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Abstract
A lower pad adjustable journal bearing is proposed in this paper. This bearing can adjust the working status of the rotor 
system by changing the position of the bearing pad and improve the stability of the rotor system. The adjustable bearing 
structure achieves the function of changing the characteristic parameters of the bearing under continuous operation 
and makes up for the shortcomings of the traditional fixed-pad bearing. In this paper, the evaluation method of the 
dynamic characteristics of the adjustable bearing is introduced. The stiffness and damping characteristics of the bearing 
are calculated by the analytical method. Then, the rotor bearing system model is established using the finite element 
method. Finally, the dynamic response of the rotor system is solved by Runge–Kutta variable step length integration. 
The numerical results show that the stability of the system can be improved by reducing the ellipticity of the adjustable 
bearing when the rotor system crosses the critical speed. The experimental study shows that when the oil film is unstable 
in the rotor system, the oil film whip is effectively eliminated by reducing the ellipticity, which proves that the adjustable 
bearing can improve the stability of the rotating machine.

Keywords Adjustable bearings · Elliptical · Stiffness and damping coefficient · Rotor dynamics · Oil film instability

List of symbols
O  Geometric center of bearing
O′  Journal center
O1  Lower pad center
O2  Upper pad center
e  Journal eccentricity
e1  Distance between center of journal 

and Center of lower bearing pad
e2  Distance between center of journal 

and Center of upper bearing pad
θ  Attitude angle of journal
θ1  Attitude angle of lower pad
θ2  Attitude angle of upper pad
W  Bearing load
R  Bearing radius
r  Journal radius
h  Film thickness of elliptical bearing
cr  Radius clearance

cmax  Side clearance
cmin  Top clearance
l  Bearing width
d  Bearing diameter
λ  Coordinate at the axial direction of the 

bearing
�  Elliptical ratio/ellipticity
ε  Journal relative eccentricity, � =

e

cr

e′  Distance between center of bearing 
and center of bearing pad

φ  Angular coordinate of adjustable 
bearing

P  Oil film pressure of adjustable bearing
Pe  The derivative of oil film pressure to 

displacement disturbance of e
P�  The derivative of oil film pressure to 

displacement disturbance of θ
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Pė  The derivative of oil film pressure to 
the velocity disturbance of ė

P�̇�  The derivative of oil film pressure to 
the velocity disturbance of �̇�

φ1  Angular coordinate of lower bearing 
pad

φ2  Angular coordinate of upper bearing 
pad

φ11  The angle of the beginning of the 
lower pad oil film

φ12  The angle of the end of the lower pad 
oil film

φ21  The angle of the beginning of the 
upper pad oil film

φ22  The angle of the end of the upper pad 
oil film

Kxx, Kxy, Kyx, Kyy  Stiffness coefficients
Dxx, Dxy, Dyx, Dyy  Damping coefficients

1 Introduction

The development of rotating machinery for high speed, 
heavy load and automation, place higher requirements on 
the operational stability and safety of the rotating machin-
ery. The traditional rotating machinery is generally sup-
ported by fixed-pad bearings. When the rotating machin-
ery is unstable due to the change, in rotational speed and 
load, the fixed-pad bearing cannot adjust to the different 
working conditions, nor can it improve the running status 
of the rotating machinery. The rotating machinery, sup-
ported by the fixed-pad bearing, is designed based on a 
specific working condition. In the actual operation pro-
cess, its working condition may change. The initial design 
state and actual working state of the rotor bearing system 
may be different. For example, the generator set will adjust 
its working load according to the difference in power con-
sumption; the operating speed of the internal combustion 
engine and compressor may change at any time during 
working hours. For fixed-pad rotating machinery, it is not 
suitable for these time-varying working states, nor can it 
adjust its working parameters according to actual work-
ing requirements. This may cause safety problems such as 
excessive rotor vibration or oil film instability and seriously 
affects the stable operation of rotor bearing system. There-
fore, in order to improve the stability of the rotor system, 
it is necessary to propose a reasonable adjustable bearing 
structure and adjustment method.

