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ABSTRACT

This thesis investigates methods to improve the performance of shaft-disc systems by 

focusing on their bearings. It explores two main bearing types: oil film and permanent 

magnet bearings (PMBs). The research introduces a new approach that combines finite 

element analysis (FEM) with semi-analytical methods to analyze these bearings and 

determine their stiffness and other vital characteristics. Additionally, it delves into 

hybrid systems that combine oil film and PMBs, providing valuable insights for 

designers of such systems. The first part of the thesis establishes the research 

motivations and objectives. These include reviewing past research for the load capacity 

of bearings in shaft-disc systems and studying both oil film and PMBs. It also explores 

various computational methods for estimating the forces acting on a short cylindrical 

journal bearing with an oil film. It compares the accuracy and efficiency of these 

methods, helping designers choose the most suitable approach based on their specific 

needs. It further presents a method using FEM to estimate the characteristic parameters 

of hydrodynamic journal bearings under static conditions. This method offers improved 

accuracy compared to traditional methods. 

Further, the research introduces a basic non-dimensional model for a PMB 

configuration. While this model exhibits axial instability, it can be stabilized by 

implementing specific design features. This chapter focuses on non-dimensional 

parameters, which allow for broader application compared to analyzing specific 

dimensional values. In persuasion of PMB simulation, it presents a novel semi-

analytical FEM approach for analyzing PMBs. This method offers advantages over 

existing methods by providing a more complete picture of the bearing's stiffness 

characteristics, including angular stiffness. It also offers guidance for designers in 

optimizing PMB parameters. Finally, it presents a detailed analytical model for a hybrid 

system combining oil film and PMB technologies. This model allows designers to 

assess the suitability of such hybrid systems for their specific applications. It highlights 

potential benefits like improved stability, increased ranges of operational speeds, and 

enhanced load capacity compared to traditional oil film bearings. In conclusion, this 

thesis offers a comprehensive simulation study of hybrid systems of bearings, providing 

valuable approach and knowledge for designers working with oil film bearings, PMBs, 




