Static Hysteresis modelling of FeSi NO sheets in rolling and transverse directions Fabien SIXDENIER (1) , Riccardo SCORRETTI (1) Atef LEKDIM (2) ( 1) : Univ Lyon, Université Claude Bernard Lyon 1, INSA Lyon, ECLyon, CNRS, Ampère, F-69100, Villeurbanne, France (2) : LEM TECH FRANCE,575-655-LES ALLEES DU PARC,69800 SAINT PRIEST, France Context and objectives 1. predict magnetic losses or magnetic weveforms in NO FeSi sheets when excited in both rolling (RD) and transverse direction (TD). 2. Need for a vectorial hysteresis model 3. Modification of the vector play model [START_REF] Bergqvist | Magnetic vector hysteresis model with dry friction-like pinning[END_REF] improved by [START_REF] Fran¸ois-Lavet | Vectorial incremental nonconservative consistent hysteresis model[END_REF] Original isotropic Model

h = h re + h ir (1) 
.

h re = N k=1 ω k h k re (2) h k re = h k re0 if ||h -h k re0 || < χ k h -χ k • h-h k re0 ||h-h k re0 || otherwise (3) 
M = M an (||h re ||) • h re ||h re || (4) b = µ 0 (M + h) (5) 
χ k : maximum pining field of the k th cell ω k : weight of the k th cell 

χ h re = h re0 h h ir h re0 h re h |h ir | = χ

Modifications to include anisotropy

Modifications prosposed in [START_REF] Steentjes | Energy-based ferromagnetic material model with magnetic anisotropy[END_REF] to take into account magnetic anisotropy in FeSi NO sheets. 1. Modifications of the anhysteretic curve (4)

M = M an (||h re ||)G (γ) h re ||h re || (6) 
with γ, a scalar parameter to identify

G (γ) h re ||h re || = 1 0 0 γ e RD e TD (7) 
2. Modifications of the coercivity (pining field) by making cells ellipsoidal. 

χ k (α, β) = χ k RD 1 + (β -1) 1 -α 2 ( 

Identification Results

the (ω k , χ k ) sets have been identified following the protocol described in [START_REF] Jacques | Representation of microstructural features and magnetic anisotropy of electrical steels in an energy-based vector hysteresis model[END_REF]. identification of first cells following [START_REF] Jacques | Representation of microstructural features and magnetic anisotropy of electrical steels in an energy-based vector hysteresis model[END_REF] may be inaccurate. Following [START_REF] Sixdenier | Numerical model of static hysteresis taking into account temperature[END_REF] can improve accuracy in this region as recently shown in [START_REF] Roberta Longhitano | Comparison of identification protocols of a static hysteresis model[END_REF]. Proposed modifications are sufficient to qualitatively take into account of the anisotropy Losses behaviour vs angle is quatitatively well retrieved. Accuracy of computed losses should be improved.

Conclusions and perspectives

A readily vectorial hysteresis model including anisotropy has been tested. Better identification of (ω k , χ k ) or/and improvements of the original model must be made (constant coercivity assumption) for FeSi materials More complex modifications can be imagined to improve the accuracy such as Test this approach with FeSi GO materials -----------
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 34567 Figure 3:Measured and simulated anhysteretic functions in RD and TD
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 9 Figure 9:Assumption to respect[1]

  M = M an RD (||h re ||) M an TD (||h re ||) h re ||h re || (9)inverse the model to have h(b)

Table 1 :

 1 Values of ω k and χ k sets in RD

	ω k 0.021 0.237 0.3954 0.1681 0.1773
	χ k 0 25.1 51.2 70.4 127.7
	γ 0.965	β	1.3
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