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Abstract— The asynchronous motor has an interest in
strong powers applications requiring speed variation. Even
if it is robust, it is not saved by electrical or mechanical
defects.

Among rotor defects, we can quote a fissure or a total break
of bar, a rupture of end ring circuit, an eccentricity of the
rotor axis...

In this paper, we use a technique based on the spectral
analysis of stator current in order to detect a breakdown or
a defect in the rotor. Thus, the number and the position
effect of the breaks have been highlighted.

The effect is highlighted by considering the machine
supplied directly through a balanced three-phase network.

Index Terms- broken rotor bar, asynchronous motor,
modeling, diagnosis, stator current spectrum.

I. INTRODUCTION

Although the asynchronous machine is famous for its
qualities of robustness and its low cost of construction, it
happens nevertheless that it can present electrical or
mechanical failures.

The developed techniques based on spectral signatures
analysis of rotor defects (such as partial or total break of
squirrel-cage bars or of end ring portion) and stator
defects (such as short-circuits) must detect early failure.
So from the signatures analysis of the defect, the stop of
the production process line, where the asynchronous
motor is used, can be programmed to replace the failing
elements before the breakdown becomes very serious.

The early diagnosis of defects is of importance and
mobilizes researchers in electrical engineering, automatic
and signal processing fields.

Among rotor defects which can appear, there is the
break of rotor bars or of an end ring portion. The problem
is that direct measurement of rotor variables is difficult for
a squirrel-cage asynchronous motor.

The consequences of these defects may be the
following ones:

e a mechanical ageing of the rotor axis because of
the torque fluctuations,

e higher risks of the adjacent bars break because of
high  currents and, consequently,  significant
electrodynamics constraints,
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e waveform distortions of the machine supply and
therefore of the electric network.
We can also quote other defects types such as:

A. Internal defects

The internals defects can concern the stator or the
rotor:

STATOR DEFECTS

The stator is rather subjected to electric stresses which
can be accompanied by the following defects:

- short-circuit in the whorls of the same phase,

- short-circuit between phases,

- cut in the phase,

- defect in the magnetic circuit (sheet rupture),

- defect in the sheet insulation,

- electrical defect of insulation in the stator windings,
- ageing of insulators.

ROTOR DEFECTS

Among these defects we can quote:

- misalignment of the rotor in consequence of a wear of
the bearings detectable by the monitoring of the vibrations
or the current [1],

- break of one or several bars,

- break of end rings,

- defect of the magnetic circuit.

B.  External Defects

These defects may have different origins:

- electrical: the transitory mode or the unbalance of
the feeding,

- thermals: operating temperature elevation, hot
points, overload,

- mechanical: frictions, shocks in service,...

- chemical: corrosion, moisture.

In particular, outgoing research work is currently
concentrated on rotor bar faults and on the development
of diagnosis techniques applied to three-phase squirrel-
cage induction machines [2]-[4].
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II.  MODEL OF THE THREE PHASE ASYNCHRONOUS
MOTOR

The model of the asynchronous motor takes into
account the following assumptions [5]:

- the saturation and the skin effect are negligible,

- the air-gap is uniform,

- the mmf distribution in the air-gap is sinusoidal,

- the rotor bars are isolated from the magnetic circuit of
the rotor,

- the relative permeability of the magnetic circuit is
supposed to be infinite.

Although the mmf of the stator windings is supposed to
be sinusoidal, other distributions of rolling up could also
be considered by simply employing the superposition
theorem. It is justified by the fact that the different
components of the space harmonics do not act the ones on
the others [6].

In order to study the phenomena taking place in the

rotor, the latter is often modeled by Nr meshes as shown
on figure 1.

Fig. 1. Rotor cage equivalent circuit

The induction motor mathematical model can be
written as follows:
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III. DEFECT MODEL OF THE MOTOR

In order to simulate the defect of bar break, a defect
resistance Ryris added to the corresponding element of the
rotor resistance matrix Ry [7]:

0 - 0 )
) 0 -0
[R'F]NRXNR: 00 Ry -R, 00
00 -Ry, R, 00
.. 0 0 ..

