
Abstract: 
 

From toys to space applications, electrical machines that vary in volume, configuration and level 
of complexity exist in our world. Most machines require complex analysis although that with 
the aid of many simplification assumptions or empirical data, equivalent circuit representations 
could be utilized for analysis and control. However, creating accurate design tools that can 
really catch the particularities of electrical machines is not an easy task and requires a large 
amount of research effort. As such, much research effort is dedicated to fast and versatile 
design tools. Within Eindhoven University of Technology (www.tue.nl/epe) we focus on semi-
analytical techniques that are fast and provide physical insight into the modelling. Indeed, 
creating accurate electrical machine models is only possible with a detailed physical 
understanding of electrical machines. To obtain these accurate results, the equivalent circuit 
parameters should be determined accurately. For existing machines, this can be done well by 
means of measurements and empirical corrections. During machine design, however, a 
prototype machine is generally not available for measurements. Therefore, empirical equations 
and simplified models are conventionally used to calculate estimates of the parameters. The 
influences of leakage inductances, saturation, skin effects and higher harmonics are accounted 
for by correction coefficients or extensions of the standard equivalent circuit. In practice, 
however, the obtained parameter values often require tuning to match the calculation results 
with measurement results. Further, a real limitation of using equivalent models is that it 
represents the magnetic field from a high abstraction level. In this respect, more detailed 
knowledge about the magnetic field distribution is desired for design purposes. Therefore, 
models that include details of the magnetic field are the basis for future electrical machine 
design. As such, they will stretch the boundaries of analytical and multi-disciplinary research to 
design electrical devices specifically for various applications with particular emphasis on how 
these devices enable sustainability and their uniqueness in terms of multi-disciplinary research. 
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