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The purpose of this study is diagnosis the fault of induction machine, through detection of
broken bars by stator current analysis. Therefor we present a multi-winding model for the
simulation of faults as part of the fault detection study, and test the behavior of the machine in
the healthy and faulty state. In this paper it is focus the signal processing technique for
detecting defects. This technique is based on continuous wavelet transform (CWT) to detect
and locate defects, by using the multi-level decomposition for the detection of defects and the
location of the broken bars at the rotor. The findings of this research results show the
importance of this technique for the analysis of fault signatures in healthy and defective cases.

1. INTRODUCTION

The increasing use of induction machines in electric drive
systems plays a major role in the industrial field such as,
Safety, reliability, efficiency and performance, the importance
of failure detection is often required in order to improve
performance and reduce maintenance costs to avoid a sudden
stop of the machine. On the other hand, the diagnostic role is
the identification and location of defects [1-2]. In this context,
the proposed approach is examined on three different cases of
study [3]: a motor with broken rotor bars, an unbalanced motor
shaft, based on the startup vibration transient analysis. by uses
signal processing based on technique continuous wavelet
CWT. Whilst others [4-5] to introduce technique (MCSA)
motor current signature analysis which utilizes the results of
spectral analysis of the stator current for fault detection and the
localization of abnormal electrical and mechanical conditions
that indicate, a failure of induction motors. Among the
diagnoses of cage rotor faults in three-phase asynchronous
machines, the parks current vector monitoring technique by
[6], for detect the occurrence of cage rotor fractures. The
detection of this type of defects can be easily obtained by
observing at the vector representation of the current of the
motor Park. The detection fault in induction motor is most
explored because when this fault the motor keeps working
with occurs appear noise and vibration. Therefore Most of the
proposed techniques single processing is based on analysis of
the stator currents, by using fast Fourier transform (FFT) and
wavelet.

Among the works for broken bar detection is the work of
[7-8] presents role Wavelet Transform (WT) for analysis the
startup transient the current signals of squirrel cage induction
motor with broken rotor bars [9]. Who proposes failure
predictions in three phase line-operated induction machines
through spectral analysis of electric and electromagnetic
signals, through frequency signature of some asymmetrical
motor faults [10]. Present an algorithm for the online detection
of rotor bar breakage in induction motors through the use of
wavelet packet decomposition (WPD) and neural networks
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used by motor stator current, for extracted features with
different frequency resolutions. [11] focuses on the study of an
approximation  signal resulting from the wavelet
decomposition of the start-up stator current using neuro fuzzy
logic for find the rotor bar failures.

This work is divided into three main sections, firstly we
described several types fault found in machine and presented
Multi-winding model for simulate and study behavior of
asynchronous machines in case healthy and faults with broken
bars. Secondly, it focuses on role technique single processing
based on continuous wavelet which is very well adapted to
study the characteristics of the fault signals. Finally we will
finish by presenting the results of the fault signatures
simulation and application of continuous wavelet technique
(CWT) in order to detect and identify the type of defects.

2. DETECTION OF SEVERAL FAULTS
INDUCTION MACHINE

IN

2.1 Broken bars

The rotor defect now accounts for about 5 % to 10 % of total
rotor failure. This defect induces changes in the stator currents
and therefore causes the appearance of characteristic
harmonics in the spectrum of this signal. Indeed, during the
failure of a bar break, flux harmonics are produced and induce
current harmonics in the stator winding at frequencies around
the fundamental frequency fs for detection broken bar using
components spectral the current stator these components
spectral given by relation [12]:

forb = fs (L £ 2ks) f @)
g: Slip.
fs: Stator power frequency.
k=123......

Figure 1 shows the four adjacent bar breaks used for the
simulation study.



Broken four
bar adjacent

Figure 1. Picture show the two bar broken adjacent

2.2 Bearing faults

Detecting bearing he have the rate 40-50 % of induction
motors faults This type of defect will produce one of the four
characteristic fault frequencies in the machine vibration
depending on which bearing surface contains the fault. Most
electrical machines use either ball or rolling-element bearing
[13-14]. This frequency is illustrated in Figure 2.

