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Park’s Vector Approach to Detect Broken Rotor Bars in
Saturated Induction Motor

Abstract. This paper deals with the problem of broken rotor bars fault diagnosis in saturated induction motor. Several techniques such as those
based on vibration, axial leakage monitoring, zero-sequence component, negative sequence current, and motor current signature analysis have
been used. However, these techniques do not take into account the effect of magnetic saturation. This paper presents a current Park’s Vector
method for diagnosis in squirrel cage induction motor with the presence of magnetic saturation. The use of a current vector pattern trajectory and
Modulus current spectrum analysis demonstrate that deformation of the Current Park’s Vector Pattern trajectory and the presence of new harmonics
are indicators for predicting magnetic saturation and broken bars rotor fault. Our experimental results allow us to discriminate between the magnetic
saturation in healthy and faulty squirrel cage induction motors.

Streszczenie. W artykule podjeto problematyke diagnostyki peknietych pretéw wirnika w nasyconym silniku indukcyjnym. Zastosowano kilka
technik, takich jak oparte na drganiach, monitorowaniu uptywu osiowego, sktadowej zerowej, sktadowej przeciwnej pradu i analizie sygnatur pradu
silnika. Techniki te nie uwzgledniajg jednak wpfywu nasycenia magnetycznego. W artykule przedstawiono aktualng metode Parka Vector do
diagnostyki silnika indukcyjnego klatkowego z obecnoscig nasycenia magnetycznego. Wykorzystanie trajektorii wektora pradu i analiza widma pradu
modufowego pokazujg, ze deformacja trajektorii wzorca wektorowego Current Park i obecno$¢ nowych harmonicznych sq wskaznikami do
przewidywania nasycenia magnetycznego i uszkodzenia wirnika z peknietymi pretami. Nasze wyniki eksperymentalne pozwalajg nam rozréznic¢
nasycenie magnetyczne w zdrowych i uszkodzonych silnikach indukcyjnych klatkowych. (Metoda wektorowa Parka do wykrywania peknietych

pretéw wirnika w nasyconym silniku indukcyjnym)
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Introduction

In industrial applications, squirrel cage induction motors
(SCIMs) are popularly used due to their robustness,
reliability, and low cost. However, during their operation,
induction machines are frequently subjected to a variety of
stresses (e.g., excessive heating or the rotor is subjected to
electromagnetic forces and environmental stresses during
normal use, resulting in magnetic fatigue). These stresses
generate problems in various components of the machine
such as broken bar rotor faults; rotor fault occurs from
thermal stresses: hot spot or fatigue stress that occurs
during transient operation such as when starting up a large
motor [1-8].

A broken bar rotor is very difficult to detect because a
SCIM with this fault continues working without giving any
indication of the failure. For these reasons, several authors
are interested in diagnostic methods for a broken bar [9—
12]. To detect machine faults using physical parameters,
various fault detection methods have been established,
such as current, voltage, speed, efficiency, temperature,
and vibration. Many techniques for monitoring the health of
and detecting faults in SCIMs are based on the processing
of stator line currents [13-17]. Among these, different
authors have used Park’s Vector technique to analyze
various types of individual faults [18-26].

Several published works are related to rotor bar failures
in squirrel cage induction motors are based on machine
current signature analysis. In this way fast Fourier transform

is used to show the effect of this fault on frequency
spectrum of current signal. Broken rotor bars in squirrel
cage induction machine results the presence of two
sidebands frequency in the stator current spectrum.

However, in much of the research concerning fault
diagnosis, the magnetic saturation is not considered in the
model. Recently, many researchers have tended to move
towards the introduction of the phenomenon of saturation in
their motor's modeling to give more details concerning the
diagnosis of faults and on optimal design.

In [27], magnetic saturation is introduced by the Finite
Element Method (FEM), which demonstrates the saturation
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effect when an induction motor is under voltage fluctuations.
In [28], an approach based on a zero sequence current
component (ZSC) is proposed for fault diagnosis including
the effects of magnetic core saturation. In [29], an approach
based on winding function and the saturation core effect are
utilized for broken bar rotor detection. In [30], we have
shown via spectral analysis of the stator current that, on the
one hand, the saturation harmonic was close to
characterizing the properties of the asynchronous motor
and, on the other hand, in the faulty motor.

