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Abstract

In spite of the fact that, induction machine is strongly robust. It remains the seat of different faults.
Those faults occur in all parts of the machine. The progression and the evolution of severity of these faults
can cause the complete shutdown of production system in which the machine is introduced. An early
detection is, then, necessary as well as the determination of fault severity degree. That, to prevent the
complete shutdown of the machine. A novel approach for monitoring the fault severity progression, in IMs,
is developed. This approach is used to define, with high accuracy, the maintenance conditions by the use of
currents measurement obtained from an elaborated experimental test bench. This, through quadratic
representations based on motor current signature analysis (MCSA) technique. The developed approach
insure a simplicity of interpretation in time-frequency representation i.e., astatic indicator is affected to each
degree of severity. After that, severity thresholds are defined for maintenance purposes.

1 Introduction

Robustness, reliability and the easiness of construction of induction machine (IM) are the secrets of its
ubiquitousness in all industries. Its applications grow out more and more complexity. Wound rotor induction
machines are widely used in application with variable-speed-constant-frequency wind generator systems[1].
It occurs production downtime due to faults in one of the parts of the induction machine[2]. Those faults
arise with a minor severity and progress gradually to an intolerable level, which causes machine downtime.
The early detection allows avoiding the machine out service. Moreover, making it possible to plan the
production line for preventive and corrective maintenances operations.

Condition monitoring (CM) of electrical machines is developed based on the considerable advancement
of processor-based signal acquisition and analysis. The necessity of early diagnosis of developing fault is
required to plan maintenance operations. So, Much interests are made in fault diagnosis and the early
detection.

Several research papers are focusing about the study of various types of faults in induction machine[3]-
[5]. This by the use of several techniques. There are methods based on nonelectrical parameters, as example
vibration signal where information about the health condition of the machine is given by vibration signal
analysis. Air gap flux for eccentricity detection, There are also acoustic technique. In addition, of those
techniques, motor current signature analysis (MCSA) is a paramount tool in faults diagnosis in induction
machine due to its easiness for implementation and its effectiveness in the detection of faults. Several
research works [6]-[8]was done to process stator current for the purpose of faults detection and they
demonstrate their robustness and their effectiveness
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Approaches based-on MCSA were used to spot different kind of faults in induction machine namely
broken rotor bar fault, bearing fault, unbalanced rotor fault and stator winding fault etc[2].

Fast Fourier Transform (FFT) is the core of several signal-processing techniques used in motor current
and vibration analysis[6]-[8]. Nevertheless, it has some limitations in term of analyzing the transient signal.
FFT limitations are relatively resolved by the introduction of advanced techniques[9]-[13]. They process the
signal with its instantaneous frequency. They regroup time representation and frequency representation in the
same representation. The choice of signal processing techniques depends on the nature of the signals being
considered. Thus, so-called classical techniques are used for signal of a stationary nature. For non-stationary
signals, advanced techniques are required. As an example, mention may be made of the time-frequency
processing methods

Determination of severity degree is one of most important task for machine's surveillance. It has been
initiated by the use of FFT-based approaches. Color index-based method is presented in [14], it proposes a
function to extract index of amplitude-related color in TFR. Progression of rotor-winding fault is simulated
by additional resistor to introduce an asymmetry in rotor winding.

This work is organized as follows. Section 2 presents the mathematical concept of TFR and their
interests. The test bench system when the machine is mounted is described in section 4. Fault severity
progression is evaluated by means of several varying condition tests of rotor-winding fault; experimental
results are presented and commented in Section 5.

2 Time-frequency representations

Time frequency representation (TFR) are introduced to deal with transient signals. Those types of
signals are considered as non-stationary. As example, the voice recording is the best cited. Such signal is rich
in frequencies, Contains a number of closely related transitions and must be meticulously processed to
extract useful information. Depending on its non-stationary nature, TFR are highly required to deal with
voice recording. rotor-related faults introduce non-stationary signature in the form of amplitude modulations
in the stator current. Namely broken rotor bar and broken ring in squirrel rotor, unbalanced rotor mass that
causes eccentricity and winding faults in wound rotor. The must known RTF is the Short Time Fourier
Transform (STFT). It uses constant-sized window to analyze all frequencies, and for that, it is considered as
linear TFR. Spectrogram is the quadratic representation of STFT.

A mathematical reminder is necessaire to understand their concept. This work is based on STFT and its
guadratic representation the spectrogram. The STFT is interpreted mathematically by Fourier Analysis of
successive portions weighted with a time window (Hamming, Hanning ...)[15].

G(t, f)=[x(Dh ; *(r)dr @
G(t, f) = [x(@)h" (z-t)e**"dr (2)

Equation 2 shows that it is a scalar product between the processed signal and a basic functions defined by:
h (z)=h(z —t)e 24 3

Practically the spectrogram is widely used. It is computed as the quadratic representation of the STFT. From
Equ.2, it is given by the following equation

s f)=|f X()h* (r—t)e 37 d |

For the spectrogram and the STFT, the non-stationary signal is considered as a succession of quasi-
stationary segments across the short-time window chosen.

(4)

e The time resolution is fixed by the width of the window;

o The frequency resolution is determined by the width of its Fourier transform;
Discrete expressions of the STFT and the spectrogram are given by the following equations (5) and (6):

STFT(k, f) = fh(n)x(k +n)e 2 ©)

n=0
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3 Thecolorsindex in TFR

The proposed method is based on the study of colors index to determine the fault severity and its
characteristics frequencies. The time-frequency representations affect a level of color to each amplitude
depending to its frequency. This is done according to the color map chosen. There is a color degree for
higher amplitude and another for the lower one. In our case, the yellow color indicates frequencies with
higher level and dark blue colors indicates frequencies with very low amplitude. To evaluate the fault
severity, it is necessary to transform colors into numbers. For this aim, [14], proposed a method to extract the
colors indexes.

Follow is the proposed function to extract colors index
Index(f) =SHADE(color ((1+ 2ks) f,) (7)

4 Experimental test bench

A test bench is installed to simulate the rotor-related electrical faults. Wound rotor induction machine
(WRIM) is used, it drives a DC machine, which operates as a generator and delivers its current in a resistive
load. The signal to be analyzed is acquired, to known current, with a sampling frequency of 25 kHz. The
objective of using such a frequency is to avoid the loss of useful information. Acquisition is made for 10
seconds under permanent operating regime. The effectiveness of faults severity study is based on the
knowledge of rotor windings resistance value. Voltammeter method is used to determine those values.
Obtained values are given as follow:

R1=1.265Q; R;»=1.1350 Q; R3=1.635Q;
Typical insulation damage leading to inter-turn short circuit of the stator and rotor windings in WRIM. There
are several types of faults in windings in both stator and rotor; (i) Inter-turn short circuits between turns of
the same phase. (ii) Winding short-circuited. (iii)Short circuits between winding and stator/rotor core at the
end of slot. (iv) Short circuits between winding and stator/and rotor core in the middle of slot. (v) Short
circuit at the leads. (vi) Short circuit between phases.
Those faults changes the resistance value of the affected phase. For that, an additional resistance is inserted
with one of the rotor phases to simulate rotor-winding faults. The test bench worked in no load condition and
powered directly from electrical network of laboratory

5 Experimental results
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Figure 1 spectrogram of stator current for healthy machine
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6 Conclusions & discussions

Progression of rotor winding fault severity in WRIM is simulated and represented in this article. STFT and
its quadratic representation, spectrogram, are used to process stator current recorded from an experimental
test bench. Obtained results are represented with several level of fault. Full analysis to determine a limen, a
threshold, will be published in related next work.
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