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Abstract

The magnetic circuits of electrical machines are nowadays highly utilized. This statement is true for
the magnetic as well as the electric circuit and depicts that significant enhancements of electrical
machines are difficult to achieve. In this contribution we will focus on the discussion on parasitic loss
mechanisms of the electrical machines’ ferromagnetic material.

Introduction

Most of the electric motors are speed variable drives. The material utilization is therefore depending
on the drive cycle of the machines’ application. Optimizing the drive for a specific working point is
not constructive. For instance in order to determine the overall efficiency for an entire drive cycle all
working points have to be considered including their frequency of occurrence. These findings are of
course not new and are considered usually by the motor designers. However, the rigorous knowledge
of the different loss mechanisms, e.g. the iron losses, can enable the possibility to exploit specific loss
effects to enhance the drive in particular working points or for specific operational conditions. On the
other hand the most appropriate material choice can be realized with this specific knowledge [1].

In numerical simulations of electric motors, various material models can be employed to obtain realistic
data for the iron losses. In such models, there are basically single components of hysteresis, eddy current
and excess losses [2-4] specified. Specific empiric factors calibrate such formulae to the particular
material operated at defined frequency and polarization. In highly utilized and speed variable drives,
this approach is rather inaccurate and therefore inappropriate [5].

Parasitic loss mechanism

To further enhance the properties of electric motors the accurate determination by idealized model
assumptions of the locally distributed iron losses alone is not sufficient [5,6]. Other loss generating
effects have to be considered and it must be possible to distinguish between the causes of particular loss
components. In fact, the parasitic loss mechanisms which additionally contribute to the total losses are
originated next to the fundamental frequency, from field harmonics, from the ferromagnetic material’s
non-linearity, from rotational magnetizations and from effects caused by the machines’ manufacturing
process or from temperature. Such losses are not explicitly determined in the common models, probably
even not specifically contained in the mentioned calibration factors. Effects which are manufacturing
or process dependent can e.g. roughly be allocated to the cutting, respectively punching process, to
imposed mechanical strain or stress to the material or can be temperature dependent.

Material modeling

An improved estimation of iron losses is indispensable, which is applicable in a wide range of frequency
and flux density [5]. Fig. 1 (top) shows a comparison between the state-of-art iron-loss formula and
the 5-Parameter-IEM-Formula, which considers phenomenological the material saturation effects. In
addition parasitic loss inducing effects, particularly occurring in electrical machines, such as higher
harmonics, de-biased magnetizations and rotational fields need to be taken into account [6, 9]. Likewise,
the mechanical properties get more and more important. Firstly, for reasons of yield strength and
secondly for processing reasons. The deteriorating effect of material processing, such as guillotine or
laser cutting and punching, needs to be included in the iron loss calculation [7,8]. For example, Fig.
1 (bottom) shows the deteriorating effect on iron losses due to cutting and the error made when
assuming a non-degraded material.

Examples

Depending on the operating point in electrical machines, copper losses and iron losses make a different
share in the overall loss. For high torques the ohmic losses are dominant. For high speeds the iron
losses dominate.

The local loss distribution within the machine is important in permanent magnet excited machines.
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Although they make a small portion of the overall losses they have to be analyzed because of rotor
temperature. Depending on the operating point, the rotor hysteresis losses make a significant share in
the rotor iron losses (Fig. 2) [9].

Conclusions

The approach being able to distinguish between different loss mechanisms enables to individually
consider particular loss mechanisms in the model of the electric motor particular loss mechanism or
not. With this, a sensibility analysis of the model parameter can be performed in such a way, that
we obtain information about which loss origin for which working point has to be manipulated by the
electromagnetic design of the machine or by the control of the motor’s electric quantities to enhance
the properties, e.g. the efficiency of the machine.

The understanding of the loss mechanisms in electrical steel is important for machine designers as well
as for manufacturers of electric steel.
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