From the above survey, we can observe that there is a
continuing tread to develop a method for broken rotor bar
fault diagnosis, and different modeling for magnetic
saturation. However, this phenomena is not considered in
fault diagnosis. This leads to our objective of this paper, that
is, to achieve broken rotor bar fault diagnosis with take in
consideration the magnetic saturation.

The aim of this paper is to use the Current Park’s Vector
Approach (CPVA) and the Modulus of the Current Park
(MCPA) to show the effect of magnetic saturation and its
difficulty in discriminating between the healthy, faulty, and
saturate motor.

The modeling of saturated SCIM

We study an Induction Motor (IM) having n rotor bars
and m stator circuits. Voltage equations for the SCIM are
written as follows:
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Voltage and currents for stator and rotor are given by
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and flux linkages for stator and rotor are given by
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Lss and L, are self and mutual inductances for stator and
rotor respectively, L is the mutual inductances between the
rotor loops and the stator phases, with Ls; = L.

The dynamic equations for the SCIM are

J d o +TL=Te
do, ”
- r

where J is the rotor inertia, @ is mechanical speed and 6,
is the angular position. T; and T, is load and
electromagnetic torque respectively.

The electromagnetic torque is represented as
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The mathematical model of magnetic saturation is
represented by a variation the air gap in function with
position and saturation level, this function is written as [1]:

(10) gs (¢’ 9) ~ g' [1 - kgsat COS{Z(p¢ - ‘9)}]
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Where, kgsatis the saturation factor, g’ is average value of
the air-gap, @is the position of the air-gap flux, p is the

number of pole pairs, ¢ and is the stator position.

The variation of the air gap length means changing in
different inductances and therefore the performance of the
inductor motor. We have demonstrated this variation in our
Work [31].

Modeling by CPVA and MCPA

The method is based on the transformation of a three-
phase system to two and simplifies its study, for this reason
CPVA [16] is widely used in electrical control and in the
study of transient regimes of electrical networks.
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with mathematical transformation, we can write:

iy = [%Jim sin(at)
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Where | represent Park Vector Modulus (PVM).

CPVA is represented by a circle. This geometric shape
represents the ideal operation of the machine (fig. 1). This
locus is distorted by saturation, broken faults and thus
provides easy fault diagnosis. PVM as a function of time
represents distortion in the fault diagnosis signal or the
presence of harmonics in its spectrum frequency analysis.
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Fig. 1. Park’s Vector Pattern for a healthy motor and an ideal
case.

Experimental results
Test bench details

In order to use CPVA in our experimental study, we have
mounted a test bench is depicted in fig. 2. The test bench is
made up of an asynchronous motor (SCIM), the
specifications of the induction motors are shown in Table I.
The motor drives a permanent magnet synchronous
generator (GSAPM) supplying a variable resistive load. For
the fault diagnostic test we replace the healthy motor by a
faulty in our case a broken bar rotor. Fig. 3 and fig. 4 show
the different elements of the test bench and pictures of
healthy and broken bar rotor respectively.

Table 2. Squirrel Cage Induction Motor Specifications.

Specifications Unit Value
Power kW 8
Voltage Volt 380
Rated current Amp 9
Speed RPM 1425
Frequency Hz 50
Rotor bars - 28
Q—
- 30
Resistive Load AC
Load Machine 0+ Supply
ﬁH_n
/
‘ - }
PULSE P
. Analyser| /7
elastic connector /  Induction Motor / /

Fig. 2. Detection system scheme.
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Fig. 4. Pictures of a healthy and a broken bar rotor.

Results and Discussion:

To show the effect of saturation in our study, we have
tested motor at no load, we noted that the voltage-current
characteristic (Fig. 5), and we deduced the saturation factor
in which the voltage applied to reach the saturation of the
machine.
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Fig. 5. No-load characteristic of the experimental motor.
CPVA Trajectories

Fig. 6 and fig. 7 present the Current Parks Vector Pattern
trajectories for the healthy motor with and without load for
both cases with and without saturation.

