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In Chapter 3, the mathematical modeling of the air gap magnetic flux density of the 

vernier motor is described first. Secondly, the analytical calculation results are 

compared with FEM and evaluated, and the analysis of the characteristics according 

to various pole combinations is performed. Next, a method to obtain design parameters 

with optimum values of the magnetic flux density space harmonic using the analytical 

calculation method is proposed and evaluated its effectiveness by comparing FEM and 

results. 

In Chapter 4, this paper is summarized and future works of each chapter are 

described.
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and 3.3, the process of the mathematical modeling of surface permanent magnet 

vernier motors is performed step by step, and the results are compared with FEM and 

evaluated. Chapter 3.4 presents a design methodology for vernier motors that brings 

its torque-maximizing structure using mathematical modeling methods . Next, the 

comparative analysis is performed on the characteristics of the variation of the pole 

ratio and the number of winding poles pairs . Finally, a surface permanent magnet 

vernier linear motor is designed by applying the design procedure and the effectiveness 

of the design process methodology is evaluated by comparing the torque-speed 

characteristics of the designed model with the existing model.  

Chapter 4 summarizes this paper.  
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quickly analyze the N-T characteristics of a magnetic geared motor. Results such as a 

magnetic flux density in the inner and outer air gaps, the back-EMF and the N-T 

characteristics were verified and compared with the FEM and experiment on a 

prototype model. The analytical calculation method showed a good agreement with both 

the FEM results and the experimental results obtained from the prototype model. In 

future works, an efficient design method by searching for the optimal design 

parameters using this calculation method will be proposed.  
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the analytical method are compared with the 2-D FEM. EMF voltage and torque 

according to a various slot opening ratios and thickness of the rotor permanent 

magnets are calculated and displayed graphically and it can be seen that the analytical 

calculation method is superior through the almost same result. Next, the design 

methodology is presented to have the maximum torque of the surface permanent 

magnet type vernier motor using the analytical method. Then, the results of the 2-D 

FEM are obtained for each of 8 vernier motors designed using the design procedure, 

and the results are used to compare the characteristics of the surface permanent 

magnet vernier motor according to the pole ratio and winding pole number.  Finally, the 

surface permanent magnet vernier linear motor was designed through the design 

procedure and evaluated the proposed design methodology by comparing the results 

with the previously studied models.  

This paper has described its features in detail by performing mathematical modeling 

of two types of motors with a magnetic geared effect. In the case of vernier motors, it 

will be possible to reduce significantly the time consumed in designing vernier motors 

applicable to electric automobiles and other industrial electrical machines by the 

suggested design procedure and analytical calculation method.  Thus, it is expected to 

contribute to the technological development of vernier motors and magnetic geared 

motor in the future. 
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