The dynamic characteristics of the rotor bearing sys-
tem under variable operating conditions have been the 
focus of scholars. In order to make the rotating machine 
safe and stable, many methods for suppressing the vibra-
tion of the rotor have been proposed. Combining the 

demand for optimum operation, suppressed vibration 
amplitude and enhanced stability, the concept of adjust-
able/controllable journal bearing has been developing in 
the last six to seven decades. Rao and Tiwari [1, 2] have 
proposed single objective and multi-objective genetic 
algorithms for active control system of active magnetic 
bearing (AMB) and optimized the design method of active 
thrust hybrid magnetic bearing. Dohnal and Markert [3] 
achieves periodic open-loop control of the stiffness coef-
ficient of a bearing by periodically changing the control 
parameters of an active magnetic bearing. This periodic 
variation can enhance the effective damping of the rotor 
system, resulting in reduced vibration. Palazzolo and Lin 
[4] studied the application of piezoelectric actuators in 
active vibration control of rotating machinery. The test 
results show significant reduction in unbalance, transient, 
and subsynchronous responses.

Tuma et al. [5] proposes a working prototype of a sys-
tem for the active vibration control of journal bearings 
with the use of piezoactuators. The results show that the 
active vibration control considerably extends the range 
of the operational speed. Ishida and Liu [6] proposed a 
discontinuous spring concept that uses discrete spring 
characteristics to suppress rotating mechanical vibra-
tions. Santos and Nicolettid [7–10] through the hydraulic 
control system, change the journal bearing lubrication 
performance, found the feasibility of attenuating rotor 
vibrations in test rigs with rigid rotors. Krodkiewski et al. 
[11–13] studied the active journal bearing with a flex-
ible sleeve. The damper selects the optimal damping 
coefficient to significantly improve the stability of the 
system’s equilibrium position. Chasalevris and Dohnal 
[14–17] proposed a journal bearing with an variable 
geometry and found that the bearing can effectively 
reduce the maximum amplitude of the journal passing 
through the critical speed. When the bearing is applied 
to a large rotor-bearing system, the operating stability of 
the rotor system can be effectively improved. Sivrioglu 
[18] proposed an adaptive control method and calculates 
the nonlinear control current of the zero bias magnetic 
bearing to improve the adaptability of the control sys-
tem to the dynamic behavior of the spindle. Iwada and 
Nonami [19] use the self-optimization theory of bear-
ing support to study rotor vibration control based on 
self-optimizing support system. Reinig and Desrochers 
[20] utilize the disturbance regulation controller of the 
rotating mechanical system to suppress the vibration of 
the rotating machinery. In addition, some scholars have 
combined the advantages of journal bearings and AMBs 
to control the instability of journal bearings using the 
control method of AMBs [18–20]. At present, academic 
circles have put forward many methods for improving 
the stability of the rotor-bearing system, and have also 
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achieved many academic achievements in the theoretical 
and experimental research process. However, only some 
methods would meet a practical application of industrial 
rotating machinery due to cost, simplicity, and reliability.

This study proposes a new type of adjustable bear-
ing structure that achieves the function of changing 
the characteristic parameters of the bearing under con-
tinuous operating conditions. The adjustable bearing is 
based on the principle of mechanical transmission and 
applies active control to the fluid bearing. The device 
can change the stiffness and damping of the oil film 
according to the actual vibration of the rotor. Compared 
with the traditional fixed-pad bearing, the adjustable 
bearing is more suitable for changing working condi-
tions. By formulating a reasonable control strategy to 
select a reasonable oil film thickness for different work-
ing conditions, the stability and reliability of the rotat-
ing machine can be significantly improved. This paper 
first studies the working principle of the adjustable 
bearing and calculated the displacement of the bearing 
pads resulting in the change of stiffness and damping 
matrix. With these results, the next step is to thoroughly 
study the effect of adjustable bearings on the stability 
of the rotor system.

