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ABSTRACT: In view of the importance of squirrel cage induction machines in industrial applications, effective methods are needed to
detect faults that could disrupt their operation. Despite their robustness, squirrel cage induction motors are subject to some faults, such
as the broken bar. Current is one of the most widely used parameters for diagnosing squirrel cage induction motors. In most cases,
however, the Motor Current Signature Analysis (MCSA) method is used. However, in the specific case of a broken bar, analysis of the
current intensity in each rotor bar enables precise detection of a broken bar. The present work analyzes the evolution of the current
intensity in each rotor bars in the case of a healthy rotor and in the presence of a broken bar. The current intensity in the rotor bar is
strongly impacted, with a greatly reduced current. This situation also leads to a distribution of current intensity in the neighboring bars.
As a result, the intensity of the current flowing through these bars increases according to their proximity to the faulty bar.
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1 INTRODUCTION

The reliability of electrical systems, particularly in industry, is a major issue for service continuity [1], [2]. The squirrel cage induction
machine is the type most commonly used in such systems [3], [4], [5]. In this type of machine, the rotor windings are replaced by
conductor bars short-circuited at each end by short-circuit rings. Despite their robustness, squirrel cage induction motors are subject to
several types of faults, including rotor faults in the electrical circuits [6], [7], [8]. The most commonly encountered faults are: partial or
total breaking a short-circuit ring, partial or total broken bar. These faults are due to an accumulation of defects caused by certain stresses,
notably electrical, mechanical, thermal and environmental. Fig. 1 shows the two main rotor faults of a squirrel cage induction machine.

Breaking a short-circuit ring Broken bars

Short-circuit ring Rotor bar

Fig. 1. Broken bars (circled in red) of the squirrel cage rotor

To anticipate the disastrous consequences of these faults, it is necessary to implement effective methods for early detection of this
type of fault, which can disrupt the operation of these machines [9], [10]. The Motor Current Signature Analysis (MCSA) method is the
most widely used method [11], [12], [13]. However, good results can also be obtained using other methods.
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The aim of this article is to present the impact of a broken bar on rotor bar current. Results are presented for a squirrel cage induction
motor operating with a healthy rotor, as well as for squirrel cage induction motor operating with a broken bar.

2 MATERIAL AND METHODS
2.1 ROTOR CAGE CIRCUIT

The rotor is made up of Nb rotor bars. The rotor can therefore be broken down into (Nb+1) independent electrical circuits. Each circuit
is delimited by the two adjacent bars and the two short-circuit rings. One of the short-circuit rings creates an additional loop, bringing
the number of electrical circuits to (Nw+1). Each electrical circuit is studied independently of the others, with a current flowing through it.
There are therefore (Nb+1) rotor currents. Bars and short-circuit rings are represented by a resistor in series with an inductor. The rotor
of the squirrel cage induction motor can be represented as shown in Fig. 2 [5], [9], [19].

Fig. 2.  Rotor of the squirrel cage induction motor
2.2 ROTOR MESH

The rotor of a squirrel cage induction motor can be represented by electrically interconnected and magnetically coupled meshes. A
mesh is delimited by two bars and two short-circuit ring segments. Fig. 3 [5], [14], [15], [16], [17], [18], [19], shows a rotor mesh formed
by two adjacent rotor bars (k and k-1) and the short-circuit rings.
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Fig. 3.  Electric diagram equivalent of a rotor mesh
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23 MoDEL WITH BROKEN BAR

We can model the broken bar by cancelling the current flowing through it, even though several physical phenomena come into play
during such a fault [14]. Fig. 4 [14] below shows a portion of the rotor cage with a broken bar.

 ibge1)
k+1

o) |
k-1

-

Fig. 4.  Electric diagram of a rotor cage with a broken bar

Two approaches can be taken into account in this type of simulation. The first approach consists in reconstructing the rotor electrical
circuit: the matrices are completely rebuilt. The order of the system is reduced and the current in the broken bar is entirely suppressed,
while the current in the adjacent bars increases. This results in the addition of the two columns and rows related to the fault cur-rent.

The second approach is to increase the resistance value of the faulted bar sufficiently so that the current flowing through the bar in
question is practically zero. In this second case, the self and mutual inductance matrices remain unchanged. This approach, which allows
the simulation of partially broken bars, is more convenient and more realistic.

