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Faults Diagnosis by Parameter Identification of the Squirrel Cage Induction Machine (1) O. Touhami, and (2)

The authors present the faults diagnosis by parameter identification of the squirrel-cage rotor induction machine using real data. The model of electric parameter identification of the induction machine from the input-output observations of the stator is elaborated.To experimentally verify this approach, the tests are carried out on four squirrel-cage rotor induction machines especially constructed for the purpose of the diagnosis. All the model parameters of the squirrel-cage rotor induction machine are identifyied by least-squares method. Experimental results show good agreement and confirm the possibility the detection and localization of the faults.

I. INTRODUCTION

The electrical machines diagnosis extensively developed itself in the industrial world because the will to obtain more and more sure a production chain becomes indispensable for some applications. The chains of production must be endowed with reliable protective systems because any failing, even insignificant, can lead to an unavoidable material or bodily damage. For avoiding these problems the researchers elaborate since several years the methods of fault diagnosis of induction machine [START_REF] Meh Benbouzid | Bibliography on induction motor faults detection and diagnosis[END_REF]. These have for first objective to warn the users of a possible risk capable to appear in one particular point of the systems.

The proposed work concerns the diagnosis and the surveillance of the squirrel cage three phase induction machine. This type of electric machine, essentially due to its simplicity of construction, its weak cost of manufacture its mechanical robustness or its quasi-absence of maintenance , invests all industrial domains nearly and in particular, the aeronautics, the nuclear, the chemistry or the railway traction.The apparition of a defect drives the most often to an irretrievable stop of the induction machine dragging, consequently, a non negligible repair cost for the enterprise (case of the large power machines) without forgetting the loss of production caused, [START_REF] Bonnett | Root cause ac motor failure analysis with a focus on shaft failures[END_REF]. In the nuclear domain, for example, it is indispensable to assure the security of people and the material. The approach of the fault diagnosis based on the parameters identification of a machine model is very important. The stage of modelling proves to be therefore as well indispensable in order, for the synthesis of the regulation, that in surveillance, for the detection and the localization of defects. In situation of defect, the induction machine presents in addition to a classical dynamic behavior, a behavior due to the defect. The parameters of this mode must be essentially sensitive to the defects. This situation proves to be auspicious to the detection of real faults. The method of diagnosis by parametric identification driven to conduct the on line estimation of the electric parameters. Thus, the parameters permit to reach information on the present faults in the machine, and the localization of the unbalance.

Otherwise, progress in recursive identification of the electric machines offer the possibility of an on line diagnosis of the fauts. Thus, the surveillance in real time of the faults in the induction machine supposes the adaptation of the recursive algorithms to the case of the variable parameters (presence of the faults). It is for this reason that we opted for the recursive least squares method.

In this paper, we present a model based on the approach of the multiple circuits coupled magnetically to analyze the behavior of the machine in absence of failings. This type of approach doesn't require calculation of electromagnetic field. Finally, a model as a transfer function is proposed for the estimation of the machine parameters. Then, we especially present the results of the parametric identification on four induction machines constructed for the purpose of the diagnosis. Leaning on the proposed model, the experimental application of the surveillance strategy by parametric identification also made the future object of our investigating. An assessment of the performances in detection and localization of the faults is done by experimental tests in several situations of operation (healthy, presence of rotor and stator faults).

II. THE INDUCTION MACHINE MODEL

A/ The transfer function of the machine All leakages are modelled by the equivalent scheme to reduce the number of parameters and we choose a d-q axis reference bound to synchronism ( ) 0 = ω [START_REF] Guesbaoui | Identification of asynchronous machines parameters by the recursive least squares method[END_REF]. By using complex electric variables for the stator and the rotor
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The currents are expressed according to the stator and the rotor fluxes

       Φ - Φ = Φ - Φ = s r s r r s r s M L I M L I σ σ σ σ (4) with a coefficient of dispersion 2 M L L r s - =
σ By using eqs.(1,2, and 4) the system of state equations become :

       Φ - - Φ = Φ + Φ + Φ - = Φ r r s r s r r s r s s r s s j L r M r dt d V M r L r dt d ) . ( . . . ω σ σ σ σ (5) 
From Linear Time Invariant system we obtain the transfer function by using Laplace transform [START_REF] Guesbaoui | Identification of asynchronous machines parameters by the recursive least squares method[END_REF] [ ] 
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The complex terms r jω of this fonction must be eliminated. A manner to make this is to use a separation of time scale; During the transient operation the variation of the mechanical variables is slow and that can be neglected in comparison to the fast electric dynamics. This separation of time scale is aesely feasable for our machine.

