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Abstract 
Bearing failure will affect the operation of the overall mechanical system, researchers 
have also done a lot of work around the faulted bearing modeling. This paper 
summarizes the recent faulted modeling of rolling bearings from many aspects, such as 
analytical model, multi-body model, finite element model and so on. In the end of the 
article, the future work is prospected in the field of bearing modeling. 
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1. Introduction 

Rolling element bearings (REBs) play a very important role in all kinds of rotating machinery, such 
as ship, aviation, aerospace, wind power generation, etc. The failure of the bearing system leads to 
the abnormal operation of the whole mechanical system, and even leads to disaster. For example, the 
design life of a certain type of marine gas turbine rolling bearing is more than 20000h, but it breaks 
down suddenly when it is actually running for 400h, which leads to the shutdown of the whole gas 
turbine. Fault detection and diagnosis is very important for quality inspection and condition 
monitoring of rolling bearings. In reality, it is impossible to carry out a full-type test of the bearing 
because it includes a large number of design changes and adjustment of operating parameters. The 
established bearing model plays an important role in the bearing design stage, because the testing of 
it can reduce the testing cost and time. 

Vibration method is widely used in rolling bearing fault detection and diagnosis, including spectrum 
analysis, spectral kurtosis method, wavelet method, empirical mode decomposition, local mean 
decomposition, data-driven methods and so on [1-6]. Dynamic modeling and simulation method is a 
comprehensive and accurate method, which can predict the vibration characteristics of rolling 
bearings under various faults and help guide the application of detection and diagnosis. 

In the field of bearing modeling, people mainly focus on the accuracy and reliability of modeling, in 
order to make the model reflect the actual changes of some characteristics of the bearing system more 
comprehensively as far as possible. In 1984, McFadden et al. [7] may be the first to put forward a 
vibration response model to simulate the local single point fault of rolling bearing inner ring under 
constant radial load. This model does not consider the bearing physical parameters, but only simulates 
the pulse signal produced by the fault bearing operation under constant cycle. In 2002, Feng et al. [8] 
may be the first to use nonlinear dynamic model to simulate the vibration response of local defects of 
rolling bearings, which takes into account the bearing geometry, contact conditions and degrees of 
freedom of structural components. In 2012, Li et al. [9] may be the first to use display dynamics finite 
element analysis software for modeling and analysis of outer ring fault bearings, which can refine the 
contact surface. however, it is necessary to carefully consider the setting of the flexible body, the 
material and working conditions of the parts, the coordination of the parts and other parameters. Due 
to the complex coupling relationship between each part (rolling body, cage, internal and external 
raceway), it is very difficult to establish a high-precision overall model. 
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In the past few decades, scholars in the bearing modeling field have put forward many methods with 
different consequences; similarly, some researchers have written some excellent reviews [10-13]. 
Based on the previous work, this paper collates the recent work report on fault bearing model 
modeling, and summarizes and updates the work from the perspectives of numerical model, analytical 
model, multi-body model, finite element model and multi-model coupling. In particular, more details 
are provided on the advantages and disadvantages of these methods. 

2. Analytical Model 

In analytical model, the motion differential equation and contact equation of the rolling bearing are 
established and calculated in the numerical calculation software to solve the motion and vibration 
characteristics of the bearing. 

Zhang and Lv [14] established a nonlinear vibration model of bearing with 5 degrees of freedom, and 
according to the relationship between the ball size and the defect size, the defects were divided into 
five types as shown in Figure 1. By analyzing the motion of the ball in the bearing raceway, the 
piecewise function of the contact depth between the rolling resistance and the defect was further 
defined, the effective contact depth under different degrees of pitting failure and the nonlinear contact 
force were calculated. Then it was substituted into the dynamic model of bearing vibration, and the 
displacement response was calculated. Finally, the second derivative was calculated as the vibration 
acceleration. The whole dynamic equation was solved by MATLAB, and the outer ring fault 
experiment was carried out through the bearing test bench of type 6307 deep groove ball bearing. The 
experimental signal was compared with the simulation signal to verify the effectiveness of the model. 

