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Abstract. 

In order to conduct the thorough research to the aero-engine, 

aiming at dual rotor-bearing system of practical aero-engine, 

a new dual rotor-ball bearing-stator coupling system 

dynamic model is established. stator motion, the flexible 

support, squeeze film damper（SDF）were considered in the 

model, meanwhile the nonlinear factors of ball bearing such 

as clearance of bearing, nonlinear Hertzian contract force 

between balls and races, and the varying compliance 

vibration because of periodical variety of the support 

stiffness were fully considered. On this basis, established the 

rolling bearing inner ring damage dynamics model in the 

coupling system and he Runge-Kutta method was used to 

simulate and analyze the system, the simulation results 

verify the dynamic character of the coupling dynamic model 

with localized bearing faults and show the model is correct 

and effective. 

1 Introduction 

Rolling bearing plays a very important role in the rotating 

system. It is one of the most commonly used and most easily 

damaged parts in rotating machinery，It is important to find 

out the early fault of bearing in time. However, the research 

on fault diagnosis of bearings at home and abroad mainly 

focuses on the research of fault diagnosis methods[1,2], 

Therefore, in order to carry out the fault diagnosis of rolling 

bearing more effectively, it is necessary to study the 

vibration characteristics of rolling bearing. Kankar[3] 

established the fault characterization model of rolling inner 

and outer ring by increasing the amount of clearance, and 

study the local fault modeling method based on 

displacement excitation. Dong Yabin[4]etc established a 

rolling bearing model which considers the width, depth and 

load area. Xu Kejun[5]etc Considered the influence of rolling 

through the inner ring fault release deformation and 

established a single rolling bearing inner ring pitting 

corrosion fault model, the defect model was improved. 

However, the bearing is only the supporting part of the rotor 

system,The vibration signal collected by the sensor is a set 

of vibration response of the whole rotor system, and the 

operating environment is more complex than the boundary 

condition of the bearing fault dynamics modeling.Therefore, 

it is of great significance to analysis the dynamic 

characteristics depth of the rolling bearing rotor system by 

putting the bearing in the rotor system for the study of the 

actual working conditions and the follow-up application of 

the bearing fault diagnosis. 

2 Dynamic model of dual rotor rolling bearing 

coupling system of engine 

Fig.1 is a double rotor rolling bearing box coupling dynamic 

model. The two ends of the high pressure rotor and the low 

pressure rotor are respectively supported by 2 identical 

rolling bearings. In the coupled model, considering the rotor 

in initial forced vibration under unbalance, and because of 

the change of stiffness of bearing vibration of flexible VC, 

in the coupling system, each component interaction, mutual 

coupling, considering the elastic support between the 

bearing outer ring and bearing seat and squeeze oil film 

damper and its excitation machine casing vibration. the mass 

of the casing is 
cm , 1rpm 、 2rpm  are the mass of high 

voltage rotor and low pressure rotor turntable respectively; 

1bLm 、
1bRm  are the mass of bearing housings at left and 

right ends；
1rLm 、

1rRm  are the mass of the left and right 

ends of the high pressure rotor；
2rLm 、

2rRm  are the mass 

of the left and right ends of the LP rotor respectively；

1wLm 、 1wRm  are supporting bearing outer ring mass of left 

and right ends； 2wLm 、 2wRm are intermediate bearing outer 

ring mass of left and right ends；
1k 、

1c 、
1rbc are the 

stiffness of the high pressure shaft、the damping of the rotor 

at the disc、the damping at both ends of bearing； 2k 、

2c 、
2rbc are the stiffness of the low pressure shaft、the 
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damping of the rotor at the disc、the damping at both ends 

of bearing；
1tRHk 、

1tRVk are transverse and vertical stiffness 

of elastic support between the right support bearing outer 

ring and right bearing bracket；
1tLHk 、

1tLVk are transverse 

and vertical stiffness of elastic support between the left 

support bearing outer ring and left bearing bracket； 1fRHk 、

1fRVk  are the lateral and vertical elastic support stiffness 

between the right bearing seat and the casing； 1fLHk 、 1fLVk  

are the lateral and vertical elastic support stiffness between 

the left bearing seat and the casing；
cHk 、

cVk were the 

transverse and vertical elastic support stiffness between the 

casing and the foundation; 
1tLHc and

1tLVc were transverse 

and vertical bearing to squeeze film damping between the 

left support bearing outer ring and left bearing bracket; 

