
Vol.:(0123456789)1 3

Journal of the Brazilian Society of Mechanical Sciences and Engineering (2022) 44:332 
https://doi.org/10.1007/s40430-022-03642-4

TECHNICAL PAPER

Analytical investigation on dynamic characteristics of cylindrical roller 
bearing‑pedestal system under different working conditions

Fanjie Li1 · Xiaopeng Li1  · Jing Su1 · Dongyang Shang1

Received: 6 January 2022 / Accepted: 20 June 2022 / Published online: 12 July 2022 
© The Author(s), under exclusive licence to The Brazilian Society of Mechanical Sciences and Engineering 2022

Abstract
The performance improvement of the aeroengine is limited by the dynamic behavior of the cylindrical roller bearing-pedestal 
system. To analyze the dynamic characteristics of the cylindrical roller bearing-pedestal system under different working 
conditions, a new dynamic model of the cylindrical roller bearing-pedestal system is proposed. The sliding friction, Hertz 
contact, and time-varying load are considered in the model. By comparing the simulation results with the measured results, 
the effectiveness of the dynamic model is verified. The dynamic characteristics of the system under extreme gravity condi-
tions are explored, the sensitivity of the bearing-pedestal system to load and rotational speed is studied, and the variation 
law of system dynamic response with mass is discussed. The results indicate that both weightlessness and overweight will 
worsen the dynamic response of the system, the slip rate of the bearing roller and cage is more sensitive to the rotational 
speed than load, and the stability of the system is improved with the increase in mass. The study can provide a theoretical 
reference for the optimal design of the bearing-pedestal system.
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1 Introduction

Bearing is widely used in rotating machinery because of its 
unique advantages in the transmission process [1, 2]. The 
measurement and analysis of the dynamic response of the 
bearing-pedestal system are helpful to realize the monitoring 
and diagnosis of the system state signals [3, 4]. At the same 
time, the measurement and analysis of the system's dynamic 
response are helpful to avoid heavy economic losses and 
even casualties caused by sudden faults of rotating machin-
ery [5]. Since the vibration signals are generally measured 
by sensors installed on the pedestal [6], the model consid-
ering the coupling between bearing and pedestal is more 
reasonable. The cylindrical roller bearing-pedestal system 
has a very important impact on the performance of an aero-
engine. However, the working environment of aeroengine is 
complex. For example, fighters will repeatedly experience 

extreme gravity conditions such as weightlessness and over-
weight when performing tactical attack and tactical evasion. 
Therefore, the research on cylindrical roller bearing-pedestal 
system has high engineering application value.

Gupta [7, 8] deduced the motion equation of the bearing 
system and analyzed the traction slip relationship in cylin-
drical roller bearing. Leblanc et al. [9] established a plan 
dynamic model to analyze the bearing behavior. Han and 
Chu [10] presented a bearing three-dimensional nonlinear 
dynamic model and analyzed the response of the model 
under composite load. Wen et al. [11] and Han et al. [12] 
established a three degree of freedom dynamic model of 
the bearing cage, and analyzed the motion of the bearing 
cage under rotor unbalance force. Liu et al. [13] proposed 
a dynamic simulation method of locally defective bearing 
and studied the contact mechanical characteristics between 
ball and raceway. Jiang et al. [14] presented a dynamic 
model considering the three-dimensional geometric rela-
tionship of bearing defects and studied the influence of 
defect size on bearing contact form. Cao et al. [15] per-
formed a dynamic model of a bearing-pedestal system 
and studied the influence of fit clearance on the vibration 
characteristics of the system. Shi et al. [16] studied the 
dynamic characteristics of the bearing outer ring and ana-
lyzed the sensitivity of temperature, speed, and load. Liu 
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and Shao [17] proposed an improved bearing model and 
analyzed the influence of defect shape on bearing system 
vibration. Chen et al. [18] studied the characteristics of 
the bearing rotor system subjected to unbalanced force 
and analyzed the law of quasi-periodic motion of the sys-
tem. Li et al. [19] derived the dynamic equations of the 
bearing body system and studied the sliding character-
istics of the bearing body system. Wang et al. [20] pro-
posed an improved nonlinear dynamic model of bearing 
to obtain the contact deformation between the bearing ball 
and raceway more accurately. Tu et al. [21] presented the 
dynamic model of cylindrical roller bearing considering 
slip and analyzed the influence of friction on the dynamic 
response of the bearing. Suryawanshi et al. [22] derived 
the dynamic model of rotor-bearing system considering 
fault angle, speed, and load and analyzed the influence 
of fault size on its vibration response. Chen et al. [23] 
established the kinematics and dynamics model of bearing 
rolling elements under whirl condition and analyzed the 
effects of different external loads, whirl radius, whirl fre-
quency, and other factors on bearing slip. Pinedo-Sanchez 
et al. [24] proposed a new data analysis method to study 
the wear degree of each component of the rolling bearing 
system in the actual operation process. Zhang et al. [25] 
proposed a fractal dimension estimation method; used this 
method to study the fractal characteristics of rolling bear-
ing vibration signals and used the fractal characteristics to 
diagnose rolling bearing faults. Yu and Pan [26] combined 
the intrinsic time scale decomposition with the graphic 
signal processing to extract composite fault signals from 
the aeroengine rolling bearing system.

