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Abstract: In this study, we present a method for fault diagnosis of broken bars in the induction motor based on the use of stator current spectrum. In order to present the characteristics of the machine in case healthy, then their characteristics with a fault rupture of bars, a simulation is performed in case the cages mesh circuit. Our study shows the importance and effectiveness of the proposed technique for diagnosing faults rupture of the rotor bars of an asynchronous induction machine. 
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1. INTRODUCTION

The diagnosis of electrical machines has grown in the industrial world because the desire for a chain of production increasingly becomes sure, for certain applications, essential [A. Abed, 99]. The proposed work focuses on the diagnosis machine three-phase asynchronous squirrel cage. The use of this type of electrical machine, mainly due to its simple construction, low cost of purchasing and manufacturing, mechanical robustness is as we are now in all industrial fields [M. E; H, Benbouzid, 00]. Indeed the emergence of a defect most often leads to an irreversible arrest of the leading asynchronous machine, accordingly, a cost of significant repairs to the company not to mention the loss of production caused

 In this work we propose a method based on the assessment and analysis of the current mesh, running bars and stator phase current, and their spectra, to detect the presence of the defect in the rotor cage [M.S, Naît-Saîd, 00].  As part of the detection of faults in electrical machines. Much work has been devoted to this new type of maintenance using different diagnostic methods. Most of these methods use mechanical, torque, speed, vibration, noise, etc..., which require the introduction of sensors in the machine?
2. ORIGINE OF THE LINES DUE ROTOR FAILURE

Rotor defects often cause nuisance due to electromagnetic torque ripple oscillations causing the rotational speed. The information of broken bars is thus conveyed by the magnetic flux, and therefore in the current consumption to the electricity grid. It is therefore necessary to know the frequencies arising from a breach of bar so you can detect through a spectral analysis of currents. If a broken bar rotor circuits create more direct rotor field of a magnetic field pulse inverse 
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 due to the imbalance of rotor windings [N. Benouza, 01]. 

This has the effect of inducing electromotive forms into the stator frequency of 
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 and therefore current components at these frequencies according to the relationship:
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An oscillatory torque at frequency electromagnetic 
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 is also produced by interaction with the magnetic field produced by stator windings. The electromotive force due to lack of frequencies were
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The fields created by currents will induce, therefore, the rotor current direct and inverse frequency 
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. Thus, the stator current frequency 
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 is generated by the same process. Therefore, frequency components of 
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, where k is a positive integer, are found in the current absorbed by the machine [A. Metatla, 08].

3. LAKE MODELLING MACHINE FOR DIAGNOSIS
The rotor of the induction machine consists of isolated 
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 bars, uniformly distributed over the surface of the rotor is short circuited by two rings.
 To study the defects in the rotor, using a model where the cage of the machine is considered a mesh circuit as shown in the following figure: 


[image: image10]
                       Fig. 1. Rotor circuit

Under classical simplifying assumptions, the model of the induction machine is presented by [A. Metatla,08]:
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with:
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 :  is voltage vector ;
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 : is curent vector 


[image: image14.wmf][

]

[

]

[

]

[

]

[

]

[

]

[

]

[

]

[

]

ú

ú

û

ù

ê

ê

ë

é

+

ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ë

é

=

p

r

SR

p

SR

p

s

r

T

SR

SR

s

L

L

L

L

R

L

dt

d

L

dt

d

R

X

            (3)


[image: image15.wmf][

]

ú

ú

ú

û

ù

ê

ê

ê

ë

é

=

s

s

S

s

R

R

R

R

0

0

0

0

0

0

                                             (4)


[image: image16.wmf][

]

ú

ú

ú

û

ù

ê

ê

ê

ë

é

=

cc

cb

ca

bc

bb

ba

ac

ab

aa

s

L

L

L

L

L

L

L

L

L

L

                                      (5)


[image: image17.wmf][

]

ú

ú

ú

ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ê

ê

ê

ë

é

=

e

e

e

e

e

r

r

r

r

r

r

e

r

r

r

r

r

r

e

r

r

r

r

r

r

r

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

Nb

Nb

Nb

Nb

Nb

Nb

...

...

.....

......

.....

...

...

2

1

2

2

2

1

2

1

2

1

1

1

                          (6)


[image: image18.wmf][

]

ú

ú

ú

û

ù

ê

ê

ê

ë

é

=

crNb

cr

cr

brNb

br

br

b

arN

ar

ar

SR

m

m

m

m

m

m

m

m

m

L

..

..

..

