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Abstract - This paper presents the most novel research
concerning the application of modern technologies for
condition monitoring of electric motors based on the
advanced analysis of the stray flux. The analysis of the
magnetic field in the vicinity of the motor has proven to
provide very useful information for the diagnosis of
several failures. This technique has drawn recent
attention due to the advance in the technology of the
necessary sensors, simplicity, non-invasive nature and
low cost. The paper presents the different variants within
this technology, including the classical method based on
the stationary analysis of the flux as well as recent
techniques relying on the advanced analysis of transient
flux signals. The paper includes experimental results in
motors with different failures and proves the potential of
this technology for becoming a reliable source of
information for the determination of the motor health.

Index Terms — Induction motor, Fault diagnosis, Stray
flux, Transient analysis, Reliability, Rotor, Eccentricity.

. INTRODUCTION

Electric motor reliability is a matter of increasing
concern in the industry due to the vast participation of
these machines in processes and applications which are
often critical in the plants where they take part [1].
Therefore, proper maintenance strategies must be
adopted to maintain these machines in suitable conditions
in order to prevent unexpected outages and subsequent
production downtimes. According to some surveys [2],
maintenance costs may account for 15-40% of total cost
of production for petrochemical industries. This gives an
idea of the relevance of this area in petrochemical
facilities, where electric motors play an especially
prominent role due to the critical nature as well as to the
safety requirements of the processes taking place at
these sites.

Different types of failures may occur in an electric
motor. Rotor faults, eccentricities, bearing damages,
degradation of the stator insulation or core faults are
some of the failures that may take place in induction
motors [1], the most widespread type of electric motor in
industry. The consequences of the occurrence of these
faults are very negative leading even to catastrophic
effects on the machine itself that may have severe
repercussions for the process where they operate. Fig. 1
shows some examples of catastrophic faults that led to
forced motor outages [3]. Most of them are referred to
H.V. motors.
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Fig. 1 Catastrophic faults in induction motors [3]

Over recent decades, many researchers both in
academia and in industry have worked in the
development of reliable techniques able to diagnose the
previous faults when they are still in their early stages of
development, so that proper maintenance actions can be
adopted before the machine collapses. These techniques
rely on monitoring specific motor quantities and on their
subsequent analysis to detect possible evidences of the
presence of the failure. In this regard, electrical monitoring
(currents, voltages), mechanical monitoring (vibrations),
thermal monitoring (internal temperature, infrared data),
partial discharge monitoring or even acoustic (noise,
ultrasounds) and chemical monitoring have been
proposed as a basis of the developed techniques [3]. In
spite of this dynamic activity, one of the most important
conclusions derived from this vast work is that none
single technique or quantity has proven to be enough
reliable to diagnose, alone, the condition of the whole
motor. In other words, each specific quantity is valid for
diagnosing certain faults but not for others. And, even for
the faults that it can better diagnose, there may be cases
in which false alarms or erroneous diagnostics can be
derived from the use of a specific quantity [4]-[6].
Therefore, the best solution seems to be to combine the
information coming from different diagnosis methods, so
that a more reliable conclusion on the motor condition can
be obtained. At the same time, investigation of new
techniques that enable to overcome the diagnosis
provided by the already existing ones is another way to
reach a more reliable diagnostic of the motor health.



In this context, the analysis of the external magnetic
field and, more specifically, of the stray flux at the vicinity
of the electric motor is drawing the attention of many
researchers and companies worldwide, due to the
interesting advantages that this diagnosis technique
provides [7]-[9]: on the one hand, it is a non-invasive
approach, since the registration of the necessary data can
be carried out without perturbing the normal operation of
the motor. Moreover, the necessary equipment for the
registration of this quantity is simple, it has low cost and it
has had a spectacular development over recent years
with regards to the features of the necessary flux sensors
[8]. Furthermore, previous works have proven the
potential of the stray-flux-based technique for obtaining
relevant information for the diagnosis of certain faults
such as stator short-circuits [10]-[11], rotor problems [12]-
[13], eccentricities [14]-[15] of even coupling system
problems [16]. Some well-known manufacturers have
started building coil sensors for fault diagnosis which rely
on this technique.