Consequently, the squirrel cage resistance matrix,
taking into account the defect, is defined by:

R e Lo =R hng * R D,
The mechanical equations must also considered:

d
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dt

The application of the classical Park’s transformation to
the three-phase stator currents allows calculating the stator
currents Igs and I and leads for the following torque
expression:

3
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IV. SIMULATION RESULTS AND DISCUSSIONS

After several transformations, the model of the
asynchronous motor is given by expressions (1) to (5).
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The classical Fast Fourier Transform (FFT) is used to
realize the frequency analysis of the measured stator
phase currents in order to determine the spectral
signatures of the defect [8].

The spectral analysis of stator phase currents highlights
the effect of the defect through the appearance of
harmonics around the fundamental [9]-[11]
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Their amplitudes increase according to the number of
defective bars at characteristic frequencies (equation (6)),
[12, 13].

fjefeet =(1E20.2)fs , n=1,2, .. 6)
where fyerer are the sideband frequencies associated with
the broken rotor bar and where g represents the motor slip

and fs the stator frequency.

A.  Effect of the break severity on the stator current
spectrum
To highlight the effect of the break severity, we

simulate bars break by increasing the broken bar
resistance from 10 Ry to 100 Ry,

modulus of Is1 (dB modulus of Is1 (dB)

Fig. 2. Stator current spectrum analysis for an increase of the broken
bar resistance (g =3.6%) a) 10Rb b) 100 Rb

It is noticed that the value of the broken bars
resistance introduces a modification on the stator current
spectrum: harmonics appears on both sides of the
fundamental and they verify the equation (6). (figures 2-a
and 2-b)

B.  Effect of the number and the position of broken bars

We consider the several bars breaks defect so as to take
into account their number and their position.

Spaced failure

Fig. 3. Example of spaced broken bars
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Fig. 4. Stator current spectrum taking into account the number
and the position of the broken bars (g=3.6%):

a) Adjacent two break bars b) Spaced two break bars ¢) Adjacent three break bars
d) Spaced three break bars

On the figure (4), we notice the appearance of
harmonics on the spectrum. These harmonics have
amplitude which increases according to the raise of the
defective bars number and changes with their positions.
Table 1 highlights the influence of the number and the
position of broken bars on the stator current spectrum.

The frequencies values given by the equation (6) and
those deduced from the spectrum graphs are in agreement
with one another for different types of breaks [14]. The 3™
and the 4™ harmonic do not appear on the spectrum
because there is compensation due to the relative position
of the broken bars (cylindrical symmetry).

The increase of the harmonics amplitude is due to the

increase of the broken bars number. The amplitude of
the lines increases with the number of broken adjacent
bars. Moreover, the six lines correspond to the defect
which appears.

C. Effect of the load on the stator current spectrum

The effect of the load on the stator current spectrum is
highlighted by considering a break of three adjacent bars
with different slips (g= 0.001 %, g=1.15 %, g=2.3 % and
g=3.6 %)(see figure (5)).

We notice a tightening of harmonics spectrum for weak
slips. The spectral analysis of signals becomes then
delicate in this case.
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Fig.5. Stator current spectrum with different slips for adjacent three
break bars: a) g=0.001% b) g=1.15% c¢)g=2.3% d)g=3.6%

So it appears from figure. 5 that the defect is better
highlighted when the machine is charged.

TABLE.I
FREQUENCIES AND MAGNITUDES OF THE STATOR CURRENT SPECTRUM:

a) Adjacent two break bars

b) Spaced two break bars  ¢) Adjacent three break bars

d) spaced three break bars

The number and the f a=(1-6g)fs f = (1-4g)fs f e =(1-2g)fs f =(1+2g)fs fa=(1+H4g)fs | f=(1+6g)fs
position of broken bars line 1 line 2 line 3 line 4 line 5§ line 6
Fencuaea (H2) 35.94 40.62 4531 54.68 59.37 64.05
a) Fdeiucea (H2) 36.58 40.87 45.11 54.33 58.57 63.54
Magnitude (dB) -49.16 -37.60 2491 2931 -45.6 -50.9
Fcatcutaca (H2) 36.26 40.84 45.42 54.57 59.15 63.73
by | Foeaees (H2) / 39.64 45.12 5427 / /
Magnitude (dB) / -48.36 3271 -35.40 / /
Fcuteutaed (H2) 34.576 39.71 44.85 55.14 60.28 65.42
¢ | Fuetueea (H2) 34.774 39.67 45.09 55.47 60.40 64.72
Magnitude (dB) | 43 479 -30.46 -20.08 -27.00 -44.65 -50.81
Featcutaca (H2) 35.636 40.42 45.21 54.78 59.57 64.36
d) | ot (2) / 40.83 45.137 54.15 59.79 /
Magnitude (dB) / -46.02 -29.77 -34.85 -47.25 /
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D. Effect of the broken bars position on the current
spectrum