From the mentioned references above, it indicates that 
many dynamic models of bearing body, vibration response 
of bearing rotor system, signal diagnosis are established and 
analyzed. However, there are few studies on the dynamic 
characteristics of cylindrical roller bearing-pedestal system 
considering sliding friction, Hertz contact, and time-varying 
load under different working conditions. The goal of this 
paper is to establish a dynamic model of a cylindrical roller 
bearing-pedestal system and use the model to analyze the 
effects of extreme gravity conditions, load, rotational speed, 
and mass on its dynamic behavior.

The remainder of this paper is organized as follows. In 
Sect. 2, the force of the cylindrical roller bearing-pedestal 
system is analyzed, and the dynamic model of the cylindri-
cal roller bearing-pedestal system is proposed. In Sect. 3, 
through the rotor experimental bench with a cylindrical 
roller bearing-pedestal system, the simulation result of 
the dynamic model is verified by the experimental result. 
In Sect. 4, the dynamic characteristics of the system under 
extreme gravity conditions are analyzed, the sensitivity of 
the system to load and rotational speed is studied, and the 

influence of mass on the dynamic response of the system 
is discussed. Finally, the conclusions are drawn in Sect. 5.

2  Dynamic model of the system

The simulation calculation of the dynamic model can simu-
late the state of the system in actual operation. To establish 
the dynamic model of the cylindrical roller bearing-pedestal 
system, the structure of the cylindrical roller bearing N205M 
is studied. The structure of the cylindrical roller bearing 
N205M is illustrated in Fig. 1.

As shown in Fig. 1, the cylindrical roller bearing N205M 
contains 13 rollers, and the included angle between two 
adjacent rollers and the origin O is 2π/13 rad. The positive 
directions of x and y are established through the Cartesian 
coordinate system. The included angle between the jth roller 
in the bearing structure and the positive direction of the x 
is defined as βj.

2.1  Force analysis of the dynamic model

Figure 2 shows the dynamic model of the cylindrical roller 
bearing-pedestal system, which is composed of the equiva-
lent dynamic model of the system and the force analysis 
model of the jth roller. The pressure in this paper is actu-
ally the extrusion force of the roller by the raceway or cage, 
which has the same properties as the friction force of the 
roller. According to Newton's third law, the pressure of the 
roller in this paper has the properties of acting force and 
reaction force. Therefore, the pressure in this paper is being 
handled as force.

As shown in Fig. 2a, ri, rm, and ro are the radius of the 
inner race, the pitch radius, and the radius of the outer 
race. �̇�c and �̇�j are the speed of the cylindrical roller bear-
ing cage and the speed of the cylindrical roller bearing 

x

y

O
βj

the jth roller

Fig. 1  Cylindrical roller bearing N205M
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roller. Fa, k, and c are the vertical load, the stiffness of 
the pedestal, and the damping coefficient of the pedestal. 
n is the speed of the shaft. ∆vi

j and ∆vo
j are the velocity 

difference between the inner and outer raceways and the 
bearing roller.