2  Design and operation principle 
of adjustable bearing

The adjustable bearing consists of upper and lower pads 
(Fig. 1). The upper bearing pad is fixed, and the lower pad 
slides up and down along the guide rail in a vertical direc-
tion under the action of the inclined iron. When the lower 
pad moves upward, the oil film clearance of the bearing 
decreases. The thinner the oil film, the larger the pressure 
gradient, which causes the oil film to withstand greater 

journal pressure. However, when the pressure provided 
by the oil film is greater than the load on the journal, half-
frequency whirl and oil film oscillation are likely to occur. 
When the lower pad moves downward, the oil film clear-
ance of the bearing increases. The thicker the oil film, the 
smaller the pressure gradient, which causes the bearing 
capacity of the oil film to decrease. This may cause vibra-
tion and wear failure of the rotating machine. However, the 
downward movement of the lower pad reduces the work-
ing position of the journal, which can effectively eliminate 
oil film instability and improve system stability. Therefore, 
in the operation of the rotating machinery, the selection 
of a reasonable oil film thickness has a significant impact 
on the stability of the rotor system.

The structural design of the adjustable bearing and 
the definition of each component are shown in Fig. 2. 
The working principle of the adjustable bearing is that 
the rotation of the lead screw drives the horizontal move-
ment of the inclined iron. The inclined iron pushes the 
bearing lower pad to slide up and down along the guide 
rail, thereby causing the oil film clearance of the bearing to 
change. When the vibration of the journal does not meet 
the requirements of the working condition, the thickness 
of the oil film is changed by adjusting the lead screw to 
improve the stability of the rotor system. The bearing 
structure is based on the mechanical transmission princi-
ple, and the active control is applied to the fluid bearing. 
The bearing ellipticity can be adjusted according to the 
actual vibration condition of the rotor at different speeds. 
The vibration of the rotor can be suppressed by changing 
the thickness of the oil film so that the vibration amplitude 

Fig. 1  Schematic diagram of the adjustable bearing structure and 
the movable position of the bearing pad

Fig. 2  Structural design of adjustable bearing and definition of 
components
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during the acceleration of the rotor is always within the 
safe range.

Adjusting the bearing oil film clearance through a 
mechanical transmission system is an important feature 
of an adjustable bearing. The mechanical transmission 
system has high reliability and a large bearing capacity. 
When the mechanical transmission system is applied to 
the journal bearing, it improves the working state of the 
journal bearing under different working conditions.

3  Evaluation of the adjustable bearing 
dynamic characteristics

The adjustable bearing has the ability to adjust the thick-
ness of the oil film, and the different thickness of the oil 
film results in different dynamic characteristics of the rotor 
system. The influence of the adjustable bearing on the 
dynamic characteristics of the bearing is studied below. 
With these results, the influence of adjustable bearing on 
rotor system stability can be thoroughly studied next.

The positional relationship between the journal and the 
bearing pad under the working condition of the adjustable 
bearing is shown in Fig. 3. The following formulas define 
the bearing operational parameters in correspondence to 
Fig. 3. The center of the journal is O′ and the preset eccen-
tricity of the bearing is e′. When the working state of the 
journal changes, the adjustable bearing can adjust the pre-
set eccentricity e′ to improve the dynamic characteristics 
of the rotor bearing system. The positional relationship 
between the upper and lower pads and the journal can be 
calculated according to the geometric relationship shown 
in the figure, such as Eq. (1) and Eq. (2).

Under working conditions, the upper and lower pads of 
the adjustable bearing both are the oil film pressure bearing 
zone. According to the positional relationship between the 
journal and the bearing pad, the oil film thickness expres-
sion of the upper and lower tiles is calculated as Eq. (3).

