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Abstract 

Rolling bearings are important supporting components in the manufacturing industry 
for rotating machinery, with advantages such as low friction resistance, high speed, and 
compact structure. During the actual operation of rolling bearings, deformation occurs 
at the contact between the rolling elements and the raceways, causing the load borne by 
the rolling elements to change with their deformation, thereby affecting the normal 
operation of the entire rotating mechanism. Eccentricity faults in the inner ring of 
bearings can alter the contact state between the inner ring and the rolling elements, 
affecting the deformation of the rolling elements and ultimately leading to bearing 
failure or accelerated bearing failure. For bearings with inner ring mass unbalance faults, 
a model of inner ring mass unbalance rolling bearings is established to analyze the 
impact of centrifugal forces generated on the inner ring on the performance of bearings. 
The study investigates the stress distribution of rolling bearings under different speeds 
and mass conditions, as well as their effects on the contact characteristics of internal 
components within the bearings and the operational status. Explanations are provided 
for the reasons behind changes in the contact of internal components in bearings with 
mass unbalance faults. 
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1. Introduction 

With the continuous advancement of intelligent manufacturing and the "Industry 5.0" process, 
the requirements for high precision, high performance, and long life are driving China's 
industrial equipment manufacturing technology and theory towards higher levels of 
breakthroughs and innovations. Localized faults are one of the two main categories of bearing 
failures, including cracks, pits, spalling, dents, and surface roughness on various components of 
rolling element bearings. Bearing cracks include surface cracks and subsurface cracks. 
Subsurface cracks most commonly occur in the maximum shear stress zone below the surface 
of the bearing components. Yoshioka and Fujiwara developed acoustic emission and vibration 
acceleration methods to diagnose the initiation and propagation time of rolling contact fatigue 
cracks, which can provide the initial crack propagation time and propagation time of fatigue 
cracks. Mano et al. proposed a new method for acoustic emission source localization based on 
experimental and simulation methods for predicting the relationship between radial rolling 
contact fatigue crack propagation and inner ring load distribution in radial rolling bearings. 
This is the narrow zone of initial fatigue crack propagation. Tandon and Choudhury established 
an analytical model to predict the vibration of rolling bearings with spalling on rolling 
components and raceways under axial and radial loads. The model considers the influence of 
load and pulse shape on vibration amplitude, as well as the finite width pulse caused by faults. 



International Journal of Science Volume 11 Issue 3, 2024 

ISSN: 1813-4890  
 

183 

In this model, three typical pulse forms are defined: rectangular, triangular, and semicircular. 
Kiral and Karaglle used the finite element method to predict the effect of speed, shell structure 
geometry, number and location of faults on the frequency domain vibration of single and 
multiple fault raceways and rolling elements in rolling bearings. Aithal et al. established a static 
finite element model to study the impact of surface roughness error on the load distribution of 
large-diameter rotary bearings used in fast neutron breeding reactor rotating plugs. They 
demonstrated that the amplitude of the roughness has a significant impact on the load 
distribution of the bearing. Xing et al. established an analytical model to predict the vibration 
and surface roughness of SRBs. External axial loads and automatic aligning contact angles are 
formulated in their model. 

2.  Mass eccentricity 

2.1. Modeling of eccentric rolling bearing with inner ring mass 

The mass point is divided into four cases: 0g (normal bearing), 0.1g, 10g, and the mass point is 
located at the middle node of the inner ring, as shown in Figure 1. At the same time, the rotating 
speed is 3000rpm and the external load Q is 1000N. The calculation is 0.1s and 1000 steps are 
output, which takes 56h. 

Different from the research method of geometric eccentric fault, in order to reduce the influence 
of external load on bearing, the motion trend of node X direction on bearing components is 
selected in this section for analysis. 

        
Fig1.Mass point inner circle position diagram 

2.2. Influence of eccentric mass on rolling bearing 

(1) At the same speed, the displacement and speed time history analysis of each component of 
the inner ring mass eccentric bearing 
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Fig2.Center track curve of inner ring of rolling bearing with different eccentric mass 

 
(a).X displacement velocity curve of inner ring node of rolling bearing with different eccentric 

mass 

 
(b).X displacement velocity curve of rolling body segment of rolling bearing with different 

eccentric mass 
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(c).X displacement velocity curve of cage joints of rolling bearing with different eccentric mass 

 
Fig3.Displacement curve in X direction of raceway node of outer ring of rolling bearing with 

different eccentric mass 

It can be seen that the center trajectory of the rolling bearing changes with the increase of 
eccentric mass. The larger the mass is, the larger the displacement trajectory range of the center 
of the inner ring, and the larger the displacement vibration amplitude of the inner ring of the 
rolling bearing. 

