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I. INTRODUCTION

The HT (High temperatures) electric machines are designed for special purposes. They are used in environments where the ambient temperature is much higher than typical ones. Of course, this also causes an increase the temperature inside the motor housing. For example, the Reluctance Synchronous Machine (RSM) designed for working in the vicinity of the aircraft turbines, where the ambient temperature is about 200°C, will work with an internal temperature estimated to 450-500°C at the hottest point. In order to work continuously at such internal temperatures it is necessary to use inorganic Electrical Insulation Systems (EIS) and to adapt the machine design to this inorganic technology [START_REF] Iosif | An insulation solution for coils of high temperature motors (500°C)[END_REF][START_REF] Liu | Thermal stability and performance data for SmCo 2:17 high-temperature magnets on ppm focusing structures[END_REF][START_REF] Cozonac | Materials characterization and geometry of a high temperature induction machine[END_REF][START_REF] Iosif | Assessment and improvements of inorganic insulation for high temperature low voltage motors[END_REF]. With this topology, two main options are possible: a synchronous permanent magnet machine, or a reluctance synchronous machines which produces torque from variations of the reluctance of the magnetic circuit [START_REF] Pyrhoonen | Design of Rotating Machines[END_REF][START_REF] Belhadi | Switched reluctance motor with magnetic slot wedges for automotive traction application[END_REF][START_REF] Lipo | Synchronous reluctance machines-A viable alternative for a.c. drives?[END_REF]. The HT° motor, made with rigid inorganic coils, requires a specific design of the stator with rectangular teeth and opened slots. Thus, the design calculations of those electromechanical transducers require specific electromagnetic and thermal analyses, which allow calculating additionally the thermal effects of power losses. The paper describes the electromagnetic and thermal analysis of HT° Synchronous Reluctance Machine (SRM) operating at high ambient temperatures using 3D field calculations. The machine is run at the rated speed of 4800 rpm. To analyse this phenomenon the 3D coupled thermal-fluid (CFD) model is used. Due to the specific design of the stator associated with the technology of making and setting coils and the large number of poles, the choice of rotor design was quite limited. Simple design with salient pole rotor was chosen. In order to increase the torque, in the poles longitudinal cuts and a circular hole at the base of the pole, acting as a flux barrier, were additionally made. Next figure shows main parts of reluctance motor. The rotor can be made as a solid or as a laminated. Solid construction is mechanically more robust allowing higher rotation speed, moreover induced currents can generate torque during starting. Unfortunately stator construction, even with used stator slot wedges, generate higher flux harmonics which produced high losses in rotor at synchronous speed. Induced in solid rotor poles currents weakened the effect of reluctance changes. Next figure show comparison of torque versus load angle for both: laminated and solid design. As can be seen from Fig. 2 solid rotor motor produced torque almost seven time smaller than laminated rotor motor. Therefore when efficiency for laminated construction can obtained 58.9% then solid construction only 9.92%.

II. ELECTROMAGNETIC FIELD SIMULATION

In order to obtain heat sources for the thermal model, calculations of the electromagnetic field were made using the Opera program. As commonly known the 3D time-stepping FEM is very time-consuming [START_REF] Ionel | Finite element surrogate model for electric machines with revolving field-Application to IPM motors[END_REF][START_REF] Bianchi | Relationship Between Rotor Losses and Size of Permanent-Magnet Machines[END_REF][START_REF] Ponomarev | Influence of Travelling Current Linkage Harmonics on Inductance Variation Torque Ripple and Sensorless Capability of Tooth-Coil Permanent-Magnet Synchronous Machines[END_REF] and thus the use of 2D analysis is preferred [START_REF] El-Refaie | Fractional-Slot Concentrated-Windings Synchronous Permanent Magnet Machines: Opportunities and Challenges[END_REF][START_REF] Komeza | Analysis of the impast of the design of HT machines on the cogging torque and losses In permanent magnet[END_REF][START_REF] El-Refaie | Optimal flux weakening in surface PM machines using fractional-slot concentrated windings[END_REF][START_REF] Tang | Analysis of Iron Loss in Interior PM Machines With Distributed Windings Under Deep Field Weakening[END_REF]. The time-stepping analysis was performed over approximately 20 cycles until the steady state was reached. First 2D and after 3D simulation was realize. For the purpose of the 3D simulation a quarter of the machine has been considered to benefit from the magnetic symmetry. The time stepping analysis was performed assuming constant speed of rotation of the rotor. The 3D mesh contains 4.264778 million elements in total. In the conductive areas, the elements size was chosen to be less than one-third of the penetration depth. Moreover, the distribution of the density of the mesh is greater than to correctly reproduce the effect of rotation of the rotor relative to the stator. To reduce the computation times the simulations were performed on a virtual machine with eight cores.

Figures 2 and3 shows the comparison of torque for laminated and solid rotor (made from steel C10) calculated by 2D and 3D models. While for laminated rotor 2D and 3D results were almost the same for solid rotor they differ significantly. Even for synchronous speed, higher harmonics cause significant losses in the conductive material of the rotor (despite the elevated temperature the conductivity is 2.24 MS/m). Next figure shows rotor losses versus time for one period. The total losses in the rotor are practically independent of the load angle and amount to 1030 W for the maximum torque.

III. SUMARY

In this study, we analysed the influence of the design of the rotor (solid or laminated) on efficiency and temperature of the motor active parts. The presented results show clearly that laminated construction is much better from a point of view of efficiency and temperature. However solid construction can be interesting for high speed machines due to their mechanical robustness.
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 345 Fig.3. Comparison of torque for laminated rotor design calculated by 2D and 3D models