Figure 2. Dimensions and frequencies related to the
characteristics bearing faults

2.3 Air gap eccentricity

Air gap between stator and rotor results in eccentricity of
induction motor, air gap eccentricity can be divides tow type:
the static and dynamic of air-gap eccentricity. where static
eccentricity when the position of minimum radial length of the
air-gap is fixed in the space, in this case the rotor axis
coincides with the shaft axis, but does not coincide with the
stator axis. Further for dynamic eccentricity when the position
of minimum radial length of the air-gap rotates with the rotor,
in this case the shaft axis does not coincide with the rotor axis
(the rotor does not rotate about its axis) [15-16]. This air gap
eccentricity static and dynamic is illustrated in Figure 3:

a) satitc

b) dynamic

Figure 3. Air gap eccentricity illustrate tow type static and
dynamic

3. CONTINUOUS WAVELET TRANSFORM

The wavelets are constructed from a "mother wavelet" y €
L? (R) using a translation and expansion parameters
continuously vary this time translation operator and a change
of scale operator the transform used the functions [17-18]:

Yiary 00 =% v (59) @

With:a,beR

a: Scale factor

b: Translate or space.

x: He distance is used to expand (compress or extend) the
function .

The wavelet continuous CWT is the technique used in this
article for detection the faults.

4. MULTI-WINDING MODELE MATHEMATIQUE OF
THE ASYNCHRONOUS MACHINE

The application of extended Park transformation of rotor
system so as to transform the system in Nr phases in a system
(d,q). The mathematical model of squirrel cage induction
motor can be written as:

di
(L], = [V]-[R]l] 3)
For Defect model of the rotor to simulate of rotor broken
bars, a fault resistance Rrr is added to the corresponding

element of the rotor resistance matrix Rg [19-20]:

[Rrelngsng = [RrIng xng = [RE]ng xng (4)
0o - 0 0 0
0 0 0 0 O
[Rrr] = [Rg] + [0 0 Ry —Rpe O
0 0 _Rbk Rbk 0
0 0

0 0 0

The new matrix of rotor resistances, after transformations,
becomes:

R dd R d
[RRF] = [RT RT I

rqd rqq

where the four terms of this matrix are:

Ryga = 2R, (1 — cos(a)) + 2% + Ni(l -

cos(a)) Xk Rprs(1 — cos(2k — 1)a) (5)
Rraq = = (1= c05(a)) Tk Rosysin(2k = a)  (6)
Ryqqa = —Nir(l —cos(a)) Xk Rpkrsin(2k — 1)a) (7)

= 2R, (1 — cos(a)) + z%r + Nir(1 -
8)

Rraq
cos(a)) Yk Rpke(1 + cos(k— 1) a)
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Finally. equation model the fault of induction motor can be

written as: [L] 3 = [V] = [R][I]
[ Lsc 0 —N;Mg,./2 0 01 las
I 0 Lsc 0 NrMsr/2 0 | d Iqs
| —3M,, /2 0 Lyc 0 0 Id— Tyr
[ 0 3My/2 0 Ly OJ e |
0 0 0 o Ll |y,
_Vds]
Vgs
=10
)
Lo
[ Rs —Lscor 0 N, Mg 0,/2 0] las
Lscor Rs N Mg 0/2 0 0 ]qS
-1 o 0 R, 0 0 1{14r
0 0 0 R, 0 1f1g|
0 0 0 0 ReJ| 1. |
where
[R]
[ Ry, —Lsw, 0 N, M, w, /2 0]
Lew, Ry  NMgw,/2 0 0
=l o 0 R, 0 0|
[ 0 0 0 R, 0 J
0 0 0 0 R,
And
[ Lsc 0 _NrMsr/Z 0 0 ]
| 0 Ly 0 NrMsr/Z 0 |
[L] =1-3M,,/2 0 Lyc 0 0]
[ 0 _3Msr/2 0 ch 0 J
0 0 0 0 L,
Lyc = Lyp — My, + ZNE +2L,(1—cos(a))  (9)
And:
R, = 2+ 2Rb(1 - cos(a)) (10)
The mechanical equations must also consider:
da 1
0 =7C-G) (11)
With:
_df
T
The electromagnetic torque with the expression:
3
Ce = 5 D N;. Msr(lds- Igr — Igs- Idr) 12)

