ISEF 2007 - XIII International Symposium on Electragnetic Fields
in Mechatronics, Electrical and Electronic Engirieg

Prague, Czech Republic, September 13-15, 2007

Influence of the magnetic anisotropy on electricainachines

M. Herranz Gracia, K. Hameyer

Insitute of Electrical Machines, RWTH Aemn University, SchinkelstralRe 4 D-52056 Germany,
Mercedes.HerranzGracia@iem.rwth-aachen.de

Abstract — Non grain-oriented electrical steel has an inherg anisotropy, which is normally
neglected in the calculation of electrical machinesvioreover, the magnetic anisotropy is usually
measured in small material samples. Due to the cutlg effect, the magnetic anisotropy in the
machine is not the same as in the sample. In thigper, the magnetic anisotropy is considered as
a global problem. A measurement method is presenteand its influence on the electromagnetic
and mechanical behavior is considered through thexample of an induction motor.

Introduction

Non grain-oriented electrical steel and hence stattmachines have an inherent anisotropy dubeovariation
of the magnetic properties in rolling and perpeunt#ic to rolling direction. Moreover, the cuttingggess has a
different influence in these two directions. Theref the standard procedure of measurement ofrtiseteopy
in samples of the material [1] and not directlytire machine is not appropriate for a detailed stulthe
influence of the anisotropy in the magnetic lossethe machine has already been widely studiedBgj}. the
anisotropy acts also like an eccentricity with deuperiodicity and, therefore, generates harmoimcthe air
gap, which influence the torque and the radialdavn the stator i.e. the acoustic behavior of thehime. These
effects have been treated only briefly in the #tare [2][3]. This paper presents a global view tbe
problematic of the magnetic anisotropy. A test getin measure the anisotropy directly on the stafothe
machine is presented. Measurements are conducigd iimduction motor. The influence in the electrgmetic
and mechanical behavior of the machine is studiedlytically and through FE simulation.

Test setup and measurements
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Fig.1 Measurement of the magnetic anisotropy irts@and frequency domain.



A variation of the differential method presented4i is used here to measure the magnetic anisptobphe
stator of an induction motor. A 2-pole rotor islhuso that the magnetic flux flows in and out gtator through
teeth with the same angle to the rolling directihe rotor is driven by a stepper motor at 0.028ad the
magnetic anisotropy is measured through the chafdke current in the rotor winding, which is fedthva
constant 50-Hz voltage. This frequency componefittéged on-line in order to acquire only the chas in the
rms of the current. Fig. 1 shows the measuremespate and frequency domain for a stator with 8®sslot
and 26 cutting notch. These both orders appearlgleathe measurement but they do not mask tHeo&ler,
which corresponds to the magnetic anisotropy.o=@° the rotor is aligned with the rolling directiomhere the
magnetic resistance is minimal. Then the indugtiat the rotor winding is also minimal and, themefothe
current is maximal.

Electromagnetic and mechanical simulation

The influence of the anisotropy in the electromaignbehavior of the machine is studied analyticediyd
through FE simulation. The results of the electrgnaic simulation are used together with an anzdyti
mechanical model for the study of the deformationttie machine. Figure 2 shows the torque and the
deformation of the stator of the machine. The m#gmamisotropy has a significant influence in bo#ses.
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Fig.2 Torque and deformation of the induction maetfor different values of the magnetic anisotropy.

Conclusions

This paper has shown that the magnetic anisotrépypo grain-oriented electrical steel has an infbesin the
electromagnetic and acoustic behavior of an indactnachine, although this effect is normally netgldc
Furthermore, a test procedure is presented to meedbe magnetic anisotropy directly in the statbrtte
machine. Further and detailed measurements antisresll be presented in the full paper.
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