When the center O′ of the journal coincides with 
the geometric center O of the bearing (Fig.  4), the 

(1)
e1 =

√
e2 + (e�)2 + 2ee� cos � e2 =

√
e2 + (e�)2 − 2ee� cos �

(2)

�1 = arcsin
e sin �

e1

�2 = arcsin
e sin �

e2

(3)h =

�
C +

√
e2 + (e�)2 + 2ee� cos � cos(� − �1)

C +
√
e2 + (e�)2 − 2ee� cos � cos(� − � + �2)

maximum value of the adjustable bearing radius clear-
ance is cmax ≈ cr

(
cr = R − r

)
 , and the minimum value is 

cmin = cr − e�.
Ellipticity of an adjustable bearing is defined as:

The ellipticity is an important bearing parameter for 
adjustable bearings. In this study, the adjustment of the 
ellipticity has a crucial influence on the stability of the 
rotor system. Reasonably adjusting the ellipticity can 
greatly improve the stability of the rotor system. In order 

� =
e�

cr
= 1 −

cmin

cmax

.

Fig. 3  Schematic diagram of the positional relationship between 
the journal and the bearing bush under the working condition of 
the adjustable bearing

Fig. 4  Geometric relationship between preset Eccentricity, top 
clearance and side clearance of elliptical bearing
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to make the adjustable elliptical bearing to have a signifi-
cant effect of suppressing vibration, the oil film clearance 
of the adjustable elliptical bearing is designed to have a 
larger adjustment range. The ellipticity in this study varies 
from 0 to 0.7. In the following theoretical and experimental 
studies, the ellipticity is used an the adjustment parameter. 
By studying the dynamic characteristics of the rotor system 
at different ellipticity, the method of improving the stabil-
ity of a rotor system by an adjustable bearing is obtained.

In order to find out a reasonable regulation scheme to 
improve the stability of the rotor system, it is necessary to 
study the dynamic characteristics of the bearing under dif-
ferent ellipticity. The dynamic characteristics of the adjust-
able bearing are calculated and evaluated below. Adjust-
able bearing upper and lower pads are oil film pressure 
bearing areas, so the dynamic characteristics of the two 
bearing pads need to be calculated separately.

When calculating the oil film stiffness and damping coef-
ficient, it is necessary to first solve the equilibrium position 
(θ, e) of the journal in the bearing, and then calculate the 
eccentricity and the attitude angle of the upper and lower 
pads according to Eq. (1) to (2). The eccentricity and the atti-
tude angle of the upper and lower pads are brought into 
Eq. (3) to calculate the oil film thickness of the upper and 
lower pads. The calculated thickness of the oil film is brought 
into the Reynolds equation in Eq. 4, and then, the differential 
equations of disturbance pressures are obtained by solving 
the partial derivative of Reynolds equation, in Eq. (5). Finally, 
the dynamic coefficients of the oil film are obtained by inte-
grating the differential equations, in Eq. (6).

The angle φ11 is the angle of the beginning of the lower 
pad oil film while φ12 is the angle of the end of the lower 
pad oil film. The angle φ21 is the angle of the beginning of 
the upper pad oil film while φ22 is the angle of the end of 
the upper pad oil film. The formula for the damping coef-
ficient is basically the same as the formula for calculating 
the stiffness coefficient, which is not included in this paper.

(4)
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The above description briefly introduces the calcula-
tion process of the dynamic coefficient of the adjust-
able bearing. The dynamic coefficient of the adjustable 
bearing can be calculated by using Eq. (6). In order to 
study the influence of ellipticity on the stability of the 
rotor system, the above formula is used to calculate the 
change of stiffness and damping coefficient during the 
acceleration process of the rotor system under differ-
ent ellipticities, Fig. 5. The calculations find that as the 
rotational speed increases, the rotor center position 
moves up, and the stiffness and damping coefficient of 
the oil film in both the vertical and horizontal directions 
decrease. At the same speed, the greater the ellipticity, 
the greater the stiffness and damping coefficient. As 
such, adjusting the ellipticity can change the dynamic 
characteristics of the bearing.