 

 
Figure 1. Five defects of different sizes and shapes [14] 

 

Cao [15] established the gear-bearing coupling dynamic model of the transmission system with gear 
crack fault by using the lumped parameter method, in which the bearing time-varying stiffness model 
was simplified according to Hertz contact theory. the time-varying meshing stiffness of the gear was 
calculated according to the energy method, and the dynamic equation of the transmission system was 
solved by using the structural parameters of bearing 6206Z, and the vibration response of crack fault 
was analyzed in detail. Finally, the correctness of the simulation model was verified by bench test. 

Zhang and Wu [16] in order to analyze the influence of the surface characteristics of bearing 
components on bearing vibration, the bearing system was simplified to a mechanical model. On the 
premise of regarding all bearing parts as rigid contact, ignoring the axial displacement and skew of 
the bearing system, only aiming at the vibration on the radial plane, and regarding the support effect 
of the bearing outer ring as damping and stiffness, a bearing linear vibration model with two degrees 
of freedom was established according to the Lagrange equation, for the bearing system which needs 
to consider the eccentric mass of the shaft or the surface characteristics of the bearing. The proposed 
model can provide theoretical support for the study of vibration and noise. 

Liu et al. [17] take the crack in the inner ring of rolling bearing as the research object, combined with 
the calculation model of time-varying stiffness and time-varying displacement of normal raceway, 
the time-varying stiffness and time-varying displacement model of crack position, and the impact 



International Core Journal of Engineering Volume 8 Issue 3, 2022
ISSN: 2414-1895 DOI: 10.6919/ICJE.202203_8(3).0008

 

42 

excitation model at crack, a six-degree-of-freedom vibration model of bearing-housing system was 
established. The numerical simulation was carried out through the given bearing geometric structure 
parameters, and the measured fault signal was collected combined with the bearing fault simulation 
test bench, which uses EDM to process local grooves in the bearing inner ring to simulate the inner 
ring fault. Finally, the experimental results and simulation results are compared and analyzed to prove 
the accuracy of the model. 

Wang et al. [18] take the SKF6205 deep groove ball bearing as the research object, established a 4-
degree-of-freedom compound fault model of the deep groove ball bearing-housing system, assumes 
that the model was a rectangular pit on the inner and outer raceway during dynamic modeling, and 
compares the experimental data with the simulation data by using the experimental data of the 
Western Reserve University and the fault simulation test bench, which simulated the spalling fault by 
EDM to pit on the inner and outer rings of the rolling bearing. In the data processing, the Protrugram 
method was used to demodulate the envelope of the vibration signal, and the time domain and 
frequency domain diagrams of the fault signal are extracted. In this paper, the reliability of the model 
was verified from three cases: inner ring single point fault, outer ring single point fault and inner ring 
single point compound fault. finally, the model was used to analyze the fluctuation trend of bearing 
vibration characteristics of compound fault under the change of defect size, rotational speed and load. 

Li Zhen et al. [19] in order to obtain the internal load distribution and fatigue life of the actual bearing, 
a quasi-static analysis model based on coordinate vector operation and rotation matrix was proposed. 
Based on the analysis of the geometric structure parameters of a 3MW wind power main bearing, the 
variation of the overturning moment on the internal and external raceway of the bearing under the 
limit load condition was calculated, and the fatigue life curve of the bearing increases at first and then 
decreases when the axial clearance is -0.25 ~ 0.25mm. 

Shah and Patel [20] established a real dynamic model of deep groove ball bearing, which can simulate 
and analyze the vibration response of the bearing with ripple on the raceway surface. The factors such 
as rotating shaft, raceway, rolling body, bearing housing, raceway waviness, contact stiffness, 
lubrication damping and so on were comprehensively considered in the modeling process. A large 
number of comparative experiments are carried out on the test-bed with SKF BB1B420206 deep 
groove ball bearings, and it was proved that there was a correlation between the calculation results of 
the theoretical model and the experimental results. 

Patel et al. [21] established a dynamic model for deep groove ball bearings with multiple defects on 
the raceway surface. The dynamic model couples contact deformation, stiffness, damping and motion 
control equations together, and the vibration response of the system can be calculated by MATLAB. 
Combined with the experimental platform with SKF BB1B420205 deep groove ball bearing, the 
amplitude and defect frequency of experimental vibration signal and model vibration velocity are 
analyzed from four angles: one defect in inner raceway, two defects in inner raceway, one defect in 
outer raceway and two defects in outer raceway. It was found that the amplitudes of both defects are 
greater than those of a single defect. 

