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Abstract — Condition monitoring is an important issue
in the maintenance of electrical machines. In the last
years many methods of fault detection were cited in
literature. Most of the newly proposed advanced
methods are for on-line and non-invasive monitoring.
This means that the faults can be detected already in
their incipient phase during the usual work of the
monitored machines. The aims of this paper is to make
a brief review of two nowadays more and more
frequently used induction machines' fault detection
practices: the wavelet analysis based method and the
Park’s vector approach.
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I. INTRODUCTION

Squirrel cage induction machines are widely used in
modern industry applications due to their robustness,
low cost, and easy maintenance.

Many of its basic components are susceptible to
failure. The faults occur in most of the cases in bearings
or shafts, stator windings and rotor bars. However, by
means of advanced on-line diagnosis methods it is
possible to detect the faults in their incipient phase,
before the catastrophic effects of the failures on the
machine which can cause long time downtimes and huge
costs in industrial environment [1].

About 40% of the faults that occur in induction
machines are in the bearings, 30 to 40% in the stator,
10% in the rotor and the remaining ones in the auxiliary
devices of the machine [2].

Condition monitoring of induction motor requires
wide range multidisciplinary knowledge, therefore it is a
challenging topics for numerous engineers working in
various fields.

Many condition monitoring methods are cited in the
literature, including vibration, thermal, chemical and
acoustic emission monitoring. Unfortunately all these
methods require expensive sensors or specialized tools.
Therefore the widely used current monitoring methods
have a main advantage over those mentioned above:
they require only (frequently already existing) simple
and cheap current sensors.

The current monitoring based techniques can be used
to detect almost all of the faults of a squirrel cage
induction machine: rotor bar faults, shorted winding

fault, air-gap eccentricity faults, bearing faults, load
faults, etc. This method is non-intrusive and can be
applied both on-line and in a remotely controlled way.

In the paper two of the most frequently used current
monitoring methods used in condition monitoring of the
squirrel cage induction machines are overviewed.

I1. WAVELET ANALYSIS BASED MONITORING

By its basic definition a wavelet is a particular wave
whose energy is concentrated in a specific temporal
location. It can be considered as a known signal with
some peculiar characteristics. It can be easily used in
studying the properties of other signals simultaneously
in the frequency and time domains. A typical plot of a
wavelet is given in Fig. 1.

Fig. 1. A typical plot of a wavelet

A wavelet is an oscillation similar to that recorded
by a seismograph or a heart monitor. Its amplitude starts
out at zero, increases and then decreases back to zero.
There are a variety of wavelets that have specific
properties, and can be used for signal analysis in various
fields of sciences, as computer imaging, climate
analysis, heart monitoring, seismic signal denoising,
audio and video compression, fast solution of partial
differential equations, etc., but also in condition
monitoring of rotating machines [3].

There are several common families of wavelets:

o  Wavelets for Continuous Wavelet Transform
(Gaussian, Morlet, Mexican Hat, etc.)
Daubechies Maxflat Wavelets
Symlets
Coiflets
Biorthogonal Spline Wavelets
Complex Wavelets


http://en.wikipedia.org/wiki/Seismograph
http://en.wikipedia.org/wiki/Heart_monitor
http://en.wikipedia.org/wiki/Amplitude
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The most typical wavelet types used in condition
monitoring of electrical machines are given in Fig. 2.
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Fig. 2. The most typical wavelet types

The Fourier transform is widely used since several
years in fault diagnosis and condition monitoring, but it
has several drawbacks. It gives excellent results if the
analyzed signal is stationary or periodic, but is not
appropriate for a signal that has transitory characteristics
such as drifts, abrupt changes and frequency trends [4].

The wavelet transform was introduced with the idea
of overcoming the drawbacks of the Fourier transform.
The wavelet transform assures both time-frequency
analysis and time scale analysis with multiresolution
characteristic.

Due to all these advantages it can be very useful in
the fault detection of electrical machines working in
frequently existing variable load applications [5].

The Fourier transform decomposes a signal to
complex exponential functions of different frequencies.
This is defined by the following equation [6]:
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where f'is the frequency, ¢ the time and x is the analyzed
signal.

In short time Fourier transform (STFT) the signal to
be processed is divided into small segments, which can
be assumed to be stationary. For this purpose a window
function is chosen.

The expression of the STFT is the following [6]:

STFT®O(¢, f)= I [x(t)a)*(t—f)]e*ﬂ’ﬁdt )
t

where w(f) is the window function and * marks the
complex conjugate.

Fourier analysis consists of decomposing a signal
into sine waves of different frequencies. In a similar
way, wavelet analysis is the breaking up of a signal to a
shifted and scaled version of the original wavelet, also
known as mother wavelet [7].

The scaling of a wavelet means stretching (or
compressing) it, while the shifting is the delaying (or
hastening) its onset [8].