By analyzing the displacement curves of each component of the mass eccentric rolling bearing 
in Fig.3, it can be seen that the inner ring and cage node of the mass eccentric bearing basically 
coincide with the inner ring and cage node of the healthy bearing in the X direction, showing 
the same periodic change, indicating that the displacement of the inner ring and cage in the X 
direction during operation is little affected by the mass eccentric. The displacement change of 
rolling node in X direction is much greater than that of inner ring and cage. It can be seen from 
the speed curve that the X direction velocity of the node on the inner ring basically coincides 
with that of the healthy bearing inner ring node. When the inner ring node rotates to the 
farthest point in the X direction, the speed curve of the inner ring node fluctuates. According to 
the contact relationship between the internal components of the bearing, the speed of the 
rolling element and the cage also changes. 
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  (a)                                                                 (b) 

       
 (c)                                                                    (d) 

Fig4.Equivalent stress cloud diagram of mass eccentric rolling bearing at the same speed and 
different time 

   
Fig5. Comparison of average maximum equivalent stress of rolling bearing at the same speed 

It can be seen from Fig4 that the bearing area of the bearing with mass eccentric fault at 
different times is similar to that of the healthy bearing, both of which are below the bearing. 
Different from the equivalent stress distribution of the healthy bearing, the bearing has a 
phenomenon of stress concentration at the mass point of the inner ring during the running 
process, which is more obvious in Fig.4(a). The maximum value of the equivalent stress occurs 
in the contact area between the rolling element and the inner ring. The number of rolling 
elements in the bearing zone changes with the rotation of the inner ring, and the number of 
rolling elements in the bearing zone is 4 to 5. 

As shown in Figure 5, when the mass point is rotated five times to the bottom of the inner ring, 
the average maximum equivalent stress of the healthy rolling bearing is 669.09MPa; When the 
mass eccentricity is 0.1g, the average maximum equivalent stress of rolling bearing is 
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670.51MPa. When the mass eccentricity is 1g, the average maximum equivalent stress of the 
rolling bearing is 671.35MPa. When the mass eccentricity is 10g, the average maximum 
equivalent stress of the rolling bearing is 672.95MPa. The equivalent stress of rolling bearing 
increases with the increase of eccentric mass. 

3. Effect of rotational speed on mass eccentric fault bearing 

In order to achieve more accurate results, the eccentric mass is 10g, the external load is 
Q=1000N, and only the bearing speed is changed, which is divided into the following cases: the 
speed is 3000rpm, 4000rpm, 6000rpm. 

(1) Displacement and speed time history analysis of mass eccentric rolling bearing components 
at different speeds 

In order to obtain accurate steady-state simulation data within a limited time, the simulation 
results of a model with rotational speed of 3000rpm, 4000rpm, 6000rpm, mass of 10g and 
external load of 1000N were selected for analysis. 

As can be seen from Fig 6. center track of mass eccentric bearing inner ring, with the increase 
of rotational speed, the range of center motion track of bearing inner ring also increases 
correspondingly, gradually showing an irregular circular region. When the rotation speed is 
6000rpm, the orbit of the center of the circle shows an oblate circle. 

 
Fig6. Orbit curve of mass eccentric bearing inner ring at different speed 

From Fig.7(a) to (c) displacement curves, it can be seen that under the same eccentric mass, 
different rotational speeds have little influence on the displacement of the bearing inner ring, 
rolling element and cage in the X direction. The displacement curve of the three bearings in the 
X direction is the same as that of normal rolling bearings, showing periodic changes, and the 
displacement period also decreases with the increase of rotational speed. The period of the 
velocity curve and the displacement curve in the X direction of the inner ring and the cage node 
is close to that of the inner ring. When the velocity reaches the maximum, the displacement also 
reaches the maximum. It can be seen from the speed curve that under different speed, the speed 
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trend on each bearing component is the same as that in the upper section, and the maximum 
node speed on the inner ring is the largest, followed by the rolling node speed, and finally the 
cage speed is the smallest. 

 
(a) Displacement and velocity curve of mass eccentric bearing inner ring node in X direction at 

different speed 

 
(b)Displacement and velocity curve of mass eccentric bearing rolling node in X direction at 

different speed 

 

 
(c)Displacement and velocity curve of mass eccentric bearing cage node in X direction at 

different speed 
Fig7.Displacement velocity curve in X direction of nodes of mass eccentric rolling bearing at 

different speed 

As can be seen from Figure 8, the X-direction displacement of node 9328 in the outer ring 
presents a periodic change, and with the increase of rotational speed, the maximum 
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displacement in the X-direction will also increase. The speed of the outer ring node in the X 
direction also increases with the increase of the rotational speed. 

 
Fig8.Comparison of displacement velocity in X direction of mass eccentric outer ring No. 9328 

node under different rotation speeds 

4.  Conclusion 

In this chapter, finite element models of geometric eccentric and mass eccentric rolling bearings 
are established, dynamic simulation is carried out for these two kinds of faulty bearings, and 
the law of equivalent stress, displacement and velocity change of each component of eccentric 
rolling bearings is analyzed, and the following conclusions are obtained: 

In the case of mass eccentric fault bearings, the same speed and different eccentric mass, the 
centrifugal force generated by the inner ring of the rolling bearing makes the contact force 
between the rolling body and the outer ring raceway different. When the mass point on the 
inner ring moves below the center of the inner ring, under the action of centrifugal force, the 
contact force between the rolling element in the bearing zone and the raceway will slightly 
increase with the increase of eccentric mass. When the mass point on the inner ring moves 
above the center of the inner ring, the contact force between the rolling element in the bearing 
zone and the raceway will decrease slightly with the increase of the eccentric mass. 

At different speeds, in bearings with the same eccentric mass, when the rolling body is in the 
bearing area and the mass is just below the center of the inner circle, the peak value of the 
contact force on the same rolling body increases with the increase of the rotating speed; When 
the rolling body is in the bearing area and the mass is just above the center of the inner circle, 
the peak value of the contact force on the same rolling body decreases slightly with the increase 
of the rotational speed. The equivalent stress distribution of mass eccentric fault bearings is 
similar to that of healthy bearings and does not change with the rotation of the inner ring. The 
faster the speed, the greater the various effects of mass eccentricity on the bearing 
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