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Φ Abstract --This paper deals with an experimental study on stator and rotor faults of squirrel cage induction motors. The summaries of the harmonic of the stator currents for the starting and permanent operation qualitatively revealed the faults on motors. We also raised the vibrations of the motors by the use of an accelerometer. The accelerometer is used in several places of the motor in the azimuthally position to determine the rotor faults.

It also allowed us to bring some critiques on the experimental tests and on the interpretation of our results there pertaining.

Index Terms --Induction machine, Diagnosis, Stator and

Rotor faults, Vibration, Spectral analysis.

I. INTRODUCTION

HE task of fault diagnosis consists in the determination of the type of fault with as much as possible details such as the fault size, location and time of detection. Different methods can be applied for the fault detection and a great number of works grouped in the surveys or reviews are about the detection parameters/techniques and latest trends in the condition monitoring technology [START_REF] Vas | Parameter estimation, Condition monitoring and diagnosis of Electrical Machines[END_REF][START_REF] Filippetti | Recent Developments of Induction Motor Drives Fault Diagnosis Using AI Techniques[END_REF][START_REF] Thorsen | A survey of faults on induction motor in offshore oil industry, petrochemical industry, gas terminals, and oil refineries[END_REF][START_REF] Benbouzid | A review of induction motors signature analysis as a medium for faults detection[END_REF][START_REF] Benbouzid | Bibliography of induction motor faults detection and diagnosis[END_REF][START_REF] Jianguo | Time frequency spectrum off line current during starting process -A tool for diagnosing failure of induction motor[END_REF][START_REF] Thompson | A review of on-line condition monitoring techniques for three phase squirrel induction motors -Past, present and future[END_REF][START_REF] Dorrell | Analysis of air gap flux, current and vibration signals as a function of the combination of static and dynamic eccentricity in the three phase induction motors[END_REF][START_REF] Boashash | Time-frequency signal analysis in Advances in Spectrum Analysis and Array Processing[END_REF][START_REF] Siddique | A review of stator fault monitoring techniques of induction motors[END_REF][START_REF] Nandi | Condition monitoring and fault diagnosis of electrical machines-A review[END_REF].

These methods the more often used in the diagnosis and the monitoring are based on the signal processing. It is well known that the signature of the motor current occupies a big place in most works for the detection of the broken bar number of the rotor. It is some in the same way for the detection of the stator defects as well as the static and dynamic eccentricity [START_REF] Tenhunen | Calculation of eccentricity harmonics of the airgap flux density in induction machines by impulse method[END_REF][START_REF] Thomas | Online cage rotor fault detection using air-gap torque spectra[END_REF] the most of these works are based on the no-load operation of the motor that gives a preview on the nature of the defect as well as its localization and no on the accuracy. The accuracy of these techniques depends on the loading of the machine, the signal-to-noise ratio of the spectral components being examined.

In this completely experimental study on four induction motors especially constructed for the need of the diagnosis, we present the experimental results by spectral analysis as well as critiques on these results. The operation conditions of induction motors are in nominal load. We also raised the vibrations of the motors by the use of an accelerometer [START_REF] Chang | Experimental study of the vibrational behavior of machine stators[END_REF]. The accelerometer is used in several places of the motor in the azimuthally position to determine the faults to the rotor. This work was supported by the LRE (Laboratoire de Recherche en Electrotechnique) of ENP Algiers, by the international project of cooperation, Agreement -CMEP-Tassili, under the code 05 MDU 662 and by the Ministry of High Education in Algeria and by the Algerian enterprise of manufacture of electric machines, Electro-Industries Fréha (Azazga) in Algeria.
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II. EXPERIMENTAL PROCEDURE

A. Broken rotor bars detection by stator current spectra

The measurement techniques are based on the following assumptions:

-The speed of the motor is constant and known -The stator fundamental frequency is constant -The load is constant -The motor is loaded at its nominal values. Using these assumptions, we recorded the current signals as well as their spectra in frequency (FFT) that revealed with precision the nature of the defects for the four motors. The presence of broken rotor bars is indicated by an amplitude difference of less than 50% between the fundamental and the left sideband as shown in Figs. (1, 2, 3 and 4). This sideband can be detected and identified by:
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Where sb f the frequencies of sidebands due to broken bars are, s f is the stator fundamental frequency and sis the perunit slip. 
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The result of this mathematical expression gives a signal complex and makes it possible to describe the Fourier transform of the signal p (n) in the form:
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The phase of this transform is obtained by the expression 4, to analyze the state of the squirrel-cage induction machine.
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The phase of this spectrum, as for it, reveals at the frequencies (1+2ks)f sharp variations of phase between +π and -π for the frequencies lower than 50 Hz and between -π and +π for the frequencies higher than 50 Hz. These variations lie between -π and +π since the calculation of the phase φ is limited to the four dials of the trigonometrically circle. The phase is computed by using BLAKMAN method for four machines showed in Figs. (5, 6, 7 and 8). 

