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In this paper, some indicators are developed for efficient detection of bearing defaults in high speed synchronous machines. These indicators are based on the analysis of stator current. As bearing defect signatures can be tracked through amplitude increase of some current harmonics, two specific indicators have been built based on energy considerations and on the Spectral Kurtosis analysis. These indicators are tested on a real industrial fan equipped with ceramic balls, in its environment. Several measurements for different operating points are tested to validate the approach and to its robustness during long time tests. From an experimental comparison between a healthy fan and another with damaged bearings, a frequency selection is performed to identify the frequency ranges where the energy is the most sensitive to the considered faults. This actuator is used in an air conditioning fan in aeronautic applications.

INTRODUCTION

Health monitoring has become an important industrial concern for safety and reliability, especially for aeronautic applications. It has been shown in [START_REF] Albrecht | Assessment of the Reliability of Motors in Utility Applications -Updated[END_REF] that ball bearing defects are among the elements of greatest occurrence (40% of machine failure). As bearing failures could lead to critical events such as abnormal temperature or vibration level, rotor locking, stator friction… sub-system suppliers investigate the bearing's health monitoring. Traditionally, bearing fault detection uses vibration analysis, but this solution could be expensive. The stator current analysis has been successfully investigated in the relevant literature, but mainly for induction machines. This paper deals with bearing fault detection in a PMSM for an air conditioning fan used in aeronautic.

Bearing fault detection is usually based on vibration analyses [START_REF] Zhaoxia | Motor Fault Diagnosis Based on the Vibration Signal Testing and Analysis[END_REF][3][4] [START_REF] Lim | Vibration-based fault diagnostic platform for rotary machines[END_REF] in which characteristic frequencies can point out a bearing damage in the vibration spectrum. But for cost reduction objectives, the stator current signal analysis has been successfully investigated in recent years [START_REF] Pires | Stator winding fault diagnosis in induction motors using the dq current trajectory mass center[END_REF][7] [START_REF] Trajin | Indicator for bearing fault detection in asynchronous motors using stator current spectral analysis[END_REF]. Several techniques based on the stator current spectrum analysis have been studied over time by authors. A large and interesting list of possible techniques based on stator current spectrum analysis is reviewed in [START_REF] Zhou | Stator Current-Based Bearing Fault Detection Techniques: A General Review[END_REF] [START_REF] Benbouzid | What stator current processingbased technique to use for induction motor rotor faults diagnosis?[END_REF]. These applications are mainly dedicated to the induction machines and few works deal with bearing fault detection in permanent magnet synchronous machines [11][12]. This paper investigates bearing fault detection for a high speed permanent magnet mac hine w hic h is part of an air conditioning fan used in aeronautic. The classical stator current signatures related to vibration bearing frequencies are not sufficient for such applications due to their low amplitude level and to their dependence on the operating point. The bearing fault detection technique presented in this paper includes some indicators based on a classical energetic approach and on a rather new technique, the spectral kurtosis analysis such as in [13] [14].

This work is part of the French national project PREMEP [START_REF] Immovilli | Detection of Generalized-Roughness Bearing Fault by Spectral-Kurtosis Energy of Vibration or Current Signals[END_REF] (PRojEt Moteur Electronique de Pilotage), labelled by the Aerospace Valley cluster and involving the LAPLACE and Airbus suppliers such as Technofan, Liebherr Aerospace, CIRTEM, DELTY and ADN. The objective of PREMEP is to prepare new equipment for the new aerospace power supply network (230VAC and 540HVDC). The project is funded by the French single interdepartmental fund (fonds unique interministériel), Midi Pyrénées region and Aquitaine region.

II. SYSTEM DESCRIPTION

The application system is an air conditioning fan which is used in most of the commercial aircrafts. It consists of a highspeed (140000 rpm) permanent magnet synchronous machine, cf Fig. 1, with sinusoidal back electromotive forces, fed by a PWM current source inverter operating sequentially to provide 120°square wave currents according to Fig. 2. 

VI. CONCLUSION

Our work was focused on two indicators both based on selected frequencies in the current spectrum. One is based on energy considerations and the other one on the spectral kurtosis (SK) analysis. SK is a powerful statistical tool measuring the non-stationarity of the power spectral density, i.e. how the signal differs from a Gaussian distribution for different frequencies. The indicators were applied to different measurements of three stator currents and to the inverter current, on an industrial fan, operating at different speeds during long term tests. The results provide good separation for all measured signals between healthy and faulty cases.

Moreover, through an accelerating aging process, the capacity of the indicator to detect the fault occurrence before the bearing death has been demonstrated. The spectral kurtosis based indicators achieve the best discrimination between healthy and faulty cases, but energy indicators, when calculated on a selected bunch of frequencies, provide simple default indicator. A new test session will be run to test the algorithm robustness with new healthy and faulty bearings. 
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