Shaikh and Kulkarni [22] established a theoretical model of a two-degree-of-freedom system, which 
takes into account the extended defect modeling after the local defect increases. Combined with the 
bearing structure parameters, the frequency spectrum of the vibration acceleration response of the 
defective bearing can be calculated by using MATLAB software. The results show that the vibration 
amplitude increases with the increase of rotational speed or defect size. However, due to the over-
simplification of the real system, the model can not predict the actual vibration amplitude. 

Jiang et al. [23] established a dynamic model of defective bearing based on the three-dimensional 
geometric relationship between rolling body and defect region, divided different contact forms 
between rolling body and defect region, studied the influence of defect size on contact form, and 
quantified the relationship between defect size and vibration response of bearing system . Taking the 
deep groove ball bearing 6205 as the research object, the bench experiment was carried out. Three 
kinds of rectangular grooves are machined on the surface of the outer raceway by spark to simulate 
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the local damage, and the simulation model was calculated in MATLAB to solve the vibration 
response. Through the frequency spectrum analysis of the simulation data and the measured data, it 
was found that the double pulse phenomenon appears in both time domain and frequency domain 
distribution. And the impact response of the rolling body leaving the defect area was larger than that 
of entering the defect area. 

3. Multibody Model and Finite Element Model 

In this model, two-dimensional or three-dimensional geometric models are established, and their 
motion and vibration characteristics are analyzed in finite element analysis software and multi-body 
dynamics simulation software. With the development of computer technology, more and more 
scholars tend to use more mature software system to establish the fault model of rolling bearing and 
carry out more detailed and accurate dynamic behavior of fault bearing. 

Hou [24] by establishing the three-dimensional model of NSK NF204EM cylindrical roller bearing 
and softening the cage, the rigid-flexible coupling dynamics simulation was carried out by ADAMS 
software. Through the bearing test with cage crack fault, the correctness of the simulation model was 
verified, and the unique relationship between cage crack and vibration signal was summarized. 

Ma et al. [25] established a two-dimensional explicit finite element model through ANSYS/LS-
DYNA, which was modeled on two kinds of cylindrical roller bearings N205EM and NU205EM, and 
set the vacancy of circumferential rectangle in the inner and outer raceway to simulate the fault of 
through groove spalling. After the simulation, comparing the simulation data with the test data, it was 
found that the established fault model can accurately simulate the vibration characteristics of the 
rolling bearing in the case of inner ring and outer ring fault. combined with the model, the vibration 
response of rolling bearing was studied in detail with the change of the angle between the center of 
the fault area. 

Zhang et al. [26] regarded all parts of the bearing system as rigid bodies, and established a shaft-
bearing-base model, and the bearing used was SKF624. By adjusting the radial clearance of the 
bearing model, the simulation of different degrees of wear state of rolling bearings was realized, and 
the simulation results of vibration acceleration are extracted at the axis position, and the simulation 
data are imported into MATLAB to calculate and sort out the changes of the characteristic parameters 
of the simulation data in time domain and frequency domain. Finally, through the bearing life cycle 
test, the vibration signal data collected in the test are extracted and analyzed. Through the comparative 
analysis of the test data and simulation data, it was proved that the research results of the vibration 
characteristics of the Adams simulation model have a certain practical reference significance for the 
study of vibration characteristics and fault diagnosis of the actual system. 

Yan et al. [27] established a simplified two-dimensional model according to the structural parameters 
of a bearing, and completed the dynamic simulation analysis in ABAQUS, such as modeling, material 
setting, contact setting and so on. In the model, all the parts of the bearing are elastic materials, and 
the local defect was defined as the rectangle with long 5mm and deep 0.2mm at the bottom of the 
outer ring raceway. The established models of local defective bearing and non-defective bearing are 
simulated and analyzed under four angles: stress cloud diagram, acceleration signal curve, contact 
stress cloud diagram and inner ring coupling point displacement, and the data obtained are collated 
and summarized. 

