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The aim of this paper is to compare the experimental performances of a new hybrid flux switching synchronous machine built with two types of lamination materials (3% silicon iron steel . This machine uses the flux switching principle where all the active parts are located on the stator (armature windings and permanent magnets). However DC excitation coils where added in the stator and gives a supplementary degree of freedom used control the total excitation flux. The rotor is only a salient passive rotor and can be robust and made with a low cost technology. This new machine can be supplied by means of a traditional three-phase voltage converter or can be associated with a diode rectifier.

Introduction

In a previous article [START_REF] Hoang | A new structure of a switching flux synchronous poly-phased machine with hybrid excitation EPE-2007 Conference[END_REF], we introduced a new synchronous machine [START_REF] Hoang | GABSI Flux-switching dual excitation electrical machine International patent[END_REF] called hybrid flux switching synchronous machine. It has two excitation flux sources: permanent magnets and DC excitation coils. The advantages and opportunities of such structure for new applications, where operating points are highly variable, were presented. The first advantage of this machine's topology is its passive rotor. Indeed, it only consists of a stack of ferromagnetic steel, thus allows high rotational speeds. The second advantage is that all the active parts are located on the static part of the machine, allowing better heat transfer. Moreover, this machine has a high normalised inductance in the 'd' axis (L d * ), so has good flux weakening capabilities when it is fed by a voltage inverter. Indeed, the ratio between the short-circuit current density and thermal current density may be less than unity. In this paper, all the points presented previously will be firstly identified. After that, the influence of the quality of lamination material choice is studied [START_REF] Binesti | DUCREUX Core Losses and Efficiency of Electrical Motors Using New Magnetic Materials[END_REF][START_REF] Paulides | An evaluation of alternative stator lamination materials for a high-speed, 1.5 MW[END_REF][START_REF] Centner | SCHÄFER Comparison of high-speed induction motors employing cobalt-iron and silicon electrical steel[END_REF] by using two identical machines with two different 3% silicon steel types. The first one is made with quality sheets M330-50 (thickness 0.50 mm), and the second one with steel NO-20 (thickness 0.20 mm).

Machine presentation

In order to explain the operating principle of this hybrid flux switching synchronous machine with a hybrid excitation [START_REF] Hoang | A new structure of a switching flux synchronous poly-phased machine with hybrid excitation EPE-2007 Conference[END_REF], an elementary magnetic cell is used (Fig. 1). From this elementary cell, a prototype was developed as shown on Fig. 2 (mechanical and electrical characteristics are given in appendix). One can notice that this structure uses the flux switching and flux concentration principals.

Machine's stator includes armature coils, permanent magnets and a wound inductor and its salient rotor is simply made of stacked, soft iron sheets. The prototype is a three-phase machine containing twelve magnets, with each phase composed of four magnets and four concentric coils. The rotor contains N r teeth (N r = 10), and the relation between the mechanical rotation frequency F and the electrical frequency f can be expressed as: f = N r F. The assembly experimental test bench is shown on figure 3. An induction machine, MAS (3000 rpm -5 kW), supplied with an inverter can be used in motor mode or in generator mode. The DC-bus voltage (U DC = 300 V) is the same for the two converters. With the contactors K MAS and K MS and with the coupling A, we can have different possibility to test the prototype, MS. For example, When K MAS and K MS are conducting and MS and MAS coupled, the total power (U DC ×I 0T ) is equal to the sum of all losses. By virtue of its passive rotor, this machine displays highly robust qualities. Moreover, it is capable of attaining a good level of performance (continuous thermal specific torque). In association with a threephase voltage converter, this machine can work with a constant maximum power over a theoretically infinite range of speeds in the flux weakening mode [START_REF] Soong | MILLER Field-weakening performance of brushless synchronous AC motor drives[END_REF], [START_REF]JAHNS Flux-weakening regime operation of an interior permanent-magnet synchronous motor drive[END_REF] and [START_REF] Schiferl | LIPO Power capability of salient pole permanent magnet synchronous motors in variable speed drive applications[END_REF].
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We have examined the machine's power capabilities with respect to the DC-bus voltage converter (U DC ) and the values of iron losses.

