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The main objective of this paper is to diagnose the presence of combined faults in
induction machines. For this purpose, a methodology based on the application of the
Discrete Wavelet Transform (DWT) to the stator startup current is used. This approach
was applied in previous works with success to the diagnosis of rotor asymmetries and
mixed eccentricities in motors with different sizes and conditions. However, as most of
the diagnosis methods hitherto developed, the application of the proposed approach
was circumscribed to situations in which a single fault was present in the machine. In
addition, the inﬂuence of other phenomena such as load torque oscillations or voltage
ﬂuctuations was studied, but without considering the combination of these phenomena
and the fault in the machine. This work is intended, ﬁrst, to apply the proposed
transient-based methodology to several cases in which different faults (rotor
asymmetries, mixed eccentricities and inter-turn and inter-coil stator short-circuits)
are simultaneously present in the machine and, second, to apply it to cases regarding
faults combined with other phenomena making difﬁcult the diagnosis, such as load
torque oscillations. Interesting considerations regarding the preponderance of the
effects of some of the faults are also done in the paper. The application of the
methodology is focused on induction machines with stator parallel branches; in this
sense, the suitability of the use either of the phase current or of the branch current for
the diagnosis of each particular fault is analysed. The results look promising with regard
to the validity of the methodology for the reliable discrimination of simultaneous
electromechanical faults and the diagnosis of faults combined with other phenomena.
& 2009 Elsevier Ltd. All rights reserved.
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1. Introduction
Predictive maintenance of electrical machinery, and more concretely of induction machines, is a ﬁeld drawing
increasing attention in the industrial and academic environment. The huge costs caused by unexpected faults in these
machines, often involved in critical industrial processes, constitute a clear motive justifying this concern.
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Most of the works hitherto developed in the ﬁeld of fault diagnosis of induction machines, have been focused on the
detection of single faults. Rotor asymmetries [1–3], eccentricities (static, dynamic or mixed) [4], inter-turn short-circuits
[5] or bearing failures [6] have been the motivation of many papers in the literature [1]. However, most of the studies have
been carried out considering that only one fault is present in the machine. The simultaneous presence of two or more faults
has been rarely considered [7,8], despite the fact that this situation can be quite usual in the industrial environment. For
instance, the appearance of broken rotor bars in induction machines operating under a certain level of eccentricity is not
rare to be found. Most of the previous diagnosis approaches are based on the application of the FFT to the stator current or
to other alternative quantities [7,8].
Nevertheless, the FFT diagnosis technique, deeply spread in the industry, consisting of the detection of some
characteristic frequencies in the FFT spectrum of the steady-state current is not always able to discriminate the frequencies
caused by these different faults, since they are sometimes quite similar. This might imply wrong decisions regarding the
maintenance strategy to be adopted, since frequencies introduced by more critical faults can be masked by others caused
by less important faults or faults enabling a longer actuation time.
Moreover, the presence of other phenomena such as load torque oscillations, voltage ﬂuctuations, noises, etc., which
could make notably difﬁcult the diagnosis, has been also studied [9,10]. Nevertheless, the simultaneous presence of these
phenomena and the fault in the machine has been seldom investigated, despite this situation is frequent. Indeed, it is not
unusual to ﬁnd induction motors with a certain level of eccentricity or even with broken bars driving mills, compressors, or
other mechanisms introducing torque oscillations. This situation, for instance, often takes place in motors operating in
power generation plants.
In these cases, the application of the classical FFT method implies important constraints; frequencies caused by load
torque ﬂuctuations or voltage oscillations can be similar to some fault-related frequencies [9,10], a fact leading to a
confusion or even to a wrong diagnosis of the fault. Fig. 1 shows the similarities between the FFT spectra corresponding to a
1.1 kW motor with 2 broken bars (Fig. 1(a)) and to the same motor in healthy condition but subjected to an oscillating load
torque (Fig. 1(b)). The clear resemblance between both spectra might lead to an incorrect diagnosis of a faulty condition in a
healthy machine or vice versa.
Due to all these drawbacks, alternative diagnosis approaches based on techniques such as parameter estimation [30]
and transient analysis have been proposed. Some of them have shown validity even for the diagnosis of mixed faults. The
analysis of the current demanded by the machine during the startup transient in order to detect the characteristic
evolution of fault-related components has been also proposed during previous years [9,11–15]. This has been proven to be a
reliable way for the diagnosis of some of the aforementioned electromechanical faults (rotor asymmetries, mixed
eccentricities), even in cases in which the classical Fourier approach does not lead to correct results [9,11]. In this context,
the use of modern time–frequency decomposition tools such as the Discrete Wavelet Transform (DWT) becomes
appropriate, if we consider the excellent properties of this tool for the analysis of signals with a time varying spectrum.
However, as stated above, the application of the methodology has been restricted to cases in which a single fault is present
in the machine [9,11–14].
This paper proposes the application of the DWT to the diagnosis of mixed faults in electrical induction machines with
parallel branches in the stator, which are the most common machines in many industrial applications, due to their inherent
properties [16]. Several cases corresponding to simultaneous presence of broken rotor bars, mixed eccentricities as well as
inter-turn/inter-coil short-circuits are considered. Important conclusions regarding the comparative importance of the
effects of different faults are also obtained. In addition, due to the option of analysing both the branch and the phase
current in this type of machines, a double alternative arises. In this context, the study of the better suitability of the use of
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Fig. 1. FFT of the steady-state current for: (a) 1.1 kW motor with two broken bars and (b) 1.1 kW healthy motor with ﬂuctuating load torque.