The effect of ellipticity on the trend of stiffness and 
damping coefficient at a fixed speed (see Fig. 6). From 
the calculation, as the ellipticity increases, the stiffness 
and damping coefficient in the vertical direction change 
significantly, and the stiffness and damping coefficient 
in the horizontal direction change less. This is because 
when the ellipticity increases, the bearing lower pad 
moves upward, the top clearance decreases, and the 
side clearance remains unchanged. In this way, the stiff-
ness and damping coefficient of the vertical direction 
will change greatly, while the horizontal stiffness and 
damping coefficient will remain unchanged. When the 
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Fig. 5  Stiffness and damping coefficients of the adjustable bearing as a function of rotational speed, a is the horizontal stiffness, b is the ver-
tical stiffness, c is the horizontal damping, d is the vertical damping

Fig. 6  Stiffness (left) and damping (right) coefficients of the adjustable bearing as a function of ellipticity
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ellipticity increases from 0.1 to 0.7, the vertical stiffness 
increases to 2.5 times the initial value, the horizontal 
stiffness increases by 0.3 times, the vertical damping 
increases to 2 times the initial value, and the horizontal 
damping increases by 0.7 times. The variation law of the 
adjustable bearing stiffness and damping under differ-
ent ellipticity can provide reference for the following 
dynamics research.

4  Theoretical application of the adjustable 
journal bearing in a rotor‑bearing system

The dynamic characteristics of the rotor system during the 
acceleration process of the rotating machine will change 
greatly. When approaching the critical speed (resonant fre-
quency), the amplitude of the rotor will increase sharply. 
Excessive vibration will threaten the safe operation of the 
rotor system. The following applies the adjustable bear-
ing to the rotating machine to simulate the effect of the 
adjustable bearing on the stability of the rotating machine. 
In order to study the effect of ellipticity on the stability of 
the rotor system, a simple flexible rotor model is estab-
lished, as shown in Fig. 7. The rotor bearing system model 
parameters are shown in Table 1.

According to the structural parameters of the rotor 
system (Table 1), the corresponding rotor bearing system 
finite element model is established. The whole finite ele-
ment model is separated into nine nodes, a total of eight 
elements (Fig. 8). Among them, P (M K C) represents the 
mass matrix, stiffness matrix and damping matrix of rotor 
system, Q represents the degree of freedom of the sys-
tem, and F represents the load of the system. The bearing 
matrix is distributed at second and eighth nodes, and the 
mass disk matrix is located at fifth nodes. When the ellip-
ticity of the system changes, we only need to introduce 
the stiffness and damping of the corresponding ellipticity 
into the matrix of the bearing node, and then establish the 
corresponding dynamic equation to solve the response.

Fig. 7  Representation of an adjustable bearing rotor system

Table 1  Physical and geometrical properties of the rotor bearing 
system

Young’s modulus: E = 206 GPa Disc width Ld = 0.090 m
Material density ρ = 7850 kg/m3 Disc mass md = 29.3 kg
Lubricant viscosity μ = 0.011 Pa s Shaft mass ms = 13.2 kg
Bearing radius Rb = 0.020 m Bearing 

radial 
clearance

cr = 0.0002 m

Shaft radius Rs = 0.020 m Ellipticity � = 0–0.7
Disc radius Rd = 0.120 m Shaft span L = 1.2 m

Fig. 8  The assembly of the finite element model of the rotor-bear-
ing system, which defines the matrices P, Q and F according to the 
geometry of the rotor-bearing system
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The dynamic equation of the rotor bearing system is 
defined as Eq. 7.

The vibration response calculation formula is defined as 
Eq. 8.

where M is the structural mass matrix; C is the damping 
matrix; K is the structural stiffness matrix; q is the displace-
ment matrix; F is the load matrix. The damping matrix C 
takes into account the gyro effect and the Rayleigh damp-
ing matrix. The Rayleigh damping matrix is a linear com-
bination of M and K, that is �M + �K  , where � and � are 
constants independent of frequency, which are related 
to the damping coefficient and the previous two natural 

(7)Mq̈(t) + Cq̇(t) + Kq(t) = F(t)

(8)

q = [−�2M + j�(�G + C) + K ]−1⋅

�2

⎧
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m�ej�

−jm�ej�

j(Id − Ip)�e
j�

(Id − Ip)�e
j�

⎫
⎪⎬⎪⎭

frequencies of the system. F consists of unbalanced forces 
and gravity. G is the gyro matrix. m is the total mass of the 
rotor, � is the eccentricity, � is the angular velocity of the 
rotor, � is the phase angle, Id is the moment of inertia of 
the rotor, and Ip is the polar moment of inertia of the rotor, 
� = Ip

/
Id.

