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Squirrel cage induction machines constitute critical elements
of many industrial applications. Their failure can cause high
wastes in time and money, a fact that many companies can
not afford. The failure of the induction machine can appear in
its many constituent elements, such as bearings, insulation,
clutch and stator or rotor windings. Cage asymmetries con-
stitute a non-negligible percentage among all the faults
feasible to take place in those machines. Identification of
incipient failures is an objective of the diagnosis, contributed
by a growing number of the results of scientific researches.

The startup conditions were proposed by many research-
ers as a proper base for cage state diagnosis, especially
when the diagnoses should be based on supply currents. It
turns out that the growing rotor speed is accompanied by
changing frequency of the main diagnostic component (left
sideband component) with frequency given by

2 0(1 2 )Sf s f= − ⋅ (1)

where f0 is the supply frequency and s is the slip.

It follows from (1) that in the vicinity of half of the full
speed the frequency of this stator current component is low,
and even falls down to zero at exactly half of the synchro-
nous speed. Traditional technique of identification of this

component relies in low pass filtering. Early versions of diag-
nostic systems used the analogical filters to achieve the
identification of this component. Contemporary diagnostic
systems use exclusively digital low pass filters, whereby the
currents are registered with analog-digital converters in-
stalled as separate units or onboard of the portable compu-
ters. The low pass filtering itself is usually accomplished
thereafter, that is offline [1].

The other, much more contemporary, approach is based
on the application of the Discrete Wavelet Transform to dis-
cern the left sideband component in the stator current during
starting up, whereby this component changes both the am-
plitude and the frequency. The main advantage of this al-
ready well founded signal-analysis tool is the automatic fil-
tering performed by the wavelets signals [2], which allows to
extract the time evolution of the frequency components of
the original signal within their associated frequency bands.

Application of Wavelet Transform is not restricted to the
analysis of startup current. In [3] the efficiency of this meth-
od was demonstrated also with respect to the steady state
currents, received from both the simulations and measure-
ments. It has to be stressed that in [3] the calculations were
based on a dynamical model in which the inductances were
determined via making use of both the winding and air-gap
functions. Thus it was possible to account for slotting.



120

����
 ��
 �
��
�
��������
 �!"
 ������
 ��
 ������#���$�
 ����
 ��#���%���	
��������
��
������
&�������
��&�$���
%������
#
�

���#
���
#
�%
��#�
��������������

However, the most fruitful application of the Wavelet
Transform is in the analysis of the startup current. The re-
sults of simulation and laboratory tests presented in [4–6]
proved the efficiency of the wavelet decomposition of the
startup current for the diagnosis of rotor cage asymmetries.
It was stressed that, once the electromagnetic transient is
over, there is a clear difference between the current decom-
position for the healthy and faulty machine.

In [7] it was proposed to test the cage integrity via survey
of the startup torque. The rationale for this is that in the
startup conditions the currents are big, resulting in that the
bar breakages cause significant changes in cage currents
distribution. This in turn gives rise of variable torque compo-
nent, which can be easily identified via torque measurement.
The advantage of this startup based diagnosis relies in that
it does not require loading equipment, thus making it appli-
cable also in manufacturer or reparation workshop condi-
tions. The measured torque reveals its low-frequency com-
ponent when the rotor speed approaches its rated value.

The methods developed for diagnostic purposes find ap-
plication also in detecting ailments in the load. For example in
[8] the effect of gearbox backlash increase due to teeth wears
and teeth breakage on the stator current was investigated. It
allowed concluding that the stator current spectrum delivers
convenient base for gearbox diagnosis. In [9] and [10] it was
demonstrated that the diagnostic methods are applicable
also for converter fed induction machines, despite magnified
level of background harmonics.

On the whole, the startup current based diagnosis consti-
tutes an alternative to the classical approach for broken bar
detection, based on Fourier analysis of the steady-state cur-
rents. Some drawbacks of the traditional method, such as
overlapping of the diagnostic component (1) by the closely
laying 50 cps fundamental component, can be avoided by
the new approach.

In the present paper two alternative ways developed by
different research groups are presented. Both of them are
based on the extraction of the left sideband component (1)
during startup of the motor. The first approach is based on
utilization of the digital filters which extract the evolution of
the component under a predefined cut-off frequency of
about 25 cps. The second method is based on the applica-
tion of the Discrete Wavelet Transform to the stator current
signal and the further study of the approximation signal
whose associated frequency band contains the range of fre-
quencies through which the left sideband varies. The meth-
ods are applied to two motors with different sizes: a 400 kW
industrial motor and a 1.1 kW induction motor. The diag-
noses prove the validity of both approaches, with acknowl-
edgement for potential advantages contained in the wavelet
approach.
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A diagnostic system based on low pass filtering was elabo-
rated. It relies on one digitally registered supply current. The
current is captured in the secondary winding of current
transformers, accessed via current clips [11]. The current
clips voltage signal is delivered to the portable computer

fitted with analog to digital converting card. The registered
startup currents are stored on the disc and are then analyzed
offline by the low-pass-filtering based diagnostic system.
The system accounts for the correction characteristic result-
ing from the frequency transfer functions of the current
transformer, passive current clips, low pass and anti-aliasing
filter. The cut-off frequency assumed for low pass filtering
was 25 cps.

Figure 1 shows the low-pass filtering of the startup cur-
rent corresponding to a two pole pair, 400 kW, squirrel cage
induction machine driving a coal mill fan. There it is shown
the diagnosis signal reflecting the evolution of the left si-
deband component (1) below the cut-off frequency of the
filter.

