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Abstract: An rotor-sliding bearing dynamics model supported on sliding bearing was established DThe
dynamic model of the nonlinear rigidity-rotor system with rubbing fault was set up by the physics nonlinear
factors. The nonlinear dynamic behaviors of the system caused by rubbing fault were studied by using the
numerical value integral and Pomncaré mapping methods. The bifivcation diagrams of the response were given
following the changing of rotating speed Aeccentricity and stiffness of the stator. Some typical Poincaré maps,
phase plane portraits, trajectory of journal centers and amplitude spectra, et al, were also given. There are
doubling-periods, approximate-periods and chaos behaviors in the rotor system. Which may provide theory
references to fault diagnoses, vibration control, safety operating and enable early prediction of the fault in

rotating machinery.
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INTRODUCTION

Rotating machinery is widely used in industry. In
order to unprove the performance of rotating machinery,
the clearance between the rotor-stator is designed to
smaller and this also raise the possibility of rubbing. The
rubbing can cause blade fracture, rotor instability and
everl cause serious incidents.

Rotor-sliding bearing system is a typical nonlinear
system and the rub-impact fault extubit strong nonlinear
characteristics, so the vibration spectrum is very complex.
(Zhang, 1990) Establishing a reasonable model of the
friction force and rotor is the key to solve the problem.
The model of short bearings theory and the model of oil
film proposed by Zhang Wen of the analytical expression
are the same and they are the simplified form of fimte
Explicit Model Proposed by Yang Jinfu (Liu et al., 2008).
In this study, used the model of short bearings theory.
This study used the smooth friction force model with
plecewise-linearity.

Rotor-sliding bearing system with nonlinear support
stiffness 13 a complex nonlinear system. With impact
stiffness coefficient increased, the phenomenon of
frequency division and chaos are induced more
frequently. This study established a rotor-sliding bearing
system with nonlinear support stiffness and oil-film force.
The numerical integration method of Runge-Kutta is used
to obtain nonlinear dynamic responses of this system and
using time-domain waveform diagrams, the orbit diagrams

of axle center, the frequency spectrogram, the Poincare
maps, the bifiwcation plots etc, (He and Li, 2013;
Tian et al., 2013). The sliding-bearings clearance, impact
stiffness coefficient on system responses are studied and
the faults characteristics of rotor misalignment and
rubbing between rotor and stator are also studied.

A DYNAMICS MODEL OF ROTOR-SLIDING
BEARING WITH NONLINEAR OIL FILM FORCE

As the complexity of nonlinear rub-impact model, the
system is simplified in this study. The rotor is simplified
as elastic rotation shaft with concentrated weight. The
system 1s the model with nonlinear o1l film force and has
rigid foundation and support (Xu and Zhang, 2000)
Fig. 1 shows the model.

The rotor is supported at both ends by sliding
bearing. O, 15 the geometrical center of bearing bush. O,
is the geometrical center of the rotor. O, is the weight
center of the rotor. k, 1s the stiffness of stator. k 1s the
linear stiffness of elastic rotation shaft. ¢, is the damping
coefficient of the rotor on the sliding bearing. ¢, is the
damping coefficient of disk rotor. §, is the gap between
the stator and disk rotor. e 1s the eccentric weight of disk
rotor. m, is the concentrated weight of the rotor on the
sliding bearing. m, 1s the concentrated weight of the rotor
on the disc. Tt is the elastic shaft without weight between
the sliding bearing and the disk. R is the radius of the
sliding bearing. . is the length of the sliding bearing.
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Fig. 1: Model of the rotor-bearing system

In the complex plane, z = x+1y. The nonlinear dynamic
equation of the system is expressed as follows:

(1)

Mi+Dz+Kz=G+F +F,,

In this equation, M 1s the weight matrix, D 1s the
damping matrix, K 1s the stiffness matrix, G 1s the gravity
vector, F, is the unbalanced force vector, F,, is the
rubbing force.

Kinetic equation 1s expressed as follows:
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(1)

Nonlinear rubbing force: The rubbing force 1s
decomposed as P, and P, by coulomb law of friction. P, is
the radial rubbing force, P, is the tangential rubbing force.
¢ is the average oil film thickness. If ¥=x/c. ¥=y/¢,
In the x-y Coordinate System, the rubbing force after
non-dimensionalization could be show as follows:
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In this equation, 8, 1s the gap between the stator and
disk rotor, k. is the radial stiffness of the stator, f is the
friction coefficient. r is the radial displacement of disc
rotor, shows as follows:
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Dimensionless model of nonlinear oil-film force: In the
rotor-sliding bearing system, because the perturbations of
axle journal, lubricant in the bearing will be rotated and
formed the oil film, then the bracing force hold up the
rotor. All the model of o1l force 13 based on Reynolds
equation and the pressure on the boundary film is zero.
Capone proposed a model about nonlinear oil-film force
on the infinitely short jownal bearing in 1991, the
calculating results shows better accuracy and
convergence (Chen and Zhang, 2011).

The force after non-dumensionalization shows as
follows:

B

We can get the equation as follows by decomposed
to radial direction and axis direction:
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CONCLUSION

This study studied a rub-impact dynamaical behavior
of a nonlinear rigid rotor-bearing system with nonlinear oil
film force. The bifurcation and the chaos character of the
rotor-bearing with operating speed changing are analyzed.
The effect of the system parameter on the dynamical
character 1s studied. The motion character with
impect-rubbing in the system is obtained. There are
doubling-periods, approximate-periods and chaos
behaviors in the rotor system.

Through calculation and analysis, we can obtain the
following conclusions.

As the rotation speed increases, the steady-state
response of the system became more complex,
from periodic motion to p-K periodic motion, eventually
into a chaotic state. As the radial stiffness of the stator
increases, the steady-state response of the system
became more stability. As the eccentric weight of disk
rotor increases, the steady-state response of the system
became more stability. The response of the system
always has chaos behaviors. As the eccentric weight of
disk rotor increases, system gradually evolved into the
quasi-periodic motion and periodic motion.
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