rings of the bearing occurs at the 

beginning of the cycle. The values of the contact force 

at low values of the external load is greater than at 

significant external loads. At the same time, the more 

external load is applied, the more cycles of action of 

the contact and friction forces occur in the bearing. 

The friction force varies in a small range 

simultaneously with the contact force. 
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a  b  

c  d  

Figure 1. Changes in the contact and friction forces of roller elements on the surface of the inner and outer 

rings in the cylindrical roller bearing when exposed to an external load of 100 N (a), 500 N (b), 1000 N (c) 

and 2000 N (d). 
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