As shown in Fig. 2b, oj is the mass center of the jth 
roller, and mj is the mass of the jth roller. The roller in 
the cylindrical roller bearing N205M operates under the 
action of gravity, centrifugal force, frictions, and pres-
sures. Among them, Fj

m is the centrifugal force. Fj
i, Fj

o, 
Fj

fc, and Fj
rc are the forces of friction on the bearing roller. 

Pj
i, Pj

o, Pj
fc, and Pj

rc are the pressures on the bearing roller. 
�̇�j is the rotation speed of the roller.

2.2  Derivation of system dynamic equations

Based on the established dynamic model of the cylindrical 
roller bearing-pedestal system, the system dynamic equa-
tions are derived. The dynamic equations comprehensively 
consider the factors such as sliding friction, Hertz contact, 
and time-varying load.

The dynamic equation of the roller rotation can be 
expressed as Eq. 1:

where mj is the mass of the jth roller, rr is the radius of the 
roller, �̈�j is the acceleration of the bearing roller rotation, Fjfc 
is the friction between the front cage and the jth roller, Fj

rc is 
the friction between the rear cage and the jth roller, Fj

i is the 
friction between the inner race and the jth roller, and Fj

o is 
the friction between the outer race and the jth roller.

The dynamic equation of the roller revolution can be 
expressed as Eq. 2:

(1)mjr
2
r
�̈�j + Ffc

j
rr + Frc

j
rr − Fi

j
rr − Fo

j
rr = 0

where rm is the pitch radius, �̈�j is the acceleration of the 
roller, g is the gravitational acceleration, and βj is the angle 
between the roller and the positive direction of x. Pj

fc and 
Pj

rc are the pressure of the front cage and the rear cage on 
the roller.

The dynamic equation of the roller along the bearing 
diameter can be expressed as Eq. 3:

where d̈j is the acceleration of the jth roller along the diam-
eter direction, and Fj

m is the centrifugal force. Pj
i and Pj

o 
are the pressure of the inner race and the outer race on the 
jth roller.

The mass mj can be expressed as Eq. 4:

where ρ is the roller density, and l is the length of the roller.
The included angle βj can be calculated by Eq. 5

where �̇�j is the speed of the bearing roller, and t is the run-
ning time.

The centrifugal force Fm
j

 can be calculated by Eq. 6:

The friction Ffc
j

 can be calculated by Eq. 7:

where μc is the friction coefficient of the bearing cage.

(2)mjrm�̈�j − Fi
j
+ Fo

j
+ mjg cos 𝛽j + Pfc

j
− Prc

j
= 0

(3)mjd̈j − Pi
j
+ Po

j
+ mjg sin 𝛽j + Ffc

j
− Frc

j
− Fm

j
= 0

(4)mj = �πr2
r
l

(5)𝛽j =
2𝜋

13
(j − 1) + �̇�jt, j = 1, 2, . . . , 13.

(6)Fm
j
= mjrm�̇�

2
j

(7)Ffc
j
= �cP

fc
j

Fig. 2  Dynamic model of cylin-
drical roller bearing-pedestal 
system
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The pressure Pfc
j

 can be calculated by Eq. 8:

where kc is the stiffness when the bearing cage and the bear-
ing roller are pressed against each other, �c is the angular 
displacement of the bearing cage, and the Heaviside function 
H
(
�j − �c

)
 can be calculated by Eq. 9

The friction Frc
j

 is given by Eq. 10:

The pressure Prc
j

 is given by Eq. 11:

where the Heaviside function H
(
�c −�j

)
 can be calculated 

by Eq. 12)

The friction Fi
j
 can be expressed as Eq. 13

where Δvi
j
 is the velocity difference between the bearing 

inner race and the bearing roller and �i
j
 is the friction coef-

ficient between the bearing inner race and the bearing roller.
The velocity difference Δvi

j
 can be expressed as Eq. 14

where ri is the radius of the inner race.
The coefficient �i

j
 can be calculated by Eq. 15

The pressure Pi
j
 can be expressed as Eq. 16

where ki is the contact stiffness when the inner ring and 
roller are pressed against each other, Γi

j
 is the displacement 

between the roller and inner race, and the Heaviside function 
H
(
Γi
j

)
 can be calculated by Eq. 17:

H
(
Γi
j

)
=

{
1 Γi

j
> 0,

0 Γi
j
≤ 0.

 17.