For observe and simulate the multi-winding mode four
study the influence of broken bar faults and analyze type of the
components which occurs when appear defect in asynchronous
machine. Figure 4, 5 and 6, show the evolution of the
electromagnetic torque and the speed of rotation and the stator
current, at time 0.5 s apply torque of resistor 3.5 (N.m) in case
of healthy, the curve speed rises rapidly then reaches a peak
and then forms a plateau without wavy, the curve
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electromagnetic there was a sudden increaseat t=0.5 s, then
after that Stabilizes, the curve stator current Stabilizes without
wavy. In case of fault machine, the increase of the rotor bar
resistance creates the proportional defects with number of
broken bars. We also notice the four successive broken bars,
the first at time t=1s, the second at time t=2s, and then a third
at time t=3s, and fourth time t=4s. In the following Figures we
notice the Figure 7 of rotational speed decreases and increase
the undulations after the breaking four bar adjacent. Figure 8
of electromagnetic torque increase in the undulations, the
Figure 9 are illustrated modulation of the envelope of the stator
current after broken bar is proportional the number of break
baradjacent.
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Figure 4. Speed for the healthy machine
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Figure 6. Stator current for the healthy machine
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Figure 7. Rotation speed with 4 broken bars
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Figure 8. Torque with 4 broken bars
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Figure 9. Stator current with 4 broken bars

The figures illustrate the application of the continuous
wavelet transform of the stator current of a phase (a) using the
continuous wavelet transform (CWT), for the scales between
0 and 64 respectively and Meyer wavelet family in the case:
healthy and defect (breakage of other adjacent bars at time
t=1s, t=2s, t=3s, t=4s show, transformed into continuous
wavelet (CWT) shows that wavelet analysis is a measure of
similarity between basic functions (wavelets) and the signal
itself, the similarity is in the sense of the same frequency
content The calculated coefficients of (CWT) refer to the
proximity of the signal to the wavelet at the current scale. a, b)
in the case of a healthy state, no change in the current signal is
stable, but in the case of defects (breaking one bar and two bar,
three bar, four adjacent bar, a change in the coefficient can be
observed in the figures (10-11-12-13-14), where the wave
coefficients the motor fault are stronger than the wavelet
coefficients of the healthy motor. These differences indicate
that the wavelet transformation is able to detect changes in the
signal components between the failed motor and the healthy
motor during the start-up period. for High scales corresponds
to low frequencies. and the low scales correspond to the high
frequencies. As a result, the small peak of the graph
corresponds to high frequency components and the broad peak
corresponding to low frequency components of the signal
(which appear in time before the high frequency components).
The table shows the peak of the scales using analysis of the
stator current by continuous wavelet (CWT).

Table 1. Shows the peak of the scales by (CWT)

Type Broken Broken Broken Broken
faults one bar tow bar three bar four bar
Peak of 234 24.2 27.1 31.3
the scales
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Figure 10. Stator current using Wavelet (CWT) in healthy
case
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Figure 11. Stator current using Wavelet (CWT) in case
broken one bar
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Figure 12. Stator current using Wavelet (CWT) in case
broken two bar
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Figure 13. Stator current using Wavelet (CWT) in case
broken three bar
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Figure 14. Stator current using Wavelet (CWT) in case
broken four bar

5. CONCLUSIONS

The main objective of our work is to detect and diagnose
defect in the asynchronous machine through the use of a multi-
winding model for simulate the break of bars and determine
the behaviour of the machine in the state of healthy and
defective. The increasing the breaking bars inevitably lead to
deterioration of the performance and effectiveness of the
machine. The advantage of the use of the signal processing
allows the extraction of the information to identify and locate
the defects. Also, to guarantee an operating without stop of the
machine based on the use of the technique wavelet continuous
transformation. the obtained simulation results show the role
of this technique for detection broken bars. Further to this, to
improve the fault detection, it can be used by the wavelet kind
quality, to get elevated raise from detection and diagnostics
effectiveness. This method is certain technology for condition
monitoring and fault analysis of motors, and detects these
problems at an early period and thus avoid damage and
complete failure. The shortened time is guaranteed to identify
malfunctions and ensure maintenance of the machine without
damaging any part of the machine.
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Table 2. Appendix

Symbol Definition Value
Pn Output power 1.1 kW
Vs Stator voltage per phase 220 \Y
Fs Stator frequency 50 Hz
p Poles pair number 1
Rs Stator resistance 7.58 Q
Rr Rotor resistance 6.3 Q
Rb Rotor bar resistance 0.15 mQ
Re Resistance of end ring 0.15 mQ
segment
Lb Rotor bar inductance 0.1 WH
Le Inductance of end ring 0.1 uH
Lsf Leakage inductance of 0.0265 H
stator
Nr Number of rotor bars 16
Ns Number of turns per stator 160
phase
J Inertia moment 0.0054 kg m?
e Air-gap mean diameter 2 mm