In these cases, we consider two broken bars and we
define a angle position between two broken bars.
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Fig. 6. Stator current spectrum with different position of the two broken
bars: a) healthy motor b) «=22,5° ¢) a=45° d) a=90° ¢) a=135° f) a=180°

a) fromene @ b) fremensy 412 If the broken bars are close to one another (figure 6b,
ks o 51(5) s of 5109 6¢), the amplitude of the harmonics located on both sides
B of the fundamental are significant (table 2). On the other
"" hand, if the angle a is equal to 90° or to 180° (figure 6d,
= ) 6f), the amplitude of the harmonics are weak and it is
J, e difficult to distinguish the healthy machine from the
. B defective one (figure 6a).
uc )35 “ tw:ry(": e 3“d ) T s T
TABLE.II
Effect of broken bars position on the current spectrum
=225 | a=45 =90 a=135 a=180"
542857 | 54.2857 542857 542857 542857
f(Hz) 59.1705 | 59.1705 / 58.9862 /
64.6083 / / / /
Lower
-31.6228 -32.4196 -43.5965 -36.8860 -43.5380
Ma‘fggde -46.7325 | -50.6360 / -50.2193 /
-55.0658 / / / /
45.1613 45.1613 44.5161 45.2535 44.6083
f(Hz) 402765 | 40.9217 / 40.2765 /
Unper 36.0369 36.1290 / 36.4977 /
PP 258699 | -282237 | 459357 | -30.4825 | -45.8772
Magnitude -43.0629 -46.8494 / -48.9035 /
(dB) -52.5804 | -54.1155 / -54.0789 /

V. CONCLUSION

This paper presents within the framework of the
diagnosis the asynchronous motor broken bars simulation
based on the development of a multi windings model.

The stator current spectrum analysis shows the presence
of a defect due to the break or the rupture of bars thanks to
the appearance of different harmonics given by the
equation (6).

The severity of the defect can be deduced from the
amplitude variation of the harmonics located on both sides
of the fundamental.

Broken bars position and number effect result in an
increase of harmonics amplitude in respect to the number
of broken bars. The break of adjacent bars appears very
well on the stator current spectrum. Generally, we noticed
that the influence of the rotor defect on the stator current
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spectrum is much more visible if the distance between two
broken bars is larger.

However, when the position of two broken bars is
equal to 90° or 180°, it is difficult to distinguish from the
current spectrum analysis the healthy case from the
defective one.

The effect of the load can be resumed as follows:

- a weak slip (g) results in a contracting of the
harmonics interval,

- a significant g (full load) results in an expansion of
the harmonics interval and an increase of the harmonics
amplitude.

So the severity of the defect can be deduced from the
amplitude of harmonics.

And the interval between these harmonics becomes
broader if the machine is at full load. However the
variation of the slip can induce in error because it causes



the appearance of additional harmonics (figure 5). So we
can note that the slip is a significant parameter to take into
account for the diagnosis of asynchronous motors,
particularly for rotor defects detection.

LIST OF SYMBOLS

Pn output power 1.1 kW
Vs stator voltage per phase 220V
fs stator frequency 50 Hz

p poles pair number 1

Rg stator resistance 7.58Q
Ry rotor bar resistance 0.15mQ
R, resistance of end ring segment 0.15mQ
Ly rotor bar inductance 0.1pH
L. inductance of end ring 0.1pH
Ly leakage inductance of stator 0.0265H
M,, mutual inductance stator rotor 46.422mH
Nr  number of rotor bars 16
Ns number of turns per stator phase 160
Jn  inertia moment 0.0054 Nms®
Rbgk additional resistance of a defect rotor bar

a electrical angle of two rotor adjacent meshs 0.392

0 angle between stator phase 1 and od axis

g slip

fcal frequencies calculated

ids, iqs Park’s currents

a angle position between two broken bars.
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