(8)Pfc
j
= kcrm

(
�j − �c

)
H
(
�j − �c

)

(9)H
(
𝜛j − 𝜑c

)
=

{
1
(
𝜛j − 𝜑c

)
> 0,

0
(
𝜛j − 𝜑c

)
≤ 0.

(10)Frc
j
= �cP

rc
j

(11)Prc
j
= kcrm

(
�c −�j

)
H
(
�c −�j

)

(12)H
(
𝜑c −𝜛j

)
=

{
1
(
𝜑c −𝜛j

)
> 0,

0
(
𝜑c −𝜛j

)
≤ 0.

(13)Fi
j
= −sign

(
Δvi

j

)
�i
j
Pi
j

(14)Δvi
j
=

2πn

60
ri − �̇�jrr − �̇�cri

(15)𝜇i
j
=

⎧⎪⎨⎪⎩

0.04
���Δv

i
j

���
���Δvij

��� < 0.05,

0.002
���Δvij

��� ≥ 0.05.

(16)Pi
j
= ki

(
Γi
j

)10∕9

H
(
Γi
j

)

The displacement Γi
j
 can be calculated by Eq. 18

where xi, yi, and dj are the displacement of the inner race-
way in the x direction, the displacement of the inner race-
way in the y direction, and the displacement of the jth roller 
along the diameter direction.

The friction Fo
j
 can be calculated by Eq. 19

where Δvo
j
 is the velocity difference between the bearing 

outer race and the bearing roller and �o
j
 is the friction coef-

ficient between the outer race and the jth roller.
The velocity difference Δvo

j
 can be expressed as Eq. 20

where ro is the radius of the outer race.
The coefficient �o

j
 is given by Eq. 21

The pressure Po
j
 can be expressed as Eq. 22

where ko is the contact stiffness when the outer ring and 
roller are pressed against each other, Γo

j
 is the displacement 

between the roller and outer race, and the Heaviside function 
H
(
Γo
j

)
 can be calculated by Eq. 23:

The displacement Γo
j
 is given by Eq. 24

The dynamic equation of bearing inner ring can be 
expressed as Eq. 25

(18)Γi
j
= xi cos �j + yi sin �j − dj

(19)Fo
j
= −sign

(
Δvo

j

)
�o
j
Po
j

(20)Δvo
j
= �̇�cro − �̇�jrr

(21)𝜇o
j
=

⎧⎪⎨⎪⎩

0.04
���Δv

o
j

���
���Δvoj

��� < 0.05,

0.002
���Δvoj

��� ≥ 0.05.

(22)Po
j
= ko

(
Γo
j

)10∕9

H
(
Γo
j

)

(23)H
(
Γo
j

)
=

{
1 Γo

j
> 0,

0 Γo
j
≤ 0.

(24)Γo
j
= dj

(25)

⎧⎪⎪⎨⎪⎪⎩

minẍi +

13�
j=1

Pi
j
cos 𝛽j−

13�
j=1

Fi
j
sin 𝛽j = 0

minÿi +

13�
j=1

Pi
j
sin 𝛽j +

13�
j=1

Fi
j
cos 𝛽j + F = 0
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where min is the mass of the shaft and inner ring, and F 
is the time-varying load of the cylindrical roller bearing-
pedestal system.

The time-varying load F can be calculated by Eq. 26

where Fa is the vertical load.
The dynamic equation of the bearing cage can be 

expressed as Eq. 27

where Ic is the inertia of the moment of the bearing cage.
The dynamic equation of bearing outer ring can be 

expressed as Eq. 28

where mout is the mass of the outer ring and pedestal, k is 
the stiffness of the pedestal, and c is the damping coefficient 
of the pedestal.