1tRHc  and 
1tRVc were transverse and vertical bearing to 

squeeze film damping between the right support bearing 

outer ring and right bearing bracket; 1fRHc 、

1fRVc , 1fLHc and 1fLVc were the transverse and vertical squeeze 

film damping between the casing and the left bearing seat; 

1fRHc and 1fRVc are the transverse and vertical squeeze film 

damping between the casing and the right bearing seat；

cHc 、
cVc are the transverse and vertical to squeeze film 

damping between the casing and the foundation；
1e 、

2e  

are mass eccentricity of high and low pressure rotor at the 

disk； 1 、
2  are speed of high and low pressure rotor. 

1xbLF and 1ybLF  are respectively the x  and y  forces 

acting on the left end of the supporting bearing on the shaft, 

1xbRF  and 1ybRF  are respectively the x  and y  forces 

acting on the right end of the supporting bearing. The 

differential equations of the system can be obtained by 

Newton's second law: 
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3 Rolling bearing force model 

The rolling bearing is composed of an inner ring, an outer 

ring, a rolling body and a retainer. In this paper, the bearing 

outer ring is fixed on the bearing seat, and the inner ring is 

fixed on the rotating shaft, as shown in Fig.2. 

 
Fig.2.Ball bearing model 

 

The ball in the bearing is arranged between the inner 

and the outer raceway, and the ball is pure rolling. 

Reference[6], the rolling bearing can be obtained as: 
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(2) 

The
bC is Hertz contact stiffness that is related to the material 

and shape of the contact, ( )H  is the heaviside function，

When the function variable is greater than 0, the function 

value is 1 Otherwise it is 0.
0 is initial clearance for rolling 

bearing, 
D is the gap caused by local damage of bearing, 

j is the angular position of the Jth ball. 

 
2

1j Cage t j
Z


     ，  1,2, ,j Z . Cage is cage 

rotation speed。Assuming the radius of outer raceway is 

R ， radius of inner raceway is r ， there is 

Cage

r

R r








，VC is the frequency of ball passing，so, 

N

r
Z Z B

R r
 

 
     

 
，

NB is the ratio of VC 

frequency to rotation frequency， N

r
B Z

R r
 


， Z  is 

the number of balls。 

Thus, the bearing force produced by the bearing can be 

obtained in the double rotor dynamic modelis :  

1）when 
1 1rR wRx x x  ，

1 1rR wRy y y  ，
1  ；then 

1xbR xF F ，
1ybR yF F  

2）when 
1 1rL wLx x x  ，

1 1rL wLy y y  ，
1  ；then 

1xbL xF F ，
1ybL yF F  

The bearing force produced by the intermediate bearing is

（assuming that the high and low pressure rotors rotate in 

the same direction and 
1 2  ） 

1）when 
2 1rR rRx x x  ，

2 1rR rRy y y  ，
1 2    ；

then 
2xbR xF F ，

2ybR yF F  

2）when 
2 1rL rLx x x  ，

2 1rL rLy y y  ，
1 2    ；  

then 
2xbL xF F ，

2ybL yF F  

4 The fault of rolling bearing inner ring  

ir

br

i

 

0hh

DL

diC
drC

 
(a) Schematic diagram of 

inner fault 

(b) Fault enlargement 

Fig.3.Fault bearing inner ring 

 

As can be seen from Fig.3，Defect depth is usually defined 

as 
0h ，However, due to the fact that the inner ring can not 

be a complete rigid body in actual contact, it will also 

produce deformation，Due to ignoring the deformation of 

the inner ring, 
0h  can not fully represent the severity of the 

inner ring fault. Depth should be 
0h  and the inner ring 

shaped variable 
diC addition, that is h  shown in the 

diagram. It is assumed that the gap is 
D ，When the 

rolling body through the inner defect and contact with the 

bottom of the defect, the maximum release is 
maxD equals 

to h . When the rolling body passes through the inner defect 

but does not touch the bottom of the defect, the maximum 

deformation is maxD dr diC C   . Can be obtained by 

schematic diagram： 

 
22 / 2dr b b DC r r L   ; 

