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Fig.1 Improved Epstein frame measurement system
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Fig.3 Comparison of hysteresis loops at sinusoidal

and unsinusoidal excitation
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Magnetic properties measurement and modeling for electrical steel sheet
under PWM excitation condition

LIU Zhen', ZHANG Dian-hai*, HAN Yu’, XUE Qian', YANG Zhao-hui', REN Zi-yan®
(1. CRCC Dalian Locomotive & Rolling Stock Co., Ltd., Dalian 116300, China; 2. Liaoning Key
Laboratory of Modern Electrical Equipment Theory and Common Technologies, Shenyang
University of Technology, Shenyang 110870, China; 3. Beijing Emerging Eastern
Aviation Equipment Co., Ltd., Beijing 100093, China)

Abstract: In order to investigate the magnetic properties of electrical steel sheet under the pulse width modulation
(PWM) excitation, improved complex magnetic properties measurement and modeling method are proposed in this
paper. By changing the winding and connection pattern based on conventional Epstein frame method, the wide fre-
quency range measurement is accomplished. A complex magnetic properties measurement system by combining the
modified Epstein frame is built. The magnetic properties of non-oriented silicon steel sheet under PWM excitation
are measured. Based on the measurement results, a hysteresis model considering the local hysteresis loops which
combines the classical JA hysteresis model and first order reversal curve model is derived. Furthermore, to consider
the effect of the frequency, an improved viscosity-based magneto-dynamic model is introduced in the proposed mod-
el. Finally, the effectiveness of the proposed hysteresis model is verified by comparing the measurement and model-
ing results.

Key words: pulse width modulation ;electrical steel sheet;magnetic properties; loss;hysteresis model