The equation of the dynamic model of the cylindrical 
roller bearing-pedestal system is given by Eq. 29

(26)F = Fa sin

(
2�n

60
t
)

(27)Ic�̈�c −

13∑
j=1

Pfc
j
rm +

13∑
j=1

Prc
j
rm = 0

(28)

⎧⎪⎪⎨⎪⎪⎩

moutẍo −

13�
j=1

Po
j
cos𝛽j +

13�
j=1

Fo
j
sin𝛽j + cẋo + kxo = 0

moutÿo −

13�
j=1

Po
j
sin 𝛽j −

13�
j=1

Fo
j
cos 𝛽j + cẏo + kyo = 0

(29)

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

�̈�j =
1

mjr
2
r

�
−Ffc

j
rr − Frc

j
rr + Fi

j
rr + Fo

j
rr

�

�̈�j =
1

mjrm

�
Fi
j
− Fo

j
− mjg cos(

2π

13
(j − 1) + �̇�jt) − Pfc

j
+ Prc

j

�

d̈j =
1

mj

�
Pi
j
− Po

j
− mjg sin(

2π

13
(j − 1) + �̇�jt) − Ffc

j
+ Frc

j
+ Fm

j

�

ẍi =
1

min

�
−

13�
j=1

Pi
j
cos(

2π

13
(j − 1) + �̇�jt) +

13�
j=1

Fi
j
sin(

2π

13
(j − 1) + �̇�jt)

�

ÿi =
1

min

�
−

13�
j=1

Pi
j
sin(

2π

13
(j − 1) + �̇�jt) −

13�
j=1

Fi
j
cos(

2π

13
(j − 1) + �̇�jt) − Fa sin(

2πn

60
t)

�

�̈�c =
1

Ic

�
13�
j=1

Pfc
j
rm −

13�
j=1

Prc
j
rm

�

ẍo =
1

mout

�
13�
j=1

Po
j
cos(

2π

13
(j − 1) + �̇�jt) −

13�
j=1

Fo
j
sin(

2π

13
(j − 1) + �̇�jt) − cẋo − kxo

�

ÿo =
1

mout

�
13�
j=1

Po
j
sin(

2π

13
(j − 1) + �̇�jt) +

13�
j=1

Fo
j
cos(

2π

13
(j − 1) + �̇�jt) − cẏo − kyo

�

3  Experimental verification

The vibration signal of the cylindrical roller bearing-
pedestal system is tested by the acceleration sensor. The 
experiment is carried out under the working condition of 
3000 r/min and 20 N, the speed is adjusted by the con-
trol system, and the load is applied to the shaft through 
the loading device. Figure 3 shows the rotor experimental 
bench with the cylindrical roller bearing-pedestal system.

In Fig. 3, the acceleration sensors are arranged in the 
horizontal and vertical directions of the pedestal, respec-
tively, and the data are collected through the vibration 

Vibration signal 
acquisition system Acceleration sensor

Acceleration sensor

Loading deviceMotor

The location of the bearing

Fig. 3  Rotor experimental bench with cylindrical roller bearing-ped-
estal system



 Journal of the Brazilian Society of Mechanical Sciences and Engineering (2022) 44:332

1 3

332 Page 6 of 11

signal acquisition system. During the signal test, the sam-
pling frequency of the test software is set to 20 kHz.

The Runge–Kutta algorithm is used to solve the dynamic 
equation of the cylindrical roller bearing-pedestal system 
shown in Eq. (29). In the process of solving, fourth-order 
derivation and fifth-order control accuracy are adopted. The 
structural parameters of the cylindrical roller bearing-ped-
estal system are listed in Table 1 [27–29].

Under the same working conditions, the dynamic 
response of the system is obtained by numerical simula-
tion. Then, the simulation results of the dynamic response 
under the same working conditions are compared with the 
measured data. The system dynamic response from the 
simulation is shown in Fig. 4, and the system dynamic 
response from the experiment is shown in Fig. 5.

The vibration signals in Figs. 4 and 5 are compared 
and analyzed. The simulation results show that the peak 
to peak value of the acceleration response in the x direc-
tion is 103.58 m·s−2 and the peak to peak value of the 
acceleration response in the y direction is 79.95 m·s−2. 
The measured results show that the peak to peak value of 
the acceleration response in the x direction is 123.21 m·s−2 
and the peak to peak value of the acceleration response in 
the y direction is 72.42 m·s−2. The dynamic response of the 
cylindrical roller bearing-pedestal system in the x direc-
tion is slightly larger than that in the y direction, because 
the y direction is the direction of load application, which 
suppresses the vibration acceleration response to a cer-
tain extent. It can be seen that the measured results of the 
dynamic response are similar to the simulation results.