D. Stator fault monitoring

In this test we disconnected a phase of the stator then to raise the voltage, Fig. [START_REF] Thomas | Online cage rotor fault detection using air-gap torque spectra[END_REF] and the currents in two phases, Figs. (14 and 15). It is obvious that the defect was voluntarily caused for the need for the study.

This kind of defect is very frequent when the machine is supplied by a frequency converter. Other defects with the stator can occur such as the court-circuit between whorls, etc…, for which us did not carry out experimental tests. 

E. Vibrations analysis by an accelerometer

In this test we placed in an azimuth way for each induction machine an accelerometer to raise the vertical vibrations. The machines are placed under the same conditions involving the same loads.

We observed that the induction machines presenting the defects to the rotor have more accentuated signals of vibrations. However, for the rotors having a broken bar or an end-ring portion removed, the raised signals are very comparable and cannot characterize with precision the nature of the defect. 

F. Rotor speed

Fig. 20 presents the machine speed for both symmetric and asymmetric operation. It is noted that the acceleration time increases more and more as the number of broken bars increases. Speed slightly falls according to the number of broken bars. However, there is a great similarity between the acceleration time for a broken bar and that due to a end-ring of short circuit. Since speed is related directly to the electromagnetic couple by the mechanical equation, it is obvious that it undergoes the variations due to the asymmetry of the rotor. We observe on the curves speed that the break of bars causes considerable oscillations in speed, in the same figure. Moreover, one notes that the mechanical time-constant increases with the number of broken bars. For a broken bar, the time-constant is equal to 0.5s that of two broken bars is of 0.7s and for three broken bars it is of 0.8s, whereas for a machine without defect the mechanical timeconstant is about 0.25s. 

III. CRITICAL ANALYSIS OF THE EXPERIMENTAL RESULTS

By observing the spectrum of the currents stator for the four machines (Figs.1, 2, 3 and 4) one can note that the amplitudes of the peaks on the right and on the left of fundamental characterize, in term of comparison, the nature of the defect [START_REF] Touhami | Spectral Analysis for the Rotor Defects Diagnosis of an Induction Machine[END_REF]. Of course that for a rotor with two broken bars, the amplitude of the first peak is higher than that translating the defect of rotor with one broken bar which it is slightly higher than that corresponding to rotor with an endring portion broken. Moreover, for a rotor having N broken bars, one can note the presence of N peaks translating the defect.

By also observing the layout of the courant phase spectrum of the four machines, (see Figs. 5, 6, 7 and 8) one can make the same remarks and, in particular for the rotors having a broken bar and an end-ring portion broken. In the two analyses, it is obvious that the characterization of the defect can be done only by comparing the spectrum between them.

The same remarks are observed for the stator current Park vector of induction machines, Figs. 9, 10, 11 and 12. If it is possible to make the comparison between them to characterize the defect, i.e., that for a machine with two broken rotor bars the thickness of the stator current Park vector is larger than that corresponding to a broken bar, that is not more valid if we consider only one signal allotted to an induction machine with a rotor defect.

However for the stator, it is simpler and easy to identify the defect from only the motor currents and the voltage, Figs. 13, 14 and 15. We have also to raise the signals characterizing the vibrations while placing, in an azimuth way, the accelerometers on the carcasses of the induction machines. There still, if it is easy to compare the signals between them to classify the machines by order of rotor defects, that is not the case of the identification "a priori" of the defect nature.

Consequently, if one want to carry out the on-line diagnosis and the monitoring of the induction machines, it would be necessary to analyze and treat the signals on-line while adding to it of the methods based on artificial intelligence to characterize the defects.

IV. CONCLUSIONS

The stator current spectras indicate very clearly which the defect caused on the rotor is more serious each time than there is break of bars, because the amplitude of the harmonics relating to the defects increases. It is this criterion which will enable us to evaluate the importance of the defect of the rotor cage, indeed, it will be the amplitude of the harmonic on the left the fundamental one which will give information relating to the rotor defect.

If the harmonic presents the fundamental one on the left appears, that will mean that defect appeared on the rotor. Moreover if this harmonic increases in amplitude, that will represent an increase in the rotor defect.

Thanks to the spectral analysis of the stator current, we could observe the harmonics present around fundamental whose frequencies correspond to the mathematical relation (1± 2s)f the rotor failure causes an oscillation of the stator envelope of the current which induces undulations of the electromagnetic torque which they even cause oscillation number of revolutions of the machine generating of the mechanical vibrations; these last can generate other defects such as the defect in the bearings, the eccentricity, etc. 
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  V. APPENDIXThe name plate data of the squirrel cage induction machine Fig.21are: Rated Power P = 4kW; Rated Voltage Vs = 220/380 V (Δ/Y); Rated Current Is = 15.2/8.8 A; Rated Speed Nn = 1435 (rpm); Pole-pair number p=2; Number of phases m = 3; Supply Frequency f = 50Hz; cosΦ = 0.83; Rotor inertia J = 0.025 kg.m 2
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 21 Fig.21 Photo of test bench
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