B/ Determination of the parameters

For the constant speed, the machine parameters can be obtained from the estimed coefficients of the transfer function G(p) The machine parameters are deduced from those estimed of the transfer function An identification of the machine seen of the stator permits to determine the parameters of the rotor that in a global, and non-individual manner. To be able to separately identify the rotor parameters, one applies the hypothesis of P.L Alger [START_REF] Alger | Induction Machines, Gordon and Breach[END_REF].

III. EXPERIMENTAL RESULTS

To experimentally verify this approach of fault diagnosis, we brought up a test bed of four squirrel cage induction machines of power 4 kW, especially constructed for the purpose of the diagnosis by the Algerian Company of the Industries Electrotechnics. Electro-Industries -AZAZGA.

A/ Evolution of the parameters of the discreet transfer functions

A program of the algorithm of the least recursive squares is validated under the Software MATLAB permitting to give the evolution of the parameters of the transfer function for each machine, Figs ( 1and 2).

The discreet transfer functions obtained from identification are presented in Table 1 for the rotor faults and the stator.

One initializes the parameter vector by values near of those obtained by experimentation so that the method quickly converges.

The vector parameters is defined by: ( ) [ ] ( )
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Table1: Discreet transfer function of the machines

Machine Transfer functions

Healthy machine ( ) The previous figures show that the convergence for the set of the parameters is different for the machines :

-1 -2 1 -1 -2 -0.1221 0.0869 Z -0.0447 Z 1-1.9548 Z 0.9554 Z G Z - + ⋅ ⋅ = ⋅ + ⋅ Machine with one broken bar ( ) -1 -2 1 -1 -2 -0.0947 0.1875 Z -0.0928 Z 1-2.0505 Z 1.0506 Z G Z - + ⋅ ⋅ = ⋅ + ⋅ Machine with two broken bars ( ) -1 -2 1 -1 -2 -0.1461 0.1241 Z -0.0023 Z 1-1.9659 Z 0.9665 Z G Z - + ⋅ ⋅ = ⋅ + ⋅ Machine with end- ring broken ( ) -1 -2 1 -1 -2 -0.0044 0.0053 Z -0.0008 Z 1-1.9736 Z 0.9821 Z G Z - + ⋅ ⋅ = ⋅ + ⋅ Machine with one stator phase open ( ) -1 -2 1 -1 -2 -0.093 0.094 Z -0.0030 Z 1-1.9699 Z 0.9932 Z G Z - + ⋅ ⋅ = ⋅ + ⋅
-for the healthy machine, the convergence is reached after 40 samples, i.e., after a transient régime of calculation the algorithm converges toward the optimum.

-for the machine with a broken bar and the machine with two broken bars, the convergence is reached after 80 samples, it is due to the bad initialization of the parameters, because one used the initialization of the healthy machine.

-for the machine with a portion of short circuit ring broken and the machine with a phase open stator the convergence is reached after 150 samples. It is also due to the bad initialization of the parameters.

B/ Machine parameters

The major interest of this identification is to characterize the different machines in nominal conditions of operation, and to see the variation of their parameters. On an average of 300 samples, one represents the evolution of the estimated parameters at the time of the procedure of identification of the different machines, Fig. 3.

One also shows the speed of the parametric identification thanks to the use of the criteria cost. The time of convergence is different from a machine to the other, it is of about 50 samples for the healthy machine and 100 samples for the machines in presence of faults. stator defect For the electric parameters of the machines, one notes that there is a small difference, that one can summarize:

-Case of the rotor defects: the resistance and the inductance stator decreases with the increase of the number of the broken bars, on the other hand the rotor resistance increases.

-Case of stator defect: the stator and rotor resistances as well as the stator inductance increase with the opening of a stator phase.

V. CONCLUSION

• The results of the parametric identification on four induction machines constructed for the purpose of the diagnosis are presented. • All the model parameters of the squirrel-cage rotor induction machine are identifyied by least-squares method.

Experimental results show good agreement and confirm the possibility the detection and localization of the faults. • Leaning on the proposed model, the experimental application of the monitoring strategy by parametric identification also made the futur object of our investigating.
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 12 Fig.1: Variation of the parameters of the discreet transfer function in presence of the rotor faults
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 34 Fig.5 also shows the comparison between the parameters of the healthy machine with those of the machine in presence of stator defects (open stator phase).
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 5 Figs.5: Variations of the machine parameters in presence ofstator defect For the electric parameters of the machines, one notes that there is a small difference, that one can summarize:
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