Note that, due to the recent dynamic research activity,
the former approaches for stray-flux data analysis that
were based on the Fourier analysis of stationary signals
[10]-[15] are being complemented by more modern and
robust technologies that rely on the advanced analysis of
the stray-flux data under transient operation of the
machine (e.g. the motor startup). Recent works have
proven the potential of transient analysis of the stray flux
which has provided excellent results for enhancing the
diagnosis of some of the aforementioned failures in
several types of electric motors, such as cage induction
motors or wound rotor induction motors [17]-[19], avoiding
some drawbacks of the conventional methods. The
application of transient analysis requires the use of more
advanced and sophisticated signal processing tools that
are suitable for the analysis of non-stationary quantities
(time-frequency transforms).

This paper reviews the different fault diagnosis
approaches relying on stray flux analysis, including both
the classical methods based on steady-state analysis as
well as the recently introduced technologies that rely on
the analysis of stray flux data under transient regimes.
The paper includes several experimental cases that
demonstrate the suitability of both approaches for the
detection of certain faults in induction motors.

II. STRAY FLUXDATA ANALYSIS FOR FAULT
DETECTION

In its more widespread modality, the diagnosis
technique based on stray flux data analysis relies on
installing a coil sensor on the external part of the motor
frame [7], [12]. The dispersion flux created by the motor
during its operation (stray flux) induces an electromotive
force (emf) in the sensor; the waveform of this emf can be
easily registered with the aid of an oscilloscope or
waveform recorder. The proper analysis of that emf signal
enables to detect evidences of the presence of faults in
the motor. To this end, suitable signal processing tools
must be applied, depending on the operation regime
under which the emf has been captured (steady-state or
transient).

One of the most important characteristics of this
diagnosis technique is that its results are strongly
influenced by the sensor position. This is due to the fact
that, depending on the position of the sensor, a higher
portion of axial or radial flux will be captured and, hence,
the corresponding fault components (axial or radial) will

be better observable when the emf signal is analyzed.
Fig. 2 depicts three typical locations of the flux sensor on
the motor frame [7],[20]: at position A, a higher portion of
axial flux is captured and, therefore, fault components
with axial nature will be better noticeable in the results of
the analyses. On the contrary, at position C, the captured
stray flux is primarily radial and, consequently, the radial
components will be better observed. Finally, at position B,
a mixture of axial and radial flux is captured by the sensor
and all components can be observed in a certain level.

Radial field Axial field

Fig. 2 Nature of the flux captured at each coil sensor
position [20].

A. Classical method (steady-state)

In the early 2000’s several authors proposed the
analysis of the stray flux data under stationary conditions
as a way to detect several faults in induction motors [11],
[13], [21]. The idea of these methods was to analyze the
data representative of the stray flux (e.g. the emf induced
in an external sensor) at steady-state by applying the Fast
Fourier Transform (FFT). It is well-known that this
transform extracts the frequency components present in
the analyzed signal as well as their corresponding
amplitudes (in other words, the FFT is an amplitude vs.
frequency representation of the analyzed signal). The
idea of this conventional approach is that, when a certain
fault is present in the motor, specific frequency
components will be amplified in the FFT spectrum.
Therefore, the evaluation of the amplitudes of these
components enables to diagnose the presence of the
failure in the machine.

More specifically, several authors proved that, in the
case of rotor damages, the components given in Table |
are amplified in the FFT spectrum of the emf [7], [21]
(f=supply frequency and s=slip). Note that, according to
that table, some of the rotor fault components have an
axial nature, while others have a radial nature. Hence,
depending on the location of the flux sensor that is
employed, one or the other will be better observed in the
resulting FFT spectrum of the registered emf signal.

