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ABSTRACT

The rotating machines often have to deal with the deviations of the shaft due to the rotor
dynamics. These deviations are caused by different reasons, like nonlinear electromagnetic
forces, external disturbance forces, gyroscopic effects, coupling and system parameter variations
etc. The active magnetic bearing (AMB) is employed to support the shaft in the air and control
the displacements in the rotors. The applications of AMB in industries have been expanded due
to the various advantages over traditional mechanical bearings. Some of the notable advantages
are less energy utilization, high speed rotation, reduced friction losses, reduced vibration and
noise, higher longevity, etc. The aim of this thesis is to present a comprehensive idea on
the modeling and controller design for distributed and lumped parameter AMB models. For
distributed parameter AMB system, a robust control strategy like Sliding mode control (SMC)
is proposed. Furthermore, different robust and optimal control strategies are proposed for
lumped parameter AMB model.

The modeling and control of AMB system is a complex task. Modeling can be classified
into two aspects: Analytical modeling and Numerical modeling. In numerical modeling, the
model is developed using partial differential equations, but to solve PDE is a complex task.
The other option is to discretize the PDEs with the help of discretization method, which will
give large numbers of Ordinary Differential Equations (ODE’s). But FE models are generally
large, involving large numbers of ordinary equations and variables, makes their solution a time
consuming process. Hence, a lower dimensional computational model is also known as Reduced
Order Model (ROM), need to be generated. This conversion can be done by various Model
Order Reduction (MOR) techniques based on eigenvalue decomposition, balance truncation,
Krylov subspace, etc.

Controller design for AMBs is another challenge. However, in this thesis, sliding mode

control (SMC), has been used to design controllers for distributed AMB model, where the



ROM is used as an observer. Further in SMC, the best solution to alleviate the chattering
phenomenon, without losing the invariance property of sliding mode against uncertainties, is
the use of higher-order SMC (HOSMC) techniques. This thesis proposes the design of higher-
order sliding mode control of the lumped AMB system, considering limited or no knowledge
of the upper bound of the disturbances, where the finite time convergence is achieved. This
was motivated by the desire for designing adaptive integral second order and third order SMC
for AMB system. To reduce the chattering phenomenon in SMC, Fuzzy sliding mode inspired
control (FSMIC) is also designed, where the bound of the lumped uncertainty is known in
advance.

Furthermore in this thesis, a relatively new numerical optimal control method called the
Pseudospectral method (PSM) has been used for minimizing the time-energy consumption
of the nonlinear AMB system while driving the states to their desired end point conditions.
PSM converts nonlinear optimal control problem to nonlinear programming problem (NLP) by
discretizing the cost function, states and controls with the help of orthogonal functions. Also,
the method is easy to implement even for nonlinear systems, and gives relatively fast rate of
convergence. Finally, the last chapter describes a summary of thesis contributions along with
the pros and cons of different control techniques and future directions of the research for AMB

system.

Keywords: Active magnetic bearing, Sliding mode control, Distributed parameter system,
Lumped parameter system, Higher order sliding mode control, Fuzzy logic, Pseudospectral

method.
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