The trajectories have a different shape of the circle
because of the non-sinusoid of the power source. The
saturation effect is marked by the increase of the diameter
of the hexagonal shape at no loaded motor (fig. 6), in the
loaded and without saturation case the current path rotates
90 ° and when the motor is saturated in addition of
increasing the diameter, we notice the deformation of the
hexagonal shape (fig. 7).

Io(A)
Fig. 6. Expg_ricnental CPVP for healthy motor atI no load.
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Fig. 7. Experimental CPVP for healthy motor at full load.

Fig 8 shows the current park pattern without saturation
for healthy (blue) and broken bar rotor fault (red). It could be
seen that broken bar fault is detected by the increase of the
thickness of the shape. Fig 9 shows the current park pattern
with saturation likewise for healthy and broken bar rotor
fault. In this case with saturation, it could be seen that the
magnetic saturation cause a clear deformation of the park
current trajectories with the thick of shape for broken bar
rotor.
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Fig. 8. Motor without saturation.

Ig{A)

Fig. 9 Motor with saturation

PRZEGLAD ELEKTROTECHNICZNY, ISSN 0033-2097, R. 99 NR 8/2023 221



Using the Current Parks Vector Pattern, the visual
examination of the shape thickness by a non-expert person
can be considered as the first reliable broken fault existence
indicator, and the increase of Diameter with deformation of
the shape are magnetic saturation indicator. Unlike the
majority of techniques, Current Parks Vector Pattern can
provide accurate information about rotor health without
requiring access to the motor.

Spectrum Analysis of PVM

Fig. 10 and fig. 11 present the spectrum frequency
analysis of PVM for the healthy motor with load for both
cases with and without saturation. Figures (10 and 11)
show the presence of the principal harmonics components
(PH4, PH2 and PHs). Figure 11 is marked by the presence
component

of saturation harmonic identified  at

approximately 1.2 Hz.
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Fig. 10 Spectrum analysis of PVM for healthy Motor and without

saturation.
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Fig.11 Spectrum analysis of PVM for healthy Motor and with
saturation.

Figure 12 shows the PVM spectrum for faulty motor

without saturation. The Broken harmonic (BH) is detected in
the neighbourhood of the principal harmonics.
For the case of the faulty motor with saturation (Figure 13),
the broken harmonics are in the proximity of the saturation
harmonic position. In this experimental stydies, we can see
the absence of broken bar harmonic BH1 (fig.13) when the
motor is saturated. This demonstrate that the difficult to
discriminate between saturation and faulty motor.
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Fig. 12 Spectrum analysis of PVM for broken bar rotor and without
saturation
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Fig. 13 Spectrum analysis of PVM for broken bar rotor and
saturation.

Conclusion

This paper presents the magnetic saturation effect on
fault diagnosis in SCIM using Current Parks Vector Pattern
(CPVP) technique and spectrum analysis of PVM.

In the CPVP For healthy motor without saturation, the
trajectory was hexagonal shape while with saturation the
diameter of the CPVP shape rise. The increasing of the
thickness CPVP trajectory of broken bar is indexes
diagnosis for SCIM without and with saturation.

In the spectrum analysis of PVM shows clearly the
presence of saturation harmonic in health and faulty motor.

The analysis of the Park’s vector patterns allows for
obtaining a simple graphical view of the presence of
abnormal operating conditions. This is an efficient method
to detect an incipient rotor bar fault easily and early on
without the need of the user expertise to interpret the
obtained diagnosis results. However, the pattern does not
give an accurate quantitative idea as to the magnitude of
the problem.

The magnetic saturation is manifested by the increase in
the diameter of the PCVP shape and by its deformation of
the trajectory. The increase in shape diameter is an
effective indicator for healthy motor operation in the region
of saturation. Nevertheless, the deformation and the change
of the shape CPVP in the case where the motor presents a
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broken rotor bar, it is difficult to decide that they are
indicators of the presence of saturation, because the
deformation and the change of the shape CPVP may be
signs of short winding or bearing faults as demonstrated in
reference [23-24] and [27]. In the other hand the presence
of saturation harmonic is clearly detected by spectrum
analysis of PVM.

In the next paper, we validate the effectiveness of PCVP
and PVM technique when we are the combined faults like
eccentricity and bearing faults with and without magnetic
saturation.
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