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INFLUENCE OF WINDING SCHEME ON THE IRON-LOSS
DISTRIBUTION IN PERMANENT MAGNET SYNCHRONOUS MACHINES

Georg von Pfingsten, Simon Steentjes, Marco Hombitzer, and Kay Hameyer, Senior Member IEEE

Institute of Electrical Machines, RWTH Aachen University, Schinkelstrale 4, 52062 Aachen, Germany

The influence of winding scheme (single-tooth, distributed (pitched, unpitched)) on iron-loss
distribution in rotor and stator of electrical machines is to a large extent unknown. At present
windings are primarily selected with respect to back-EMF harmonics and torque fluctuation. The
influence of iron losses and in particular their local distribution (of these heat sources) in the
machine is disregarded [1]. Moreover minor-loop hysteresis losses are not considered in most of the
used iron-loss models. This leads to inaccurate results [2] and to an erroneous analysis of loss-
distribution, i.e., heat source prediction.

For interior permanent magnet synchronous machines (IPMSM) the rotor temperature has to be
considered. For variable-speed drives losses have to be calculated for every operating point. Hence
the distribution of iron losses is investigated in the full paper for various operating points of an
IPMSM. The influence of winding scheme on iron losses and iron-loss distribution is investigated
using the in-house Finite Element package pyMOQOSE [3]. The iron losses are determined by means
of the IEM-Formula which has been presented in [2, 4].
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The iron-loss distribution in the rotor of an IPMSM with
single-tooth winding at 6,000 min™ and 100 Nm is shown on
the left (top). It can be seen, that the iron-loss density close to
the rotor surface is significantly higher when compared to the
bulk material. The iron-loss density close to the rotor surface
is higher for machines with a higher number of stator teeth
(distributed winding) due to higher slot harmonics. However,
it decreases for such machines within shorter distances from
the rotor surface.

The iron losses are calculated for various operating points
in speed and torque. Field-weakening is considered so that at
no point the maximum supply voltage will be exceeded. The
evaluation of the ratio between rotor iron losses and overall
iron losses is visualized on the left (bottom). Obviously the
ratio between rotor and stator iron losses reaches up to 0.2 at
speeds above 10,000 min™ and maximum possible torque. The

rotor iron losses are studied in detail in the full paper. To produce comparable results, the losses are
calculated at the same torque-speed operating-points. All stators are optimized to yield the highest
torque while leading to lowest flux distortions.
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