Advances in Computer Science Research, volume 62

581
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The maximum number of variables that roll out through the 

outer ring: 
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Next, to determine the condition of bearing clearance change 

caused by damage，Set the position angle of the jth ball is 

j ,  2 1 /j Cage t j Z       .The location of the fault 

center at the initial time is 
in ， The angle position of the t 

moment defect is located in 
in ,

1in int     ，Defect 

angle size is 
i  ,and  2arcsin /i D inL D  ，

inD is outer 

diameter。Because only in the damaged area (namely the 

ball rolling body position in the center of the fault angle) 

occurs, therefore, in the rolling body rotation range, bearing 

clearance change conditions can be expressed as: 

/ 2 / 2in i j in i         then: 

 
max

0 [ ]mod(2 ) / 2

0

D

D j in i



    




   



. 

In the calculation of dynamics, put the change of bearing 

clearance can be into the formula (2). 

5 Simulation analysis of rolling bearing fault 

5.1 Calculation parameters 

In this paper, with reference to the actual aero-engine dual 

rotor model [7], the initial parameters of the double rotor 

system are selected as follows: 
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Select JIS6306 and SKF6002 rolling bearings in literature[7]. 

As the support bearing system and intermediary bearing, its 

parameters are shown in Table I:  

 

 

 

 

Bearing 

name 

Outer 

radius 

Inner 

radius 

Number 

of ball 

Contact  

stiffness 

Bearing 

clearance 
BN  

/R mm  /r mm  Z  
9 3/ 2/10 ( / )bC N m  0 /r m  

JIS6306 63.9 40.1 8 13.34 5 3.08 

SKF6002 14.13 9.37 9 7.055 2 3.6 

 

Table.I Bearing parameters 

 

5.2 Inner fault response 

Inner damage width 
DL =0.3mm ， depth of damage 

0h =2.5mm, rotor speed is 30r/s, and 
rf =30Hz，The 

characteristic frequency of inner ring damage can be 

calculated: 4.9154 4.9154 30 148in rf f     Hz， Inner 

fault period 1/ 0.0068in inT f  s. The numerical 

simulation of the bearing failure equation of the system is 

carried out, and the simulation results of the inner fault 

bearing fault are shown.  

 

 As can be seen from the (b), when there is a defect in the 

inner ring, the bearing seat will have a significant impact 

response, the vibration speed will suddenly increase, after 

the impact, the system will produce a series of attenuation 

vibration, The impact period is 0.033s. (c) for its full 

spectrum, we can see that in the vicinity of the frequency of 

two 2000Hz resonance peak, the edge of the band spacing of 

148Hz (about 1/0.0068), (d) for the amplification of high 

frequency spectrum, 1887, 2035 of the difference in the 

figure is exactly the value of the internal frequency inf , that 

is the characteristic frequency of single point damage. In 

addition, due to the inner fault position continuously with 

bearing rotation and change, so the inner fault impact will be 

modulated by the rotational frequency, for the existence of 
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interval is equal to the frequency in the inner ring around the 

axis (30Hz) of the line, such as 1857HZ, 1887HZ. The [8] 

pointed out that There is a gradual decrease in the frequency 

spectrum of the inner ring damage at each order frequency 

of the inner fault frequency and centered on the order 

frequency,on both sides of the line with a frequency of 

rotation. Therefore, the results of this paper are in agreement 

with the conclusion, which verifies the correctness of the 

model.  

6 Conclusion 

according to the actual dual rotor system of aero-engine, a 

two rotor bearing bearing shell coupling system is 

established. In consideration of the bearing clearance, 

nonlinear Hertzian contact force and the vibration of VC at 

the same time, considering the casing movement, elastic 

support and squeeze film damper. The numerical integration 

method is used to simulate and verify. 

 

the damage dynamic model of bearing inner ring on the 

basis of the model of the coupled system. In the research of 

the bearing fault, the vibration of the rotor system and the 

casing is fully taken into account, which is more in line with 

the objective reality. The "Local first and then whole" ideas 

on the fault model for dynamic simulation, through 

calculation and analysis to verify the correctness of the 

rolling bearing damage dynamics model proposed in this 

paper and the dual rotor ball bearing stator coupling system - 

machine. 
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Fig.1.The whole model for aero-engine 
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Fig.4. Inner ring fault response 
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