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Abstrace— In this paper, we present a method dedicated to the
detection of broken bars and end-rings defects in a three-phase
induction motor. This method is based on the spectral analysis of
the stator current Park’s vector medulus. The theoretical prin-
ciples of this method are described. Simulation and experimental
results demnonstrate the effectiveness of this method for the de-
tection of the squirret cage faults.

I. INTRODUCTION

The asynchronous squirrel cage induction motor is a key
component of the majority of the industrial plants, because of

its great robustness and its fow cost. [t is indeed, omnipresent -

in the industnal sectors like aeronautics, the nuclear power,
chemistry. In spite of these qualities. stresses of various na-
tures (thermal, electric, mechanical or environment) can af-
fect the life span of this one, by involving the accurrence of
stator and/or rotor faults [11], [12].

- These faults cause considerable economic losses. Thus, it
is imperative to implement monitoring systems in order to
avoid the unforeseen stops.

Malfunctions of a three-phase induction motor can be due
to:
% Rotor faults:

- Broken bars,
. Broken end rings,
. Air gap eccentricity,
. Bearing faults.
% Stator faults:
. Inter-turn short-circuits between,
. Inter-phases short-circuits,
- Cut of a phase.

The great development in the equipment and the software
of the signal processing returned possible the diagnosis of the
defects in the electrical machines. The principle of these new
techniques of diagnosis is based on the localization of the
spectral signatures characterizing the faults in the spectrum of

(-7803-8790-2/04/320.00 ©2004 IEEE. 128

signals, which are taken from the machine. Each defect ap-
pears either by the creation of harmonics at trequencies re-
lated to the nature of the defect. or by the modification of the
amplitudes of the harmonics already presents in the spectrum
[61. [81. [131 |

According to the literature, the principal signals used to
obtain information on the health of the machine are as fol-
lows: C

» Stator current [3]. [6], [13].

= Electromagnetic terque [9], [14].
* Mechanical vibration {10],

* Instantancous power [4]. [7].

Research concerning the use of the Park’s vector approach
[13, [2], demonstrated the effectiveness of this technique for
the diagnosis of the abnormalities.

The devejopment of the mathematical equations is made 1n
a reference frame related to the rotor. It represents the contri-
bution of the authors of this article.

II. THE EXTENDED PARK'S YECTOR APPROACH

The Park's vector components (iy and i), in a reference
frame related to the rotor (# = @J). can be expressed as a
function of the stator current phases by:

ig(t) = E[ia(!)c059+ib (Hycos(f -—2?”)

+:’C(:)cos(0—5—{)]
3 )
i (€)= J—E—[ia(f)sin9+ i (1)sin{@ —2—;—)

+i,.(tysin(@ - 4Tﬁ)]

Under ideal conditions (without faults), the stator curents
i, ip and i are purely sinusoidal signals:
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Under abnormal conditions (presence of a rotor defect for
example), harmonics in the torque are generated, accompa-
nied by oscillations in the speced and a modulation of the sta-
tor current [3][2]. Spectral components at (1+2ks)f,, charac-
terizing this type of defect, appear in the line currents that
still represent a multi-frequency three-phases symmetncal
system. If only the first sideband components around the sup-
ply component at pulsation «, are considered, they can be ex-
pressed as:

ift) =i cosfwd —a)+icosffl-2sjmyt ~ 6]
+i cosff1+25)m s~ 8]

it} =i, cos(wms —af%nlh feosffl-2s)wt - 8 —2—:-]
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With:

i Maximum value of the fundamental supply phase current.

i Maxitmum valuc of the lower sideband component {1-2s)f;.

ir: Maximum value of the higher sideband component
(1+2s5)f..

a The phase angle of the fundamental supply phase current.

8;The phase angle of the current lower sideband component
(1-2s);

8, The phase of the current higher sideband component

(1425)f,

By replacing currents i,, i, and /. by its expressions in the
relation (1), we obtain:_

i) = J-g ipcosl(s.t —al+ i cos(—s.a,t - 5))
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oy ey
42 '
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Under these conditions, it is clear that the two components

iz and iy are made up of two parts:
= 1™ part Al: It contains two components at the fre-
quency of sfs :
*» 2" part A2: It contains a component at the frequency -
of 3sfs .

