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Abstract: 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. 

Keywords: Bearings, Diagnostic, Bearing fault detection,
Current analysis, Spectral Kurtosis

I. INTRODUCTION

Health monitoring has become an important industrial
concern for safety and reliability, especially for aeronautic
applications. It has been shown in [1] 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 [2][3][4][5] 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 [6][7][8].
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 [9][10]. 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
machine which 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
[14] (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 high-
speed (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.

Fig.1. Picture of the whole fan from SAFRAN-Technofan
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unwanted transient phenomenon.

Fig 21 : Stator current spectral Kurtosis indicator for 10000 rpm with
reference for fs+fc

Fig 22 : Stator current spectral Kurtosis indicator, 10000 rpm
with reference for fs-fc

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.

REFERENCES
[1] P. Albrecht, J. Appiarius, R. McCoy, E. Owen, D. Sharma,

“Assessment of the Reliability of Motors in Utility Applications -
Updated”, Energy Conversion, IEEE Trans. on, vol. EC-1, 1986, p.
39-46.

[2] Wu Zhaoxia, Li Fen, Yan Shujuan, Wang Bin, “Motor Fault
Diagnosis Based on the Vibration Signal Testing and Analysis,”
Intelligent Information Technology Application, 2009. IITA 2009. 

Third International Symposium on, 2009, p. 433-436.
[3] A. Sadoughi, M. Ebrahimi, E. Razaei, “A New Approach for

Induction Motor Broken Bar Diagnosis by Using Vibration Spectrum”
SICE-ICASE, 2006. International Joint Conf., p. 4715-4720.

[4] A. Sadoughi, M. Ebrahimi, M. Moalem, S. Sadri, “Intelligent
Diagnosis of Broken Bars in Induction Motors Based on New Features
in Vibration Spectrum,” Diagnostics for Electric Machines, Power 
Electronics and Drives, 2007. SDEMPED 2007. IEEE International 
Symposium on, 2007, p. 106-111.

[5] W. Lim, D. Zhang, J. Zhou, P. Belgi, H. Chan, “Vibration-based fault
diagnostic platform for rotary machines,” IECON 2010 - 36th Annual 
Conf. on IEEE Indutrial Electronics Society, p. 1404-1409.

[6] V. Pires, T. Amaral, et J. Martins, “Stator winding fault diagnosis in
induction motors using the dq current trajectory mass center”,
Industrial Electronics, 2009. IECON '09. 35th Annual Conference of 
IEEE, 2009, p. 1322-1326.

[7] B. Trajin, J. Regnier, J. Faucher, “Bearing fault indicator in induction
machine using stator current spectral analysis,” Power Electronics, 
Machines and Drives, 4th IET Conference on, 2008, p. 592-596.

[8] B. Trajin, J. Regnier, et J. Faucher, “Indicator for bearing fault
detection in asynchronous motors using stator current spectral
analysis,” Industrial Electronics, 2008. ISIE 2008. IEEE International 
Symposium on, 2008, p. 570-575.

[9] Wei Zhou, T. Habetler, R. Harley, “Stator Current-Based Bearing
Fault Detection Techniques: A General Review,” Diagnostics for 
Electric Machines, Power Electronics and Drives, 2007. SDEMPED 
2007. IEEE International Symposium on, 2007, p. 7-10.

[10] Benbouzid, M.E.H.; Kliman, G.B.,  "What stator current processing-
based technique to use for induction motor rotor faults diagnosis? ",
Energy Conversion, IEEE Transactions on, Volume: 18 , Issue: 2,
2003 , Page(s): 238 - 244

[11] J. Rosero, J. Cusido, A. Garcia Espinosa, J. Ortega, L. Romeral,
“Broken Bearings Fault Detection for a Permanent Magnet
Synchronous Motor under non-constant working conditions by means
of a Joint Time Frequency Analysis,” Industrial Electronics, 2007. 
ISIE 2007. IEEE International Symposium on, 2007, p. 3415-3419.

[12] J. Rosero, J. Romeral, J. Cusido, J. Ortega, et A. Garcia, “Fault
detection of eccentricity and bearing damage in a PMSM by means of
wavelet transforms decomposition of the stator current,” Applied 
Power Electronics Conference and Exposition, APEC 2008. Twenty-
Third Annual IEEE, 2008, p. 111-116.

[13] Bechhoefer, E.; Menon, P.; Kingsley M., “Bearing envelope analysis
window selection using spectral kurtosis techniques”
Prognostics and Health Management (PHM), 2011 IEEE Conference 
on, 2011, pp 1 - 6.

[14] Immovilli, F.; Cocconcelli, M.; Bellini, A.; Rubini, R.; “Detection of
Generalized-Roughness Bearing Fault by Spectral-Kurtosis Energy of
Vibration or Current Signals”, Industrial Electronics, IEEE 
Transactions on, Volume: 56, Issue: 11, 2009, Page(s): 4710 – 4717

[15] O. Darnis, S. Poignant, K. Benmachou, M. Couderc, Z. Obeid, D,
M.Q. Nguyen, J. Régnier, D. Malec, D. Mary, P. Maussion,
“PREMEP, a research project on electric motor optimization,
diagnostic and power electronics for aeronautical applications,”
Recent Advances on Components, R3ASC'10, Toulouse, France,
May. 2010.

[16] J. Stack, T. Habetler, R. Harley, “Fault classification and fault
signature production for rolling element bearings in electric
machines”, Industry Applications, IEEE Trans. on, vol. 40, 2004, p.
735-739.

[17] R. Dwyer, "Detection of non-Gaussian signals by frequency domain
Kurtosis estimation", Acoustics, Speech, and Signal Processing, IEEE 
Int. Conf. on, ICASSP '83, vol.8, pp. 607- 610, April 1983.

[18] J. Antoni, R.B. Randall, “The spectral kurtosis: application to the
vibratory surveillance and diagnostics of rotating machines”,
Mechanical Systems and Signal Processing, Volume 20, Issue 2,
February 2006, Pages 308-331.

[19] Z. Obeid, S. Poignant, J. Régnier, P. Maussion, “Stator Current based
Indicators for Bearing Fault Detection in Synchronous Machine by
Statistical Frequency Selection”, Industrial Electonics CONference 
IECON 2011, 7-10 nov 2011, Melbourne, Australia.

0 50 100 150 200 250 300 350 4000

100

200

300

400

500

600

700
Phase Current 1 - Speed = 10000RPM - Ind SKREF - C1 - Bande f

s
+f

c
- N = 211 - F

e
= 2kHz

Observation Number

SK
R

EF
In

di
ca

to
r

0 50 100 150 200 250 300 350 400
0

5

10

15

20

25

30

35

40

45

50
Phase Current 1 - Speed = 10000RPM - Ind SKREF - C1 - Bande fs-fc- N = 211 - Fe = 2kHz

Observation Number

SK
R

EF
In

di
ca

to
r


