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In this study, the LS model is reformulated to reliably extend the dynamic surface at extreme conditions of (B, dB/dt). A comparison between measurements and FE simulations of a highly dynamic NiFe alloy will be presented, showing that at very high values of B or dB/dt, the contribution of eddy currents to the dynamic field Hdyn is dominant and Hdyn becomes a linear function of dB/dt regardless of the value of B. An empirical function is then developed to comply with the above behavioral basis while still fitting the experimental dynamic surfaces. For each material, this function requires 14 parameters identified by a fitting program. Its robustness and accuracy are analyzed on a large set of materials. In all cases, the average deviation of iron losses is lower than 5%.

Introduction

The LS model has been used in a posteriori mode of finite element simulations for the calculation of magnetic losses in electrical machines since 20 years. Several studies have shown its ability to predict satisfactorily the experimental losses [START_REF] Frias | Rotor and stator shape optimization of a synchronous machine to reduce iron losses and acoustic noise[END_REF]. However, the particular interest in the search for high-efficiency machines, in the integration of soft magnetic materials under extreme conditions, motivates to revise this model, analyze its limits, and extend its validity range while further improving its accuracy.

Methodology

Experimental measurements and finite element simulations on the iron losses of various electrical steels are coupled to study the pattern of the dynamic surfaces. Once the general pattern is found, potential functions are tested and the most relevant one is analyzed in this paper.

Principle results

Slicing the dynamic surfaces at constant B or dB/dt, one obtain the curves Hdyn(dB/dt) or Hdyn(B), with: Hdyn(dB/dt) curves featuring an increasing function of dB/dt and Hdyn(B) curves having a piecewise form that saturates or approaches asymptotes when B is around ±Jsat. These properties of the surfaces Hdyn(B, dB/dt) can be modeled by a sigmoidal function comprising of 14 parameters. It has been tested with various electrical steels and has shown great accuracy. In all cases, the hysteresis cycles with complicated B(t) waveform (Figure 1b) or sinusoidal B(t) are reconstructed with an average iron loss deviation of less than 5% (Table 1). In addition, the unique formula can extrapolate very well the dynamic surface at high frequency and high induction (Figure 1a).

Conclusions

The dynamic LS model is accurately formulated by a modified sigmoidal function. Thanks to its extrapolation capacity, the identification of the LS model is facilitated in terms of measurements and computer tools. As a rule of thumb, the model identification requires five hysteresis cycles measured under triangle B(t) with the same induction amplitude of around 80% of saturation and at five frequencies varying from the quasi-static to the highest measureable. 
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 1 Figure 1 (a) Extrapolation capability of the new formula at very high dB/dt; (b) Reconstruction of a complicated hysteresis cycle.

Table 1

 1 Average iron loss deviation in the case of sinusoidal B(t).

	Material	B (T)	f (Hz)	Mean deviation (%)
	M330-35A	0.1-1.6	50-4000	3.99
	NO20	0.1-1.5	50-4000	3.04
	FeNi Supra 50 0.1-1.5	50-4000	4.65
	FeCo AFK1	0.1-2.1	50-4000	4.80
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