
 

Practical Aspects in Modern Design Process of Electric Motors 

Abstract: 

There is currently wide and renewed interest in the research and development of electrical machines. On-going 
efforts are fueled by the need for the new generations of “green” products, such as hybrid and electric vehicles, 
wind power generators and ultra high-efficiency home appliances. 
The tutorial covers from an industrial perspective some of the latest developments in the subject area and includes 
timely topics such as heating and ventilation, the effect of manufacturing tolerances, the influence of fabrication 
processes on material properties, the unbalanced magnetic pull and the torque ripple due to eccentricity, 
manufacturing technologies like segmented stators for brushless PM machines and die-cast copper rotors for 
induction motors, the role of computer aided engineering in the industrial environment. 
The fundamental theory of brushless DC, inverter and line-fed synchronous PM, induction and switched reluctance 
machines is briefly reviewed. The relative merits of each machine type are discussed. The state of the art 
topologies and the emerging trends are also presented. Particular emphasis is placed on the possible shortage of 
NdFeB magnets and on potential alternatives for rare-earth free or even magnet free solutions. 
The presentation includes the main aspects of power electronics and controls directly affecting the electric 
machines. Topics such as the risk for PM demagnetization, the effect of switching frequency, supplementary losses 
and heating are discussed. 
Design procedures that include a multi-physics approach encompassing the electromagnetic and the thermal field 
together with the mechanical stress are described. The electromagnetic methods range from analytical closed-form 
techniques to ultra-fast simplified FEA and time stepping transient FEA. A lumped parameter model is preferred 
for the thermal study. Extensive details are provided for the thermal analysis of electric machines, which is a topic 
less covered in the published literature.  
Many examples are provided from a variety of industries ranging from very small motors for house hold 
appliances, to fans and pumps that account for the largest proportion of energy consumption and go all the way to 
some of the largest traction motors and generators developed for renewable and alternative energy applications. A 
discussion of the trends and anticipated industry developments is also included. 
The course topics are structured as follows:  
(I) Efficient multi-physics analysis of electrical motors 
(II) Thermal analysis of electrical machines – the neglected design aspect 
(III) Application example – Interior permanent magnet motor 
(IV) Manufacturing process effects on the electrical motors design procedures 
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