Generally, the fracture of one or more bars generates in the
spectrum of currents iy and iy a chain of harmonics at fre-
quencies ksf, with k=1, 3, 5... (Figure 1).

The square of the Park's vector modulus is given by:
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Fig.1 The spectrum of i, component for a motor with two broken bars
(s=3,5%)
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It is noticed that the spectrum of the current Park's vector
modulus is the sum of “dc” level generated mainly by the
fundamental component and a “ac” level that contains two
terms at frequencies of 2sf; and 4sf;. The “ac” level of the cur-
rent Park's vector modulus is clear from any component at the
fundamental supply frequency; it calls a characteristic com-
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ponent and it provides an extra piece of diagnostic informa-
tion about the health of the motor. '

Figure 2, shows that the occurrence of bars faults is char-
acterized by the appearance of the compenents 2sf; and 4sf,.
These characteristic components can eastly be distinguished
and their amplitudes indicate the severity of the fault.
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Fig 2 Simulation spectrum of the ac level of current Park’s vector modulus for a moter with rated load

Figure 3 represents the spectrum of the ac level of the cur-
rent Park’s vector modulus; during the fracture of one then
tows end rings. According to amplitudes of the harmonics
2ksf,, one can note that this kind of faults is more severe than
that due to the broken bars.
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To see moreover meadows severity of the default; we tried
1o see the variation of the amplitude of the harmonic 2sf; ac-
cording to the increase in the number of broken bars.
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corresponding to:

a. One broken end ring.

b. Twe broken end rings.
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Figure 4 shows that there is an increase in the magnitude
of the 2sf; component with the extension of the faults, making

this component a good indicator of the conditions of the mo-
tor.
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Fig.4 The magnitude of the 257, component versus the number of adjacent
broken bars.

Mr. A. Cruz [2], defined a normalized severity faclor: -

Amplitude of the 2gf3: component
de level

normalized severity factor =

Figure 5 shows that the normalized severity factor in-
creases with the number of broken bars, making a good indi-
cator of the operating conditions of the machine.

III. EXPERIMENTAL TESTS

The test-motor used in the experimental investigation is a
three phase, 30z, 2-poles, 3Kw, induction motor manufac-
tured by Sew-Usocome drives a DC generator feeding a vari-
able resistor provides a mechanteal load (figure.6).

Figure 7 shows a rotor with one broken bar, used in the
tests.

Figure 8§ shows that in the absence of faults there exists
some spectral components with small magnitude due to the
inherent and natural asymmetries.
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As it was theoretically predicied. the occurrence of broken
bar is characterized by the appearance of spectral components
at the low frequencies of 2ksf; (Figure 9).
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Fig.9 Experimental Spectrum of the ac level of current Park’s vector
modulus for a motor with one broken bar rated load (5=0.085)

Fig.7T Rator with broken bar.
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1V. CONCLUSION

This paper shows that the occurrence of rotor cage faults
can be effectively detected thanks to the Park's vector
modulus analysis. With this approach, information is situated
in low frequencies. Consequently, the Park's vector modulus
provides easier filtering conditions. On the contrary, and
when one uses the spectrum of the stator current for detecting,
rotor defects, it 15 sometimes difficult to distinguish the side
bands (1425)f, characterizing the bars defects, since these
sidebands are at a distance from +2sf; around the fundamental
(50Hz) and this distance becomes very small with weak ship.
Moreover this is also the same thing in case of high power
induction motors.

It should be also notice that the taking inlo account of the
currents in all three phases brings more information for the
process of the diagnosis.
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V1. LisTs OF SYMBOLS

im | the maximum value of the current
@, | the pulsation
ir | the maximum value of the fundamental component of

the current

i; | the maximum value of the component lower (f-2s)f]
of the current -

the maximum value of the component higher (1+2s)f;

lV
of the current

a | the phase of the fundamental component of the cur-
rent

8, | the phase of the component (/- 25)f,

B, | the phase of the component (J+2s)f;

s { the slip in per unit
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