3 RESULTS AND DISCUSSION

3.1 HEALTHY ROTOR

At no load, the current in the rotor bars is practically zero. Under load, current intensity increases uniformly in all bars. Fig. 5 shows
the maximum currents in the rotor bars for a healthy bar, from bar 1 to bar 26.
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Fig. 5. Maximum currents in rotor bars (case of a healthy rotor)

3.2 ROTOR WITH A BROKEN BAR

In the presence of a broken bar, the currents in the various bars are no longer equal. They vary according to the position of the
offending bar. The presence of a broken bar induces to overcurrent in the neighboring bars and a considerable reduction (close to zero)

in the current intensity in the faulted bar (bar 12). Fig. 6 shows the maximum currents in the rotor bars in the event of a broken bar, from
bar 1 to bar 26.
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Fig. 6.  Maximum currents in rotor bars following a broken bar (bar 12)

33 ROTOR WITH TWO NON-ADJACENT BROKEN BARS

In the case of two non-adjacent broken bars, the currents in the different bars are not equal. They vary according to the position of
the offending bars. The presence of two broken bars leads to an overcurrent in the adjacent bars and a considerable reduction (close to

zero) in the current in the faulted bars (bars 12 and 17). Fig. 7 shows the maximum currents in the rotor bars in the event of a broken
bar, from bar 1 to bar 26.
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Fig. 7.  Maximum currents in rotor bars following breakage of two non-adjacent rotor bars (bars 12 and 17)

34 ROTOR WITH TWO ADJACENT BROKEN BARS

In the case of two adjacent broken bars, the currents in the different bars also vary according to the position of the offending bars.
The presence of two adjacent broken bars leads to an overcurrent in the adjacent bars and a considerable reduction (close to zero) of

the current in the faulted bars (bars 12 and 13). Fig. 8 shows the maximum currents in the rotor bars in the event of a broken bar, from
bar 1 to bar 26.
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Fig. 8. Maximum currents in rotor bars following breakage of two adjacent rotor bars (bars 12 and 13)

35 EvVOLUTION OF CURRENT INTENSITY

The current intensity in a rotor bar observes a transient regime before being cancelled out, as the motor runs at no load until 1s.
Between 1s and 2s, a load with a torque of 10 N.m is applied to the motor. Oscillations due to the torque applied are observed at t=1s,
leading to a maximum current of over 150 A, as shown in Figure 9. After the broken bar at t=2s, the current value drops sharply to around
11 A. A broken bar considerably reduces the current in the faulted bar. At t=3s, a second non-adjacent bar is broken, causing a very slight
increase in bar current to 16 A. Fig. 9 shows the evolution of current intensity in a bar following a broken bar fault.
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Fig. 9.  Evolution of current intensity in a rotor bar

4 CONCLUSION

The aim of this article is to study the evolution of current intensity in each rotor bar for a healthy rotor and a rotor with a broken bar.
First, the methodology used in this study was presented. Then, the various faults experienced by the squirrel cage induction motor at

rotor level were studied. The broken bar is the one that has been particularly scrutinized since the study focuses on this fault. Finally,
results showing the impact of a broken bar on the current intensity in each rotor bar were presented.
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The results show that a broken bar drive to a considerable reduction in the current in the faulted bar, and a distribution of the current

to the other bars, resulting in an increase in the current in the latter. This increase in current in the other bars is not uniform. Neighboring
bars a greater increase than those further away. By analyzing the current in each rotor bar of a squirrel cage induction motor, a broken
bar can be detected. The greatest difficulty lies in the difficult accessibility of the machine’s rotor bars.

NOMENCLATURE
R Rotor bar resistance Le/No Leakage induct;imce of short-circuit ring segment
between two adjacent rotor bars

Ly Leakage inductance of rotor bar irk Mesh current

Re Resistance of rotor shot-circuit ring ibk branch current

Re/No Re.sista nce of short-circuit ring segment between two i Short-circuit ring current

adjacent rotor bars

Le Leakage inductance of short-circuit ring rotor bar
APPENDIX

Parameters Rated values Unit (SI)
Output power 1500 W
Nominal voltage 230/400 \Y;
Frequency 50 Hz
Inertia 17.9x10° Kg.m?
Number of rotor bars 26

Number of turns per stator phase 367

Number of pair of pole 2

Leakage inductance of rotor short-circuit ring 0.5033 x10° H
Rotor bar leakage inductance 0.5033 x10° H
Rotor bar resistance 80.67 x10® Q
Resistance of rotor short-circuit ring 80.67 x10° Q
Resistance of the windings per stator phase 4.19 Q
Friction coefficient 4.23x10° N.m.s?
Cyclicinductance of the stator 16.7x1073 H
Mutual stator-rotor inductance 1.1226 x10°® H
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