The sampling frequency was 4095.96 samples per second.
It follows form Fig. 1 that the diagnostic signal of about
3 amps trespasses the half percent limit for the healthy cage.
That is the machine is diagnosed as showing up cage asym-
metry equivalent to at least one broken bar. In the semi auto-
matically prepared diagnostic report, printed above and be-
low the three plots, it can be read that the diagnostic signal
amounts to 0.8 percent of the 50 cps or fundamental compo-
nent. This value accounts also for the transmission charac-
teristic of the whole measuring path. It consists of the cur-
rent transformer, current clip sensors, anti- aliasing filter and
entrance amplifiers. This characteristic, included into the
digital diagnostic system, is automatically accounted for.
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The Discrete Wavelet Transform performs the decomposition
of a sampled signal s(t) (s1, s2, ..., sN) onto an approximation
signal at a certain decomposition level n (an(t)) and n detail
signals (dj (t) with j varying from 1 to n). Each signal is the
product of the corresponding coefficients (approximation
coefficients for an and wavelet coefficients for dj) and the
scaling function or the wavelet function at each level, respec-
tively. The signal then can be approximated as [2]

1

1
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Where , jn
i iα β  are the scaling and wavelet coefficients, re-

spectively, ϕϕϕϕϕn(t), ψψψψψ j(t) are the scaling function at level n and
wavelet function at level j, respectively, and n is the decom-
position level an is the approximation signal at level n and dj
is the detail signal at level j [2].

The practical procedure for the application of DWT is
known as Mallat’s algorithm or Subband coding algorithm.
An analysis of this procedure shows that the approximation
signal behaves as a low-pass filter whereas each detail signal
behaves as a pass-band filter, extracting the time evolution
of the components of the original signal included within its
corresponding frequency band. If fs (samples/s) is the sam-
pling rate used for capturing s(t), the detail dj contains the
information concerning the signal components whose fre-
quencies are included in the interval [2–(j+1)⋅fs , 2

–j⋅fs]. The
approximation signal an includes the low frequency compo-
nents of the signal, belonging to the interval [0, 2–(n+1)⋅fs].

The proposed approach is based on DWT decomposition
of the startup current with further analysis of the appro-
ximation signal containing frequencies under the supply fre-
quency. The DWT decomposition was done using the MAT-
LAB Wavelet Toolbox. Daubechies-44 was considered for
the analyses due to the convenience of using a high-order
mother wavelet due to the non-ideal characteristic of the
wavelet filters [5].

Figure 2 shows this approximation signal, resulting from
the DWT analysis of the startup current for the 400 kW ma-
chine. Considering the sampling frequency of the signals
(4096 samples/second) a 6-level decomposition was carried
out. The frequency bands associated with the DWT signals
are displayed in Table 1.
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The approximation signal would remain low if no rotor
asymmetry existed in the machine. In Figure 2 the oscilla-
tions created by the asymmetry can be clearly seen. These
oscillations are reflecting the evolution in amplitude and fre-
quency of the sideband component associated with broken
bars during the transient [6]. Thus, this signal can be used as
a valuable tool for the diagnosis.

The amplitude of the diagnostic signal is bigger than that
referring to at least one broken bar in the rotor cage. The
characteristic shape of the diagnostic signal is plainly visible
in the middle plot. From that plot it can also be concluded
that at t = 6 seconds the rotor speed amounted exactly to 50C
of the synchronous speed

The same approach was applied to a 4-pole, 1.1 kW indu-
ction motor coupled to a DC machine. A rotor bar break
a hole in the selected bar. Main characteristics of the motor
can be found in [5]. Figure 3 shows the approximation signal
resulting from the DWT of the startup current for the unload-
ed machine with one broken bar. For this test the sampling
frequency was 5000 samples/second. With this, the frequen-
cies associated to the different wavelet signals are those
shown in Table 2. The shape and magnitude of the approxi-
mation signal allows the diagnosis of the presence of the
breakage also in this case.
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Some indicators based on the energy of the wavelet sig-
nals have been proposed for quantifying the degree of se-
verity of the fault. In [12] an indicator based on the energy of
the approximation signal with associated frequency band
containing components below the fundamental frequency
was given. This indicator is given by (3).

2

2
(dB) 10 log

( )

Ns

j
j Nb

AF Ns

nf
j Nb

i

I

a j

=

=

⎡ ⎤
⎢ ⎥
⎢ ⎥= ⋅ ⎢ ⎥
⎢ ⎥⎡ ⎤⎣ ⎦⎢ ⎥⎣ ⎦

∑

∑
(3)

Where ij is the value of the j sample of the current signal;
anf (j) is the j element of the order nf approximation signal
(this is the approximation signal whose level is the same as
that of the detail which contains the fundamental frequency
(f )); Ns is the number of samples of the signal, until reaching
the steady-state regime and Nb is the number of samples
between the origin of the signals and the extinction of the
oscillations due to border effect.
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Computation of this indicator for the 1.1 kW induction
motor in healthy state and in the motor with one bar breakage
is shown in Table 3. There it is shown the clear difference in
dB that arises between these two states, a fact that informs
clearly about the presence of the breakage in the machine.
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The diagnosis of the cage integrity, based on startup cur-
rent, should be treated as valuable assistance of the diagno-
sis based on steady-state currents. This is due to the fact
that the currents during startup trespass those in steady
state, thus creating more optimal conditions for the exposure
of the faulty cage elements.

Low pass filtering based procedures, despite their robust-
ness, should be substituted by wavelet transform based pro-
cedures due to the potential advantages of the latter ap-
proach, especially if more diagnostic components should
be accounted for. The aim of further work will be syste-
matisation of the results that should allow developing
a device for automatic discrimination between different
types of faults.
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