The dynamic response of the rotor system with differ-
ent ellipticity is studied by using the rotor-bearing system 
model shown in Fig. 7. According to the variation of the 
stiffness and damping of the bearing under the different 
ellipticity in Fig. 6, the stiffness and damping values are 
respectively introduced into the dynamic equations. The 
dynamic equation is solved by Runge–Kutta variable step 
integral and get the dynamic response of the rotor accel-
eration process.

The vibration response of the rotor during the accelera-
tion process at different ellipticities is shown in Figs. 9 and 
10. The rotor is accelerated at a constant acceleration of 
1.5 rad/s2. The ellipticity of the first acceleration process is 
0.2, the second acceleration process is 0.7, and the other 
operating conditions are identical.

Fig. 9  Amplitude of the response of the journal during acceleration process under different ellipticity, a is the first acceleration process, b is 
the second acceleration process)
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The variation of the journal amplitude of the bear-
ing position under different ellipticity is shown in Fig. 9. 
When the critical speed is approached, the amplitude of 
the journal changes relatively greatly. The first acceleration 
has an ellipticity of 0.2, the maximum amplitude of the 
bearing position in the horizontal direction is 0.004 mm, 
and the maximum amplitude in the vertical direction is 
0.0037 mm. The second acceleration process has an ellip-
ticity of 0.7, a maximum amplitude of the bearing position 
in the horizontal direction of 0.0027 mm, and a maximum 
amplitude in the vertical direction of 0.0015 mm. The cal-
culations find that by increasing the ellipticity, the ampli-
tude of the bearing position journal can be effectively 
reduced. The amplitude is decreased by the same extent 
in both the vertical and horizontal directions.

The amplitude variation of the rotor at the mass disk 
position under different ellipticities is shown in Fig. 10. 
The ellipticity of the first acceleration process is 0.2, 
the maximum amplitude of the rotor in the horizontal 
direction of the mass disk position is 0.95 mm, and the 
maximum amplitude in the vertical direction is 0.92 mm. 

The ellipticity of the second acceleration process is 0.7, 
the maximum amplitude of the rotor in the horizontal 
direction is 2.44 mm, and the maximum amplitude in the 
vertical direction is 2.45 mm. The calculations find that 
the amplitude of the mass disk near the critical speed 
increases obviously with increasing ellipticity. During 
the two accelerations, the change trend of the mass disk 
position is completely opposite to the change trend of 
the bearing position. It is necessary to further analyze 
the cause of this phenomenon and determine a reason-
able ellipticity adjustment mode.

During the first acceleration, the amplitude of the 
rotor quickly decreases after the speed exceeds the 
critical speed, and returns to a stable operation state, as 
shown in Figs. 9a and 10a. During the second accelera-
tion process, the amplitude of the rotor continues to be 
in a dangerous state after the speed exceeds the critical 
speed, and it takes a longer time to return to the stable 
operation state, as shown in Figs. 9b and 10b. In response 
to this phenomenon, vibration data at a rotational speed 
of 1800 rpm (critical speed of 1500 rpm) was extracted, 

Fig. 10  Amplitude of the response of the rotor disk during acceleration process under different ellipticity, a is the first acceleration process, 
b is the second acceleration process
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and the vibration of the rotor was analyzed. The data 
with the speed of 1800 rpm is selected for analysis to 
determine whether the oil film whirl occurs after the 
rotor crosses the critical speed.

