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ABSTRACT

This research considers model-based verification of dynamic stability in rotor
systems where contact interaction between rotor and stator may occur across a small
annular clearance space. A Nyquist-type frequency response criteria is used to predict
the stability boundary for operation of an experimental rotor-stator system under
forward whirl synchronous vibration. The main purpose of this study was to
determine the rotational frequency range and unbalance conditions of an experimental
rotor-stator system that may permit contact-free whirl to transgress to whirl with
rotor-stator contact and compare these results with theoretical predictions.

The rotor-stator set used in this research consists of a flexible rotor supported
by ball-bearings at both ends. The AMB unit and contact test unit were installed at
approximately 1/3 and 2/3 along the length of the shaft. This rotor has first two
natural frequencies of 20 Hz and 68 Hz approximately. This research focuses on the
running range covering two critical speeds of the rotor. The radial clearance between
rotor and stator in the plane of contact is 0.5 mm. For contact test unit, the stator
housing is supported by four rods which can be adjusted in length between housing
and stator base to change stator support stiffness and hence natural frequency. The
AMB was used to modify some characteristics of the rotor and exert synchronous
forces which are used in the contact tests. This test rig is designed to reproduce the
dynamic characteristic of an industrial machine with flexible rotor.
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Mathematical modelling of the rotor structure was based on the Finite Element
Method (FEM). The element equations were calculated including translational,
rotational and gyroscopic effects. The critical speeds of the rotor were predicted to be
21 and 66 Hz. The rotor model is combined with the stator model which is a lumped
mass model.

In the first part of the methodology, the stator natural frequency was set to 235
Hz. The experimental data for the boundary of stability of contact-free whirl was
compared with data obtained from the Nyquist type-frequency response criterion for
the rotor-stator model. The boundary curve from the model looks similar to the curve
from the experiment but there was an offset between the two curves. To improve the
accuracy of the theoretical model, two uncertain parameters in the model were
changed. One of the two parameters was the contact stiffness k. The second parameter
was friction angle ¢. The suitable friction angle for the system was approximately
$=8.5 degree and contact stiffness was k=370370 N/m, to give best results.

The second part of the methodology was to investigate the influence of system
physical parameters on the stability behaviour. In these tests we changed two
parameters. First was rotor damping, for which two cases were considered with higher
damping and lower damping. The second was stator natural frequency, which was
changed from 235 Hz to 40 Hz. For the six comparisons made between experimental
unstable boundary and model unstable boundary we can conclude that the unstable
model curve follows the trend of the experimental curve. This result confirms that it is
possible to have useful model-based prediction for this system. The accuracy of this
prediction is fair because sometimes we found there are some frequency offset and
ratio offset between the experimental and theoretical boundary.