TABLE |
FREQUENCY COMPONENTS AMPLIFIED BY ROTOR
DAMAGES IN THE FFT SPECTRUM OF STRAY FLUX

Component Nature Comments

f-(liZ-S) Radial

s-f Axial May be also amplified by
eccentricities/misalignments
3.s.f Axial May be also amplified by

eccentricities/misalignments




On the other hand, other authors stated that, in the
event that eccentricities are present in the motor, the
components given in Table Il are amplified in the FFT
spectrum of stray flux data [14]. In the expression written
in that table, p stands for number of pole pairs and
m=1,2,3...Hence giving values to m, different pairs of
frequency components are obtained, the most relevant
being those for m=1.

TABLE Il
FREQUENCY COMPONENTS AMPLIFIED BY
ECCENTRICITIES IN THE FFT SPECTRUM OF STRAY FLUX

Component Nature Comments

Radial/axial May be also amplified

by rotor faults

f-(1+m-(1-s)/p)

Other authors provided similar expressions for the
components amplified by other faults and anomalies such
as bearing faults, gear problems or even stator short-
circuits [10]-[15].

B. New approaches (transient)

Recently, an alternative diagnosis approach relying on
the analysis of stray-flux data has been introduced [17]-
[18]. Unlike the previous FFT-based method, the new
approach relies on the analysis of stray-flux data that are
registered under transient operation of the motor. More
specifically, the recent works that propose this new
methodology have been focused on the analysis of the
emf signals captured during the startup transient (i.e. the
connection of the motor). It has been demonstrated that
under a direct-on-line startup of an induction motor, due
to the characteristic variation of the slip s (from s=1, when
the motor is connected, to s~0 at steady-state), the fault-
related frequencies described in Section Il.A (which are
slip-dependent) will also change. Therefore, they will
follow characteristic  variations over time. The
identification of these evolutions is a reliable evidence of
the presence of the corresponding failure. As an example,
Fig. 3 shows the characteristic time evolutions during a
direct-on-line startup of the fault frequencies related to
rotor damages and eccentricities (described in the
previous section) [20]. If these evolutions are detected,
the corresponding faults can be properly diagnosed in the
motor.
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Fig. 3. Expected t-f evolutions of the emf fault harmonics
during a direct-on-line startup of the motor.

The detection of the evolutions of the aforementioned
components under a startup requires the application of
sophisticated signal processing tools that are capable to
represent not only the frequency components present in
the analyzed signal but also how they change over time.
These tools are known as time-frequency transforms
since they provide, as a result, a time-frequency map that
depicts the time evolutions of all frequency components
present in the signal. There are several time-frequency
transforms that have been optimized and applied in the
area of transient analysis (wavelet transforms, Hilbert-
Huang-transform, Wigner-Ville Distributions...) [17]. In
this paper, the Short Time Fourier Transform (STFT) will
be applied since it gives a good tradeoff between
computational burden and user availability, despite it
requires the previous optimization of the parameters
needed for its application. The STFT performs a time-
frequency decomposition of the analyzed signal by
multiplying this signal by a window function that is moved
over time and by computing the FFT at each location of
that function. The window function length must be
selected by the user depending of the considered
problem. In this particular work, a suitable window length
has been selected so that the frequency harmonic’s
evolutions of interest can be properly tracked.

Ill. EXPERIMENTS

In order to illustrate the operation of the two
approaches based on stray-flux analysis described
above, different emf signals obtained from experimental
tests will be analyzed. The tests were carried out on two
different types of induction motors in order to show the
validity of the method for a variety of constructive
characteristics. More specifically, a cage induction motor
(motor 1) and a wound rotor induction motor (motor 2)
were tested. The characteristics of these machines are
shown in Table Ill. The test benches used for testing both
motors are depicted in Fig. 4(a) and (b). Three different
positions of the coil sensor were considered
(corresponding to those depicted in Fig.2). Moreover,
different types of faults were forced in each of the
machines: in motor 1, different levels of rotor damage
were forced by drilling holes in the corresponding bars
and, also, a certain level of eccentricity was created. In
motor 2, different levels of rotor asymmetry were forced
by inserting external rheostats in series with the rotor
winding, simulating a high-resistance connection of the
rotor circuit (this would correspond, for instance, to an
uneven contact between brushes and slip rings or a high
resistance connection between rotor coils).