The vibration data at a rotational speed of 1800 rpm 
was extracted, and data analysis was performed by plot-
ting the axis orbit and the vibration frequency ampli-
tude. The analysis result of the vibration data of the rotor 
is shown in Fig. 11. The first acceleration process has an 
ellipticity of 0.2, the rotor’s axis orbit is small, and the 
vibration frequency is only the Co-frequency vibration, 
indicating that the rotor system is running very stable. 
When the ellipticity of the second acceleration process 
is adjusted to 0.7, the axis orbit of the rotor increases 
obviously, and there are two vibration frequency 

components, the Co-frequency vibration and half-fre-
quency whirling. The occurrence of half-frequency whirl-
ing vibration frequency indicates oil film whirl in the 
rotor system, and the rotor system has safety hazards.

The analysis result of the vibration data of the journal 
is shown in Fig. 12. The ellipticity is adjusted from 0.2 to 
0.7, the axis orbit of the journal is significantly reduced, 
and the vibration amplitude of the co-frequency vibra-
tion frequency is also significantly reduced. However, the 
half-frequency whirl frequency appears. This indicates that 
although the vibration amplitude of the rotor is reduced, 
there is hidden danger.

The analysis results show that it is not feasible to reduce 
the amplitude of the critical speed of the rotor by increas-
ing the ellipticity, which may lead to oil film instability. 

Fig. 11  Axis orbit and vibration frequency amplitude of the rotor at the mass disk position at 1800 rpm, a is the first acceleration process, b 
is the second acceleration process
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The correct adjustment method is to reduce the elliptic-
ity when the critical speed is exceeded, and to improve 
the stability of the rotor system by increasing the oil film 
clearance.

5  Experimental application of adjustable 
bearing in rotor acceleration process

In order to study the influence of adjustable bearings on 
the stability of the rotor system, a rotor bearing test rig was 
designed and built. The experimental test rig layout and 
data acquisition scheme are shown in Fig. 13. The main 
physical and geometrical properties of the experimen-
tal test rig are listed in Table 1. The adjustable bearing is 
installed in the bearing housing at the right end of the 
test bench. During the test, the bearing ellipticity can be 

adjusted according to the working conditions. This test 
simulates the acceleration process of the rotor system, 
the speed is uniformly accelerated from 0 to 3000 rpm 
in 20 s, and then rotated at a fixed speed of 3000 rpm. 
Among them, 1500 rpm is the first critical speed of the 
rotor system

During the start-up of the rotor system, the work-
ing position of the rotor floats as the rotational speed 
increases. The rotor speed reaches twice the critical speed, 
and oil film instability may occur under light load condi-
tions or sudden load reduction. In the following experi-
ment, no load was applied to the rotor system and it was 
uniformly accelerated to 3000 rpm, which caused oil film 
whip in the rotor system (see Fig. 14). Adjusting the ellip-
ticity under this condition to study the effect of adjustable 
bearings on the stability of the rotor system.

Fig. 12  Axis orbit and vibration frequency amplitude of the journal at 1800 rpm, a is the first acceleration process, b is the second accelera-
tion process)
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The first acceleration process is shown in Fig. 14. The 
rotor system successfully crossed the first-order critical 
speed, but the oil film whip occurred when it was accel-
erated to 3000 rpm, and the amplitude began to increase 
sharply. From the theoretical analysis of the fourth part, 
it is known that when the ellipticity is 0.7, the rotor sys-
tem has a half-frequency whirl across the critical speed. 
This is a precursor to oil film instability. When the rota-
tional speed reaches twice the critical speed, the half-
frequency whirl frequency and the critical speed are 
equal, causing a strong resonance, resulting in instability 
of the rotor system. These experimental phenomena are 

consistent with the previous theoretical analysis results, 
verifying the correctness of theoretical analysis.

