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Abstract: Aiming at the structural form of a certain rotor system, a double-span three-support rotor system

model is established. It is supported by three rolling bearings and has a typical nonlinear characteristic. The
fourth-order Runge-Kutta method is used to solve the differential equations and analyze the nonlinear
dynamic characteristics of the rotor system when the radial clearance of the bearing changed. The research
results: with the increase of the rear bearing radial clearance, the rotor system performs single cycle, periodic
two and pseudo-periodic motion. With the three location bearing radial clearance increases, the rotor system
performs single cycle, periodic two and periodic four motion. When the radial clearance is bigger, the rotor

system performs two periodic motion. The influence law of radial clearance on double span three - braced

rotor system is shown.

1 The introduction

The rolling bearing is widely used in the rotor system of
ship-used gas turbine, aero-engine and other rotating
power machinery. It has the advantages of small kinematic
friction coefficient, light weight, easy installation and
cooling, etc. The research on the nonlinear dynamic
characteristics of the rolling bearing rotor system at home
and abroad has made great achievements.

Tiwari M and Gupta K[ studies the nonlinear
influence of bearing radial clearance on bearing rotor
system, and obtains the influence law of bearing radial
clearance on system dynamics. Mevel B et al. %l establish
a two-degree-of-freedom rotor system model of rolling
bearing, considered the radial clearance of the bearing,
studied the influence of the change of damping on the
bifurcation chaos characteristics of the system, and found
three ways to chaos. C. Guo et al. Il establish a dynamic
model of rolling bearing rotor system with symmetrical
support of three degrees of freedom. H. Bao-chai et al. [
establish the dynamic model of the single-degree of
freedom rotor system. Y. Ru et al. [*! establish the dynamic
model of the offset rotor system of the rolling bearing. L.
Ming-xuanl®!, Z. Chun-jin”, W. Mei-ling et al.®! take the
Jeffcott rotor as the research object, establish the nonlinear
dynamics model of the offset rotor system of rolling
bearing, and studies the influence of offset distance and
radial clearance of bearing on the nonlinear dynamics of
the rotor subsystem.

The previous literature mainly focuses on the simple
rotor system model and adopts the same supporting
bearing. However, a low-pressure rotor system of a gas
turbine is supported by three rolling bearings, namely a
ball bearing and two cylindrical rolling bearings, with
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asymmetric support. Therefore, it is necessary to establish
and study a double-span three-support bearing rotor
system model.

2 Dynamic model of double-span three-
support rotor.

2.1 Nonlinear bearing force model for rolling
bearing

The bearing of the rolling bearing has strong linearity. The
radial clearance and nonlinear contact of the rolling
bearing should be considered. According to Hertz contact
theory, the nonlinear bearing force of the rolling bearing
is obtained, and the formula of the nonlinear bearing force
of the rolling bearing is obtained. The & is the nonlinear

Hertz contact stiffness.
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When the rolling bearing is a ball bearing, n=3/2; when
the rolling bearing is a cylindrical rolling bearing, n=10/9.
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2.2 Dynamic model of rotor system

The low pressure compressor rotor of a gas turbine is
simplified as a two-span three-support rotor system,
which has the characteristic of supporting asymmetry.
Front support is a ball bearing, Intermediate support and
rear support is a cylindrical rolling bearing. The rotor has
concentrated mass at the bearing and turntable with
massless elastic shaft between the turntable and bearings.
The model ignores torsional and axial vibration of the
rotor, only the transverse vibration. Each concentrated
mass only considers the degrees of freedom in the x and y
directions.

From Lagrange equation of the second kind of
dissipative system, the dynamic differential equations of
low-pressure rotor system of gas turbine can be obtained
in formula (2).
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Fig.1 The dynamics model of a low-pressure rotor
system for a marine gas turbine

3 The influence of bearing radial
clearance on the nonlinear dynamics of
the system

As the radial clearance of the rear bearing changes, the
bifurcation diagram of the disc 2 horizontal displacement
Xp2 is shown in Fig.2. It can be found that the nonlinear
characteristics of disc 2 changes. The Poincare section
diagram is shown in Fig.3 with the radial clearance of 2um
20um and 28um. The radial clearance of 2um, the
Poincare section diagram is only an isolated points. It fully
illustrates the disc 2 has a single periodic motion. When
the radial clearance of the rear bearing is 20um, there are
two isolated points in the Poincare section diagram,
indicating that the disc 2 is in cycle two motion and has
been in cycle two motion for a long time. The disk 2 enters
the period two movement through the period-doubling
bifurcation pathway. When the radial clearance of the rear
bearing is 28um, the Poincare section diagram is a closed
circle, indicating that the disc 2 is in a quasi-periodic
motion state.
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Fig.2 The bifurcation diagram of Xp2 with the change of the radial
clearance of the rear bearing
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Fig.3 The Poincare section diagram of the rear bearing with the 0 L4
different radial clearance
-2
As the radial clearance of the three bearings changes, Y ;
the bifurcation diagram of the disc 2 horizontal -5 0 5
displacement Xp2 is shown in Fig.4.As the radial Xp2 . L
clearance of the bearing changes, it can be seen from the Gr=8um
figure that the nonlinear characteristics of the disc 2 have 0015
complex changes. With different radial clearances, The
Poincare section diagram of Xp2 is shown in Fig.5. When il
the radial clearance is Sum, there is only one isolated point 0.0050 o -
on the Poincare section diagram. When the radial 3 O e -
clearance is 8um, there are only two isolated points on the e
Poincare section diagram. When the radial clearance is -0. 005
20um, the Poincare section diagram shows four isolated 0. 01
points. When the radial clearance is 28pum, the Poincare
section diagram is again two isolated points. It shows that 0 T o 0 0l 002
with the change of radial clearance, the disc 2 has a Xp2
bifurcation process of single cycle, cycle two, cycle four Gr=20um

and cycle two in sequence. It is found that the nonlinear
characteristic of the system varies with the bearing radial
clearance.
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4 Conclusion

This article takes a gas turbine low pressure rotor system
as the research object, and establishes the double spans
three supports plate rolling bearing rotor system dynamics
model. The influence of bearing radial clearance on the
nonlinear dynamic characteristics of the rotor system is
studied. The results show:

As the radial clearance of the rear bearing increases,
the rotor system performs single-cycle, two-cycle and
quasi-cycle motion. When the radial clearances of the
three bearings change at the same time, the system enters
into a multi-period movement through a period-doubling
bifurcation approach. When the radial clearance exceeds
a certain range, because the radial clearance is too large,
the system performs a cycle two movement.
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