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Abstract

For rotating machines with relatively long flexible rotors there may be axial location
where small clearances exist between the rotor and stator. If the deflection of the rotor due
to vibration exceeds the clearance space then rotor-stator contact will occur and this may
lead the machine to malfunction or cause damage. This thesis proposes novel strategies for
active vibration control to prevent unwanted rotor-stator interaction behaviours. Possible
behaviours that are considered include coupled synchronous whirl of rotor and stator and

friction-driven backward whirl.

A novel model-based approach to predict the possibility of nonlinear vibration response
involving rotor-stator interaction is proposed. Thisapproach is based on Lyapunov stability
analysis of a steady orbit involving a forward whirl. A dynamic feedback control based on
measurement of rotor-stator interaction forces is further proposed. A multi-mode
rotordynamic model was developed in order to design controllers and evaluate
performance. Experiments were undertaken in order to validate practical use of the

proposed control technique.

The test rig was built to mimic a general rotating machine with flexible rotor and compliant
stator. The system was designed to have dynamic characteristics such that rotor-stator
coupled whirl response behaviour could be produced over a range of rotational speeds both
with and without significant friction at the location of contact. An active magnetic bearing



was used to apply control forces to the rotor. A rotor-stator interaction mechanism was
located in a separate plane. A dynamic model was derived in order to describe vibration of
the rotor and the rotor-stator interaction behaviour. The rotor was represented as a flexible
body and the stator represented as two identical spring-mass-damper systems for vertical
and horizontal motion. Their dynamic properties were incorporated within a dynamic
model of the whole system. Friction arising from rotor-stator contact was also accounted

for in the model.

A simulation study to determine possible vibration behaviours was undertaken based on
the system’s equations of motion. Parametric regions where alternative high amplitude
vibration modes and backward whirl solutions could occur were predicted by using the
Lyapunov-based approach. This involved formulating stability conditions in the form of
LMI constraints that could be checked for feasible solutions using numerical routines for
convex optimization. Using this approach, parametric boundaries for a forward whirl
solution to be globally stable could be obtained. The simulation and experimental results
show that a jump in vibration from contact-free response to coupled whirl could occur for
rotational speeds above the natural frequency of the rotor structure or of the stator

structure.

Simulations were also obtained to investigate the influence of friction at the rotor-stator
contact interface on the vibration response. With significant but relatively low friction,
the rotor whirl exhibits a limit-cycle orbit involving bouncing motion. With high friction,
the rotor whirl transgresses to a friction driven full backward whirl instability with a
perpetual growth in vibration amplitude.

A vibration control strategy was formulated according to an observer-based structure and
involving dynamic force feedback. The input signals to the controller were the measured
rotor-stator interaction forces while the output signals were the forces applied to the rotor
through the magnetic bearing. The dynamic controller gain was synthesized based on a
closed loop system model and the global stability condition for a contact-free orbit. The

controller was implemented and shown to be successful in preventing amplitude jump



behaviour i.e. transgressions from contact-free vibration to sustained coupled vibration of

rotor and stator.

The experiments for rotor-stator coupled whirl with friction were also undertaken. Al-
though the vibration patterns in the experiments did not exactly match those in the
simulation results, the experimental results did indicate that an initial bouncing phase of

back- ward whirl could be prevented using the proposed control method.