Table 1  Structural parameters 
of cylindrical roller bearing-
pedestal system [27–29]

Notation Value

rr 3.39 mm
rm 19.10 mm
g 9.8 m/s2

ρ 7810 kg/m3

l 6.48 mm
μc 0.002
kc 1 ×  108 N/m
min 7.25 kg
mout 6.97 kg
ri 15.71 mm
ro 22.49 mm
ki 6.02 ×  109 N/m1.1

ko 6.02 ×  109 N/m1.1

Ic 0.85 ×  10−6 kg·m2

k 1.5 ×  107 N/m
c 1.8 ×  103 N·s/m

Fig. 4  System dynamic 
response from the simulation
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Fig. 5  System dynamic 
response from the experiment
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4  Dynamic characteristics analysis

4.1  Study on dynamic characteristics 
under extreme gravity conditions

The extreme gravity is defined as gravitational conditions 
above or below the earth's gravitational acceleration g. In 
the process of studying the dynamic characteristics of the 
system under extreme gravity, the rotational speed variation 
performed in the steady state situation is used for numeri-
cal simulation. The cylindrical roller bearing-pedestal sys-
tem operates at 3000 r/min and 20 N load, and the dynamic 
responses of the cylindrical roller bearing-pedestal system 
under different gravity accelerations such as 0.2, 0.6, 3, and 
5 g are obtained. The vibration acceleration of the cylindri-
cal roller bearing-pedestal system under different gravity 
acceleration is illustrated in Fig. 6.

As shown in Fig. 6, unlike the normal gravity state, the 
dynamic responses in the weightless state and the overweight 
state deteriorate to varying degrees. When the gravitational 
acceleration is g, the peak to peak (PTP) value, root mean 
square (RMS) value, rectified mean (RM) value and kurtosis 
(K) value of the system are the smallest. In the gravitational 
acceleration range of 0.2-5 g, the maximum deterioration 
degree of PTP value is 24.1%, the maximum deterioration 
degree of RMS value is 12.5%, the maximum deterioration 
degree of RM value is 12.0%, and the maximum deterioration 
degree of K value is 6.0%.

4.2  Sensitivity of the load and the rotational speed

Through the performance indexes such as the slip rate of the 
roller, slip rate of the cage, acceleration response, and roller 
displacement, the variation law of the dynamic characteris-
tics of the cylindrical roller bearing-pedestal system with the 
change in the load and rotational speed is studied.

The slip rate of the roller in the cylindrical roller bearing-
pedestal system can be expressed as Eq. 30

where �̇� is the rotation speed of the roller during pure rolling 
and �̇�j is the rotation speed of the jth roller.

The rotation speed of the roller during pure rolling can be 
expressed as Eq. 31

Figure 7 presents the slip rate of the roller under differ-
ent loads and rotational speeds.

It is noted from Fig. 7 that the slip rate of the roller 
is positively correlated with the rotational speed n. The 
change of n can easily cause a change in the slip rate of 
the roller. The slip rate of the roller at high speed is greater 
than that at low speed. However, with the change of load 

(30)Pr =
�̇� − �̇�j

�̇�
× 100%

(31)�̇� =
πn

60
×

riro

rrrm

Fig. 6  Vibration acceleration of 
the cylindrical roller bearing-
pedestal system under different 
gravity accelerations
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Fa, the slip rate of the roller changes little. Therefore, the 
slip rate of the roller is hardly affected by the Fa.

The slip rate of the cage in the bearing-pedestal system 
can be expressed as Eq. 32:

where �̇� is the revolution speed of the bearing cage during 
pure rolling and �̇�c is the revolution speed of the bearing 
cage.

The revolution speed of the bearing cage during pure 
rolling can be expressed as Eq. 33:

In Fig. 8, the slip rate of the cage is also positively 
correlated with the rotational speed n. The slip rate of the 
cage at high speed is bigger than that at low speed. At the 
same time, with the raise of Fa, the slip rate of the cage 
reduces slightly.

(32)Pc =
�̇� − �̇�c

�̇�
× 100%

(33)�̇� =
πn

60
×
rm − rr

rm

The acceleration response of the system under different 
loads and rotational speeds is illustrated in Fig. 9.

In Fig. 9, with the increase in rotational speed n and 
load Fa, the dynamic response of the system is significantly 
enhanced. Therefore, the rotational speed n and load Fa will 
have a great impact on the dynamic characteristics of the 
cylindrical roller bearing-pedestal system.

