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Detection of Broken Rotor Bars and Stator Faults in Squirrel-Cage Induction Machine by Spectral Analysis

This paper presents the analysis of the stator current signature of the induction motor by the traditional methods that use fast Fourier transform (FFT), short-term Fourier transform (STFT) and the representation by spectrogram. The obtained results on four designed induction machines and are especially constructed for the purpose of the defects diagnosis are presented. One compares these results with those gotten by the help of transformed it in wavelets. Then, the dynamic performances of the squirrel-cage rotor induction machines with their respective faults while using an analytic method based on the equivalent diagram and the vector diagram of the currents, is analyzed.

I. INTRODUCTION

r The performances of the industrial facilities increased 1 these last years considerably. The gain in productivity and a growth of the complexity of facilities, what requires very effective calculators in order to assure the different tasks of order and treatment of data, accompanied naturally in quality. However, its performances meet damaged when the treated information are erroneous, what is essentially owed to the breakdowns of sensors or motors, or even of the considered process, from where the necessity to develop the tools and methods for the conception of effective systems of surveillance. Such a system of surveillance must permit to validate the data used by the algorithms of order and also to provide some information on the working of the devices to the operators who exploit it. It is obvious that the monitoring of a device passes by the knowledge of its healthy, some behavior either its point of operation. The total mastery of the different fashions of operation said normal is then indispensable when one considers a advanced monitoring of the process. Otherwise, the knowledge of failing can affect it and the characterization of the deficient operations constitutes as Touhami O., is with the Research Laboratory of Electrotechnics - .Electrical Engineering Department. National Polytechnic College BP.182, 16200, Algiers, Algeria (corresponding author to provide phone: +213 21 52 53 01/03; fax: +213 21 52 29 73; E-mail:omar.touhami oenp.edu.dz).

Fadel M, is with the Laboratoire Plasma et de Conversion d'Energie Unite Mixte de Recherche CNRS -INPT2, rue Camichelle-BP 7122 - 31071 Toulouse Cedex (E-mail:Maurice.Fadel oleei.enseeiht.fr). many essential points to the elaboration of a detection technique and localization of faults. This gait of analysis and assessment of the state of a system imposes a strong knowledge of the process in its context of use and a return of experience concerning the potential faults can affect it. In this paper one intends to analyze the signature of the stator current of the asynchronous motor by the traditional methods that use fast Fourier transform (FFT), short-term Fourier transform (STFT), the representation by spectrogram. The results are gotten on four designed induction machines and are especially constructed for the purpose of the defects diagnosis. One compares these results with those gotten by the help of transformed it in wavelets. Then, the dynamic performances of the squirrel-cage rotor induction machines with their respective faults while using an analytic method based on the equivalent diagram and the vector diagram of the currents is analyzed.

II. EXPERIMENTAL STUDY Al Test bench ofinduction machines

A 4 kW, 50-Hz, 4-pole, 3-phase squirrel cage induction machine with parameters given in Appendix was used for simulation study. The experimental tests are carried out on four induction machines constructed for the needs for the diagnosis of defect to the rotor by Electro-Industries Algerian manufacturer of electric motors. Therefore, we show in Fig. 1, a photograph of the test bench of induction machine that we lay out at the laboratory. Studies were done for healthy operation and asymmetric operations such as rotor-bars broken and end-ring broken for load conditions:

B. Some Experimental Results

Stator current, stator current spectra and electromagnetic torque for both symmetric and broken rotor-bars and broken end-ring at load conditions are given in Figs. 2, 3 and4.

The goal of this experimental survey is to show the difference between the traditional spectral analyses that is based on Fourier transform and the analysis modem, i.e., wavelet analysis and to prove its efficiency also.

The stator current spectra shows that the broken bars give rise to a sequence of sidebands around the supply frequency that are at fm = f(1 + 2ks), with k = 1,2,... The stator current spectra clearly show that the defect caused on the rotor becomes more significant than the number of broken bars increase. It is this criterion which will make it possible to evaluate the importance of the rotor cage defect; indeed, the magnitude of the harmonic on the left of fundamental gives information relating to the rotor defect.

The presence of a harmonic on the left of fundamental means that defect appeared and more its magnitude increases more the increase in defect is specified. The current spectral analysis shows an appearance of harmonics at the frequencies fm around fundamental of frequency f=50 Hz. During the rupture of a bar, we note the appearance of a harmonic 44 Hz from amplitude 0,14 and in the case of the rupture of two bars, there is appearance of two symmetrical harmonics around fundamental (44 Hz and 56 Hz on both sides) whose amplitudes are respectively 0,2 and 0,07. The choice of the window and its width has a very important role at the time of the frequency analysis to have a signal containing the more of information in order to be able to use it for the diagnosis of defects. The analysis of the vector of space of the stator current gives as good results that those of the analysis of the phase current.

For the wavelet analysis of the stator current, wavelet of Morlet, shown in Fig. 5 is used as wavelet mother. The wavelet mother is a complex function; the imaginary part is represented by a in dotted line.

The choice of the window and its width has a very important role at the time of the frequency analysis to have a signal containing the more of information in order to be able to use it for the fault diagnosis.

The current spectral analysis shows an appearance of harmonics at the frequencies fm around fundamental of frequency f=50 Hz. During the rupture of a bar, we note the appearance of a harmonic 44 Hz from amplitude 0, 14 and in the case of the rupture of two bars, there is appearance of two symmetrical harmonics around fundamental (44 Hz and 56 Hz on both sides) whose amplitudes are respectively 0,2 and 0,07.

The spectral analysis experimental of the current revealed the existence of broken bars (see figure [START_REF]Course notes on construction of electric machines[END_REF]); for two broken bars, two sides of very great magnitudes around fundamental at the frequencies fm, showing the gravity of the defect. increaes. I is tis crTe rioknwhchwlleabeust a~~~~~~~~~~vlaeteiprtneo h eeto h oo ae indeed, it will be the amplitude of the line on the left the fundamental one which will give us information relating to the rotor defect. * Thanks to the advanced spectral analysis of the stator current, we could observe the lines present around fundamental whose frequencies correspond to the mathematical relation (1± 2s) f, the rotor failure causes an oscillation of the stator current which induces undulations of the electromagnetic torque which they even cause oscillations 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, the curve of the axis of the rotor, etc.

APPENDIX

The name plate data of the squirrel cage induction machine are: 
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 1 Fig. 1: Test bench of induction machines intended for the diagnosis of rotor and stator defects

Fig. 2 :Fig. 4

 24 Fig.2: Stator current for: a/ Healthy induction machine, b/ One broken bar, c/ Two broken bars, d/ One end-ring segment broken Stator current spectra

Fig. 4 :Fig. 5 :Fig. 6 :

 456 Fig.4: Spectrogram of the stator phase current of an induction machine for two bars broken for four windows of different temporal width

  Rated Power P= 4kW; Rated Voltage Vs =220/380 V (A/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; cos 1=0.83; Rotor inertia J=0.025 kg.m2