TABLE 1lI
CHARACTERISTICS OF TESTED MOTORS
Motor 1 Motor 2
Type Cage IM Wound rotor IM
Rated power 1.1 kKW 11 kW
Rated frequency 50 Hz 50 Hz
Rated voltage 400 V 400 V
Rated current 27A 23A
Rated speed 1410 rpm 1425rpm
Connection Star Star
Number of poles 4 4
Rotor slots 28 24
Stator slots 36 36
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Fig. 4. Experimental test benches for the stray flux data
acquisition: a) cage induction motor (motor 1), b) wound
rotor induction motor (motor 2).

IV. RESULTS

In this section, the results obtained with the test
benches described above are discussed. These results
illustrate the usefulness of the approach to detect a
diversity of failures both in cage and wound rotor
induction motors.

A. Motor 1: cage induction motor

Fig. 5 shows the application of the conventional method
based on stray-flux analysis to the cage induction motor
[17]. This figure shows the FFT analyses of the emf
signals (only the low frequency region is depicted)
captured at steady-state, considering three different
positions of the sensor (shown in Fig. 2) and three
different fault cases: 1) healthy motor, 2) misalignment
and 3) motor with 2 broken bars and misalignment. Note
how the expected fault components are amplified in the
analyses when the corresponding fault is present in the
machine. However, these components have different
amplitudes depending on the location of the sensor. This
is due to the fact that, depending on the nature of the
corresponding fault component (axial/radial), its increment
when the fault is present will be more evident at the
sensor position that enables capturing the flux portion in
which it appears.
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Fig. 5 FFT analyses of the coil sensor signal for the three
fault cases and for the three considered positions of the
sensor (motor 1).

For instance, in case of rotor damages (broken bars),
the axial components s-f and 3-s-f will be amplified,
among others. As observed in the graphs, these
increments are more evident in position A and position B
since, at these positions, a higher portion of axial flux is
captured. At position C, the captured flux is primarily
radial and, hence, these components show little
increments when the fault is present. These analyses
prove that the technique is able to detect the fault but the



sensor location plays an important role on the
components amplified by the failure.

On the other hand, Fig. 6 shows the STFT analyses of
the emf signals (motor 1) captured during the startup for
the three fault cases and sensor positions commented
before [17]. Note that the transient evolutions of the fault
components (depicted in Fig. 3) are clearly observable in
the resulting time-frequency maps: on the one hand, we
can clearly observe the evolution of the axial component
s-f associated with rotor damages, which is significantly
amplified as the fault gets worse (compare healthy motor
and motor with misalignment + 2 broken bars). In
addition, the evolution of the component fecc caused by
eccentricities/misalignments is clearly observed and,
finally, the radial component fs,=f-(1-2-s) evolution is also
identifiable at position C, in which a predominantly radial
flux is captured. In conclusion, these fault signatures can
be used as reliable evidences of the presence of these
failures.

B. Motor 2: wound rotor induction motor

Fig. 7 shows the FFT analyses of the emf signals
captured at steady-state for the wound motor induction
motor, considering three different rotor asymmetry levels
and two positions of the sensor (positions A and C). In
this figure, the region around the fundamental frequency
is depicted. Note the clear increment of the amplitude of
the fault component f-(1-2-s) when the fault gets worse.
This is visible for both positions of the sensor since this
component is radial and at both positions of the sensor a
certain amount of radial flux is captured.

Fig. 8 shows the STFT analyses of the emf signals
(motor 2), captured during the startup, for the three
different levels of rotor winding asymmetry. Note that the
components associated to the different faults are clearly
visible in the resulting time-frequency maps. Particularly
evident is the evolution of the component f-(1-2-s) that
increases its amplitude when the fault gets worse, at all
positions of the sensor. The axial component s-f is also
detectable, especially at position A, that captures the axial
flux. Finally, the evolution of the eccentricity/misalignment
component at fec is also detectable and reveals the
existence of a certain level of misalignment between the
tested motor and the driven load.