2

1

2

1

2

1

                                (7)


[image: image19.wmf]ú

ú

ú

ú

ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ê

ê

ê

ê

ë

é

-

-

-

-

-

-

=

e

e

e

e

e

e

r

b

b

e

b

r

b

e

b

b

r

r

NbR

R

R

R

R

R

R

R

R

R

R

R

R

R

R

R

R

R

.

.

.

0

0

..

..

..

..

..

..

..

..

..

..

..

..

0

0

.

0

.

0

]

[

               (8)

where ;
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The matrix form of the voltage equation is as follows [N. Benouza, 01]:
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hence :
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Inductors can be calculated either by using the winding functions as did the laboratory GREAH France, knowing that it requires a precise knowledge of the shape of the winding machine or by using a decomposition into Fourier series of the induction gap of the machine [A. Metatla, 08]. The presence of a broken in the cage rotor produces a geometric and electromagnetic asymmetry in the rotor circuit. And induced currents are created in direct rotating field, another field turning around.
4. ANALYSIS OF RESULTS
4.1. Healthy machine

The objective of this study to validate and test the model multi- mech .We simulated the behavior of the machine, followed by application of a load of 5N.m at time 0.5 seconds. The figure -a- present rotation speed, we notice that for first phase stabilise speed is the speed of synchronism after 0.5 seconds. Thus,  the couple figure-b-after a transient of about 0.2 seconds to stabilize the zero value and then read the value of the applied load.

Figures-c-, d-, - are the first four stitches of the circuit of rotor bars and stator current and their spectrum. And finally, the figures-e and f-are the evolution of the three stator currents and the spectrum of phase A.
4.2.Machine with default
For the analysis of defects in breach of bars, we conduct three tests:

Failure of a single bar;

A break of two bars; 

A break in a bar and two bars.

4.2.1. Machine with a broken bar
The figures 2a to 2f show the characteristics of the machine with broken one rotor bar, we note that the appearance of failure to break bar, creates perturbation the allure of speed and torque after (1) a second, and, in the shape  of  the  rotor mesh currents.  The current amplitude of a mesh is increased over the other, the figure represents the current bar shows that the flow of the bar is broken tand to zero, and finally, the spectrum of the stator current phase, shows that three frequency one corresponding to the fundamental frequency (50Hz) frequency network and the other two frequencies (40 Hz and 60 Hz) corresponding to the appearance of failure to break the bars.
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(b)
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(c)

[image: image26.emf]0 0.5 1 1.5

-1000

-800

-600

-400

-200

0

200

400

600

800

1000

Temps [s]

courants des barres rotoriques [A]


(d)
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(e)
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(f)
Fig. 2. Characteristics of the healthy machine
4.2.2. Machine with two broken bars
The figure 3 presents the characteristics of the induction machine with two bars, compared with the previous test the effects of default and clear the allure of speed and torque from (1) a second, and that the curve of the first four stitches, show increasing amplitudes of the currents, and we note that two common among four of the four bars are first void. And finally, the spectrum of the stator current phase shows that one frequency corresponding to the fundamental frequency (50Hz) frequency of the network, and other frequencies corresponding to the appearance of failure to break the two bars.
4.2.2. Machine with a one bar and two broken bars
The figure 4 shows the characteristics of the induction machine with a bar then break the rupture of two bars, the effects of the onset of failure is clear on the characteristics of the machine speed, torque from (1) a second and, the curve of the first four stitches, show increasing amplitudes of the currents, and we note that two common among four of the four bars are first void. And finally, the spectrum of the stator current phase shows that one frequency corresponding to the fundamental frequency (50Hz) frequency of the network, and other frequencies corresponding to the appearance of failure to break two bars. Failure of a single bar is presented from (1s) up (1.5s), then the failure of the two bars from (1.5 s). 
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(a)
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(b)
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(c)
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(d)
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(e)
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(f)

Fig. 4. Failure with a broken bar
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(a)
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(b)
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(c) 
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(d)
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(e)
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(f)

Fig. 5. Failure with two broken bars
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(b)
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(c)
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(d)
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(e)
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Fig. 6 Failure with one bar and two broken bars

6. CONCLUSIONS

In this article we presented a method for detecting defects like broken rotor bars of induction machine based on the analysis of signatures of the current bars and currents in the mesh, and analysis of stator current and their spectrum. It is necessary to mention that increasing the amplitude of the harmonic is dependent on the number of broken bars.

7. APPENDIX
The parameters of the cage induction machine used in simulation are: 
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