Figure 10 presents the displacement of the roller under 
different loads and rotational speeds. It is noted from Fig. 10 
that the displacement of the roller increases significantly 
with the increase in the load Fa, indicating that the increase 
in load Fa is extremely easy to cause the increase of the 
displacement of the roller. However, with the increase of n, 
the displacement of the roller diminishes nonlinearly. The 
displacement of the roller is more affected by the load Fa 
than the rotational speed n.

4.3  Law of dynamic response affected by mass

In addition to the extreme gravity conditions, load and rota-
tional speed, the dynamic responses of the cylindrical roller 
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Fig. 7  Slip rate of roller under different loads and rotational speeds
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Fig. 8  presents the slip rate of the cage under different loads and rota-
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bearing-pedestal system under different masses should be 
considered. The variation law of acceleration response of 
outer raceway in x direction with the mass mout change in 
bearing outer ring and pedestal is discussed. The accelera-
tions of the system when mout is 5 kg, 10 kg, and 15 kg 
are obtained, respectively. Figure 11 shows the acceleration 
response of outer raceway in x direction.

The PTP and RMS values of the acceleration response of 
outer raceway in x direction are listed in Table 2.

Table 2 further indicates the details of Fig. 11. It is noted 
that the PTP and RMS values of acceleration of the cylindri-
cal roller bearing-pedestal system are negatively correlated 
with the mass mout of the outer ring and pedestal. Among 
them, the PTP value of acceleration of the system decreased 
by 66.9% and the RMS value of acceleration of the system 
decreased by 66.7%. Therefore, properly adding the mass 
mout of the outer ring and pedestal in a certain range will 
help to suppress the vibration of the cylindrical roller bear-
ing-pedestal system.

The variation law of acceleration response of inner race-
way in x direction with the mass min change in shaft and 
inner ring is discussed. The accelerations of the system when 
min is 5 kg, 10 kg, and 15 kg are obtained, respectively. 
Figure 12 shows the acceleration response of inner raceway 
in x direction.

The PTP and RMS values of the acceleration response of 
inner raceway in x direction are listed in Table 3.

It is shown in Fig. 12 and Table 3 that the increase in the 
mass min of the shaft and inner ring can effectively suppress 
the vibration of the cylindrical roller bearing-pedestal sys-
tem. Among them, the PTP value of acceleration response 
decreased by 64.1%, and the RMS value decreased by 63.1%.

5  Conclusions

A new dynamic model of the cylindrical roller bearing-
pedestal system is conducted to analyze the system char-
acteristics. The sliding friction, Hertz contact, and time-
varying load are considered in this model. The limitations 
of the model are that it is only applicable to constant rota-
tional speed system, isotropic system, and constant vertical 
load system. The dynamic characteristics of the system 
under extreme gravity conditions, the sensitivity of the 
load and rotational speed, and the law of dynamic response 
affected by mass are studied. The results of the paper are 
concluded as follows:

Fig. 11  Acceleration response 
of outer raceway in x direction
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Table 2  PTP and RMS values of the acceleration response of outer 
raceway in x direction

mout (kg) 5 10 15

PTP (m •  s−2) 133.6 66.4 44.2
RMS (m •  s−2) 19.8 9.9 6.6
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1. Compared with the normal gravity state, both the 
weightless state and overweight state will deteriorate 
the dynamic response of the system. In the range of 
0.2-5 g, the maximum deterioration degree of PTP value 
is 24.1%, the maximum deterioration degree of RMS 
value is 12.5%, the maximum deterioration degree of 
RM value is 12.0%, and the maximum deterioration 
degree of K value is 6.0%.

2. In the cylindrical roller bearing-pedestal system, the slip 
rate of the bearing roller and cage is more sensitive to 
rotational speed than load. The slip rate is positively 
correlated with the rotational speed. The change inrota-
tional speed can easily cause a change in the slip rate of 
the bearing roller and cage.

3. The rotational speed and load will have a great impact 
on the acceleration response of the cylindrical roller 
bearing-pedestal system. The displacement of the roller 
is more affected by load than rotational speed.

4. The vibration of the cylindrical roller bearing-pedestal 
system can be suppressed by appropriately increasing 
the mass mout and min.
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