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Modeling and Control of Air Turbine Spindles Using Rotary Magnetorheological
Damper for Enhanced Performance
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The dissertation presents the performance enhancement of an air turbine spindle
by using a rotary Magnetorheological (MR) Fluid damper. The research aims to
improve the rotation speed control of air turbine spindle, especially in the rotation
speed range below 500 [min']. The MR fluid damper is characterized by its ability
to control the resistance torque that depends on the applied magnetic field by
adjusting the applied electrical current. According to this characteristic, the MR
fluid damper is incorporated into the air turbine spindle in order to improve the
rotational speed in the range of low- speed.




The research’s direction is to enhance the performance of the rotation speed
measurement system for an air turbine spindle by integrating it with MR fluid
damper. To achieve the rotational speed control improvement, the Hall sensor was
selected to measure the rotational speed and the torque that is generated by MR
fluid damper. The characteristics of the MR fluid damper were studied by
measuring and estimating the generated torque.

The rotation speed control experiments of the air turbine spindle were conducted
by evaluating the effect of the torque generated by the MR fluid damper based on
the three electrical current supply conditions: no current supply, constant current
supply, and controlled current supply. The experimental results showed that the MR
fluid damper with the condition of controlled current supply has the best
performance, with the rotation speed settling into the target value and the
fluctuations of the air supply pressure and rotation speed are kept small when the
rotation speed is the target value. Moreover, it was confirmed that the MR fluid
damper has sufficient energy efficiency under the conditions.

The following shows the structure of the dissertation.

Chapter 1 presents the research background problem statement of air turbine
spindle and MR-fluid damper.

Chapter 2 describes the methodology used in this study, the control system of the
air turbine spindle, the principle of magnetorheological fluid, and the concept of the
Hall effect sensor.

Chapter 3 explains the testing components, control system, measurement sensors,
installation, and experiment procedure for controlling the air turbine spindle.

Chapter 4 shows the characteristics of the MR fluid damper that connects with the
air turbine spindle measurement and the rotational speed control experiment
results of the air turbine spindle.

Chapter 5 shows examples of applications using the air turbine spindle system.

Lastly, Chapter 6 presents the conclusion and discussion to guide the future
improvement of the air turbine system.
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