Qiu [28] established the dynamic simulation model on the Work Bench platform according to the 
geometric parameters of SKF6208 deep groove ball bearing, and carried out the overall modal 
analysis under the action of free mode and actual constraints, as well as the modal analysis of each 
component. The analysis results show that when the bearing was constrained, the natural frequency 
was higher and the critical speed was higher, that is, the dynamic characteristic of the bearing was 
better under normal working conditions. the modal frequency of the cage was lower than the 
fundamental frequency of other parts of the bearing (ball, inner ring, outer ring), and the dynamic 
stability was not strong, so it can be used as the first improved object to optimize the bearing system. 
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Feng et al. [29] in order to study the dynamic characteristics of the bearing cage, the geometric 
parameters of the 7005AC angular contact bearing are used to generate a three-dimensional model 
file in SOLIDWORKS, and then the finite element modeling analysis was carried out by ABAQUS. 
The varying rotational speed and load are applied in the simulation process, and the changes of the 
two dynamic characteristics of the deviation ratio between the centroid trajectory and the swirling 
velocity of the bearing cage are studied. 

He [30] used SOLIDWORKS to build three-dimensional model of cylindrical roller bearing NU208E, 
and imported the model file into Work Bench platform to establish finite element mesh model, and 
analyzed the distribution characteristics of contact stress, strain and mode of bearing parts under 
ultimate working conditions. 

This kind of research simplifies the complex process of calculation and reasoning, but many 
parameters need to be defined, such as material properties, damping coefficient, friction coefficient 
and so on, in order to simulate the vibration response of fault bearing more accurately and reliably. 

4. Multi-model Coupling 

The finite element model often only uses the friction coefficient instead of lubrication, so it can only 
simplify the simulation of the actual situation, but if combined with other methods, such as the 
introduction of contact equation, it can more truly simulate the actual operating conditions. the 
bearing performance shown will also be more reliable and accurate. 

In order to improve the accuracy of the simulation results of the bearing model, Mishra et al. [31] 
established three kinds of models: (1) the five-degree-of-freedom model based on MATLAB, which 
was a two-dimensional planar bearing model, in which preload, ball contact deformation and local 
fault were taken into account, while the influence of traction force was ignored; (2) the bond graph 
model developed by SYMBOLS, this model was also a two-dimensional plane bearing model, which 
also include all the factors in the first case, and the effects of shaft imbalance, cage dynamics, traction 
and other factors were also taken into account; (3) the multi-body dynamics model established by 
ADAMS, the model was a three-dimensional multi-body combination simulation model, in which 
bearings, shafts and rotors were combined to form a relatively complete rotor system, and the 
influence factors such as traction force, contact stiffness, damping and bearing defects between 
components were added, and the simulation results were transmitted to MATLAB for analysis. The 
three models are verified by the experimental platform, and it is concluded that the signal spectrum 
generated by the multi-body model based on Adams is closer to the actual spectrum of the real rotor 
bearing system, can better simulate the bearing fault scenario of complex mechanisms, and can be 
used as an effective bearing fault data generator. And the researchers believe that with the easy 
construction of the fault bearing three-dimensional model, this method will have a good development 
prospect. 

Ashtekar and Sadeghi [32] proposed a new contact algorithm, which couples the discrete element 
model (inner ring, outer ring, ball) of rolling bearing components with the display finite element 
model of cage for analysis. At each simulation time step, the discrete element model interacts with 
the finite element model. This paper analyzes and studies the influence of the high-speed rotation of 
the cage on the strain stress, the influence of the misalignment of the axis, the life prediction of the 
cage and so on. 

5. Conclusion and Outlook 

From the above, it can be found that there is a relationship between complexity and simulation 
accuracy among many bearing fault models. And because each model focuses on different directions, 
coupling simulation of the model will gradually become a new trend. With the development of 
computer technology, the simulation model is becoming more and more complex, and the analysis 
results are closer to reality. The prospect of fault bearing modeling technology in the future is as 
follows: 
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(1) For analytical model, the model needs to be more complex and rigorous, so this is going to be a 
trend that try to take more fluid-solid-thermal coupling factors into account to make the simulation 
results more accurate. 

(2) At present, in most studies of finite element model, the flexible modeling of the cage is more 
considered, but the other bearing parts are still regarded as rigid bodies, so it can be considered to 
further model the ball and internal and external raceways into flexible bodies. the introduction of 
more deformation should make the simulation characteristics more valuable. 

(3) With the improvement of computer computing power, multi-mode coupling is also coming into 
people's field of vision. By correlating different professional platforms, configuring and solving the 
changes of environmental parameters of bearing system, it will be able to achieve more real and faster 
fault bearing simulation calculation. 
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