To quantify mechanical power, the torque is measured with a mechanical assembly balance. Currents are controlled with hysteresis comparators, with the regulation technique diagrammed below in Fig. 5. At low speeds, the current is well-regulated (Fig. 6). However, in flux weakening mode, at high speeds, we apply the maximum voltage and the current is limited by both the EMF and the machine's impedances (Fig. 7). In this case, the converter losses are only conduction losses. The mechanical losses are measured in open circuit mode, the permanent magnets are removed and the field current is null.

Fig. 8: Bearing and air friction losses

To make a comparison, at the rated armature current P co = 110 W and P conv = 55 W.

Magnetic material presentation

For both types of steel, the characteristics of magnetization are almost similar (Fig. 9). 

Characteristics

The adjustable part of the excitation, with the DC excitation coils, permit to adjust the amplitude of the flux (cf. table n° 2), the level of the maximum convertible power and the level of iron losses (cf. Fig. 10-11-12). We have demonstrated, experimentally, that the iron losses change the efficiency value, but also the maximum convertible power by the machine associated with a voltage inverter (cf. Fig. 10). 

Table n° 2: No-load voltage

There are three areas in the characteristic convertible power -speed rotation (Fig. 10).

In area , currents are limited and it's a torque command.

In area , voltages are limited by converter capability and it's a power command with flux-weakening mode. Difference between the two characteristics, for a same excitation level and two different magnetic materials, is nearly constant.

For steel NO-20, mechanical power is greater than with M330-50 lamination steels (≈ 5 %). This difference can be explained by the characteristics of the steel (Fig. 9), but perhaps by the realization of mechanical differences. Indeed, the size of the machine (Inner diameter = 80 mm) is not enough to be insensitive to mechanical tolerances.

In area , hence the voltage is limited by the inverter and it is a power command with the fluxweakening mode. The difference between the two curves for the same excitation and two different materials increases when the rotational speed increases. Indeed, it was shown [START_REF] Hoang | A new structure of a switching flux synchronous poly-phased machine with hybrid excitation EPE-2007 Conference[END_REF] that for this type of machine, reducing the maximum power convertible is mainly due to iron losses. Accordingly, for the machine with steel M330-50, this decrease is more important.

We have also shown that the iron losses in load and no-load are almost the same. We can check this, with the curves of iron losses in no-load condition (see Fig. 11 and Fig. 12) and that the difference between the actually maximum converted power in the area and effectively converted power decrease due to losses iron. Indeed, the machine with steel NO-20 can convert a greater power over a greater speed range. This machine, with a significant poles pairs number (p = N r =10), does not seem suitable for use in high rotational speeds (i.e. N=3000 rpm ⇒ f=500 Hz). However, experimentally, we have observed that the magnetic material has fewer losses than those indicated by models (cf. Fig. 13 and Fig. 14). We have to determine experimentally using a model iron losses where it is assumed that the induction is uniform across the machine, both stator and rotor. This allows us to compare the experimental model average specific iron losses determined for induction sinusoidal amplitude defined. We can observe that:

• On the speed range considered (N=15000 rpm ⇒ f=2500 Hz), average losses are lower than the specific iron losses in the case of steel M330-50 and above the specific iron losses in the case of NO-20. • In both cases the variation of loss in function of the frequency is lower.

• The hysteresis term in iron losses is greater in both cases compared with the specific iron losses. 

Conclusion

In this article we compared the effects of the quality of lamination material for a new flux switching synchronous machine with hybrid excitation. We show that they have a first order of importance on the possibility of energy conversion. We show also the behaviour of these steel in high frequency, and we show that the iron loss is fewer than those expected for this new structure of machine. 
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Table n° 1: Specific iron losses

 n° However, Specific iron losses for this two laminated steels are different and are given on the table below.

			Iron losses (W/kg)
	B M (T)	f (Hz)	M330-50	NO-20
	1.5	50	3.2	2.9
	1.5	400	76	38
	1.5	700	233	98