If the scale of a wavelet is high, results that it
corresponds to a low frequency stretched wavelet. If it is
low, it corresponds to a high frequency compressed
wavelet. The smaller scale factor corresponds to a more
compressed wavelet [9].

In the analysis of the starting current of an induction
machine, two types of wavelet transform, continuous
wavelet transform (CWT) and discrete wavelet
transform (DWT) can be used [10].

The continuous wavelet transform was developed to
overcome the resolution problem of the short time
Fourier transform. The wavelet analysis is very similar
to that of the STFT analysis. In both cases the signal is
multiplied with a function, a wavelet in the case of
wavelet analysis and window function in the STFT, also
the transform is computed separately for different
segments of the time-domain signal.

The CWT is defined by the following equation [6]:

(. ) =¥ (z.5) = ﬁjx(r)z/‘(ti)dr ®3)
s S

where 7 and s are the translation and scale parameters,
w(?) is the transforming function, also called the mother
wavelet.

If the discrete wavelet transform is used, the signal is
analyzed at different frequency bands with different
resolutions in order to decompose the signal into a
coarse approximation and detail information. This is
done by using digital filtering techniques. The signal is
passed through high pass filters to analyze the high
frequencies and through low pass filters to analyze the
low frequencies [6].

The DWT associates low pass and high pass filters
with two sets of functions, called scaling functions and
wavelet functions, as shown in Fig. 3.
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Fig. 3. The filtering of the signal by means of DWT
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The decomposition of the signal to be analyzed into
different frequency bands is obtained by successive high
pass and low pass filtering of the time domain signal
(see a two-levels decomposition in Fig. 4).
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Fig. 4. Two levels decomposition of the signal

The wavelet based detection methods have good
sensitivity in detecting faults. They assure short fault
detection time and can be easily applied also in on-line
and remote condition monitoring of electrical machines.

Wavelets can be wused to examine signals
simultaneously in both time and frequency.

I1l. PARK'S VECTOR APPROACH

One of the difficulties met in the analysis description
of the behavior of most rotating electric machines is that
the inductances are function of the relative position of
the rotor and stator.

In order to simplify the study of the electrical
machines R.H. Park developed a transformation that
made their analysis more straightforward by
transforming the motor equations into a two-phased
orthogonal reference frame [11].

The transformation of the three-phased system to the
two-phased orthogonal one can be performed upon:

fd fu
Jq |= [quo]' b (4)
fo Je
where f'is the function to be transformed (it can be the
current, voltage or magnetic flux). The Park

transformation matrix is:
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6 = wt being the angular displacement.

By using the above transformation the orthogonal
components of the Park's current vector can be
computed from the symmetrical three-phased current

system, having the components: i,, i and i.:
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If the reference is fixed in the stator of the machine
(6 =0) the above equation becomes:
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When the induction machine if healthy its
three-phased stator current system is perfectly
symmetric:

i, =~2Isin(w)
i, = \/Elsin(a)st+2?ﬂj ®)

i = ﬁ]sin[wst +4§J

where 7 is the maximum value of the supply phase
current, w, is the supply frequency and ¢ is the time
variable.

In this case by replacing (8) in (7) the following
equation can be obtained for the two orthogonal
components of Park’s current vector in the case of a
healthy electrical machine:

ig = glsin(wt)
9)

3
i, =—1Icos(wt
$=5 (o)

Upon equation (9) it can be stated that that a healthy
machine shows a perfect circle in Park's vector
representation, as shown in Fig. 5.
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Fig. 5. The plot of Park’s current vector for a
healthy machine during startup

L] 1
40 50



38 Volume 4, Number 2, October 2011

When any type of fault occurs the three-phased
current phase current system becomes unbalanced. This
result in an elliptic representation of the Par k's current
vector (see Fig. 6).
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Fig. 6. The plot of Park’s current vector
for a faulty machine in steady-state regime

The Park's vector based approach is widely used in
the diagnosis of most common faults of the squirrel cage
induction machines.

From the parameters of the ellipse the fault's gravity
can be established. If the severity of the fault increases,
the elliptical form of the representation will be more
highlighted [13].

If this method is used alone it encounters difficulties
in isolating different faults of the squirrel cage induction
machine, because different faults may cause a similar
deviation in the Park’s vector. Unfortunately it cannot
distinguish the effects of the non-symmetries of the
feeding voltage or of the machine itself not connected to
the faults.

IV. CONCLUSIONS

The presented methods are non-invasive fault
detection techniques. Compared with Fourier transform
based methods the two methods in discussion can detect
faults even in electrical machines with a light or variable
load.

Both detailed methods allow continuous real-time
tracking of various types of faults in squirrel cage
induction motors operating under continuous stationary
and non-stationary conditions. These recognize the fault
signatures produced by the electrical machine and can
estimate the severity of the faults under different load
conditions.
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