In order to eliminate the oil film whip during the second 
acceleration, the ellipticity is adjusted at the 23rd second 
to reduce the working position of the journal, see Fig. 15. 
The second acceleration process is the same as the condi-
tion of the first acceleration process. The only difference 
is that the bearing ellipticity is adjusted after the critical 
speed is reached. In the test, the oil film whip appeared 
after the rotor was accelerated to 3000  rpm, and the 
amplitude began to increase. However, after adjusting the 
ellipticity at the 23rd second, the working position of the 

Fig. 13  View and description of the experimental test rig layout
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Fig. 14  Journal displacement at the locations of the adjustable 
bearings as a function of time. In the first experimental procedure, 
the ellipticity was not adjusted, the oil whip occurred in the 20th 
second, and the rotor system was forced to close at the 30th sec-
ond

Fig. 15  Journal displacement at the locations of the adjustable 
bearings as a function of time. In the second experimental proce-
dure, the ellipticity was adjusted from 0.7 to 0.2 at the 23rd second
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journal in the bearing pad was lowered and the amplitude 
began to decrease. At 32 s, the amplitude of the journal 
has been reduced to a stable operating state. From the 
phenomenon in the second experiment, it can be proved 
that the oil film whip can be eliminated by reducing the 
ellipticity to reduce the working position of the rotor.

The experimental data of the two acceleration pro-
cesses were used to plot the journal amplitude varia-
tion curve, see Fig. 16. The vibrations of the two experi-
ments were completely consistent before accelerating to 
3000 rpm. After reaching 3000 rpm, the first experiment 
did not adjust the ellipticity, and the amplitude of the 
rotor began to increase sharply. Extracting the experi-
mental data of 27 s to draw the axis orbit found that there 
is oil film whip, which seriously affects the safe and sta-
ble operation of the rotor system. In the second experi-
ment, the ellipticity was adjusted from 0.7 to 0.2 at the 
23rd second, the vibration of the rotor was significantly 
reduced, and it was quickly restored to a stable working 
state. The 27th second experimental data was extracted 
to draw the axis orbit, and it was found that the oil film 
whip had been eliminated. Through these two compari-
son experiments, it can be concluded that reducing the 
ellipticity can eliminate the oil film whip and improve the 
stability of the rotor system. This prove that the adjust-
able bearing can establish a better stability mechanism 
of the rotor system.

6  Conclusions

This paper proposes a new type of adjustable bearing 
that has the ability to change the lubrication properties 
of the bearing. This kind of adjustable bearing is more 

suitable for the changing working conditions than tra-
ditional fixed-bearing bearings. During the operation 
of rotating machinery, the stability and reliability of 
the rotating machinery can be significantly improved 
by specifying reasonable control strategy and select-
ing reasonable oil film thickness for different working 
conditions.

Firstly, the working principle of the adjustable bear-
ing is introduced. Then, the evaluation method of the 
dynamic characteristics of the adjustable bearing is 
established. Finally, the dynamic response of the rotor 
system is solved by Runge–Kutta variable step integral. 
Based on the results and discussions, the following con-
clusions are drawn:

a. During the acceleration process, the vibration of the 
journal can be reduced by increasing the ellipticity. 
However, in this case, the half-frequency whirl fre-
quency occurs when the rotational speed exceeds the 
critical speed. This indicates a safety hazard in the rotor 
system. The correct adjustment method is to reduce 
the ellipticity and increase the oil film gap when the 
critical speed is exceeded, thereby improving the sta-
bility of the rotor system.

b. When the oil film whip occurs in the rotor system, the 
ellipticity is adjusted to reduce the working position 
of the rotor in the bearing pad, which can suppress the 
problem of oil film whip. Two comparison experiments 
verify that the adjustable bearing can establish a bet-
ter rotor system stability mechanism and improve the 
stability of the rotating machine.

c. This adjustable bearing structure achieves the func-
tion of changing the characteristic parameters of the 
bearing under a continuous operation. A reasonable 
adjustment of the ellipticity can effectively improve 
the stability of the rotor system.

Current research has achieved a manual adjustment of 
bearing parameters. When the amplitude of the journal 
starts to increase, the vibration of the journal is reduced 
by manually adjusting the ellipticity to improve the sta-
bility of the rotor system. Future research plan is that the 
adjustable bearing has the ability to automatically adjust 
the bearing’s characteristic parameters using a time–fre-
quency controller to actively regulate the adjustable bear-
ing. At present, nonlinear time–frequency controllers are 
being developed and subsequent non-linear time–fre-
quency control methods will be used to achieve active 
control of adjustable bearings.
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