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Abstract

Recent research in the field of vehicle electrification has indicated that synchronous machines,

which include the permanent magnet synchronous machine (PMSM) and the externally excited

synchronous machine (EESM), represent a viable solution for electric propulsion. A challeng-

ing problem for synchronous machines drives employed in automotive applications is to obtain

accurate mathematical models which can deal with parametric variation and which are suitable

for real–time simulations and synthesis of control laws. The goal of this paper is to provide a

mathematical modeling framework for synchronous machines that can answer to this challeng-

ing problem. To this end, using the rotor reference frame, the mathematical models of PMSMs

and EESMs are constructed taking into account also the parametric variation due to magnetic sat-

uration and temperature variation. Then, a complex state–space bilinear model for both EESM

and PMSM with parametric variation due to magnetic saturation and temperature are developed.

Considering the parametric variation as a polytopic bounded disturbance, it is then shown how

to split the bilinear complex model in two PWA variable parameter state-space models suitable

for a cascade control structure. Based on the developed models, a dynamic unified simulator was

constructed in Matlab R©/Simulink R©. Measurement data obtained in a real test–bench system were

used to verify the accuracy of the simulator. The discrete–time simulator was then integrated in an

industrial hardware–in–the–loop test bench for real–time evaluation of a current control scheme

in EESM drives.
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