V. CONCLUSIONS

This paper describes the currently existing approaches
for condition monitoring of electric motors relying on stray
flux data analysis: on the one hand, the classical methods
based on the analysis of the steady-state flux data using
the FFT and, on the other hand, the new technologies
relying on the advanced analysis of stray flux data
captured under transient operation of the motor by
applying time-frequency tools.

The analysis of the experimental data obtained in the
paper enables to illustrate the operation of each
approach. Whereas the conventional methods enable the
detection of the different faults through the assessment of
the amplitudes of the fault harmonics present in the FFT
spectrum, the new transient-based technologies rely on

the detection of characteristic patterns that are caused by
the evolution of the fault components. These latter
methods increase the reliability of the diagnosis since
these patterns cannot be caused by other phenomena
different than the failure, thus avoiding false indications
that may appear with the classical methods.

The paper intends to be a first approximation to show
the state-of-art in the use of this diagnosis technology
which is drawing the attention of certain manufacturers
that have recently developed integrated sensors
embedded on the motor frame with the aim of providing
self-diagnostics capability to the motor. The inherent
advantages of this technique, some of them proven in
recent works (non-invasive nature, simplicity, higher
sensibility for detecting certain faults...) makes it a very
interesting option. However, as it is shown in the paper,
some issues are still under study, such as the influence of
the sensor position on the results or the necessity of
further massive validation that enables to set objective
fault severity thresholds valid for a wide number of cases.

The method is planned to be applied in the near future
to detect damper bar damages in synchronous motors in
the range of MW, which are largely used in the
Petrochemical industry.

VI. ACKNOWLEDGEMENTS

This work was supported by the Spanish ‘Ministerio de
Ciencia Innovacién y Universidades’ and FEDER program
in the framework of the ‘Proyectos de I+D de
Generacién de Conocimiento del Programa  Estatal
de Generacion de Conocimiento y Fortalecimiento
Cientifico y Tecnolégico del Sistema de [+D+i,
Subprograma Estatal de Generacion de Conocimiento’
(ref: PGC2018-095747-B-100).

VIl. REFERENCES

[1] W.T. Thomson, M. Fenger, “Current signature
analysis to detect induction motor faults,” IEEE
Industry Appl. Magazine, pp. 26-34, Jul/Aug 2001.

[2] V. Wowk, Machinery Vibration: Measurement and
Analysis, New York, NY: McGraw Hill, 1991

[3] S.B. Lee, E. Wiedenbrug., K. Younsi, “ECCE 2013
Tutorial: Testing and Diagnostics of Induction
Machines in an Industrial Environment”, presented
at ECCE 2013, Denver, CO, USA, Sep 2013.

[4] J. A. Antonino-Daviu, M. Riera-Guasp, J. R. Folch,
and M. Pilar Molina Palomares, "Validation of a new
method for the diagnosis of rotor bar failures via
wavelet transform in industrial induction machines,"
IEEE Transactions on Industry Applications, vol. 42,
pp. 990-996, 2006.

[5] J. Antonino-Daviu, S.B. Lee and E. Wiedenbrug,
"Reliable Detection of Rotor Bar Failures in
Induction Motors Operating in Petrochemical
Plants", PCIC Europe Conference Record, 2014.

[6] J. Antonino-Daviu, J. Pons_llinares and S.B. Lee,
"Advanced Rotor Fault Diagnosis for High Voltage
Induction Motors via Continuous Transforms", PCIC
Europe Conference Record, 2015.



Amplitude (dB)

Amplitude (dB)

Amplitude (dB)

Healthy Motor (inh. eccentricity)
60

Frequency (Hz)

02 04 06 08 1
Time (s)

Healthy Motor (inh. eccentricity)

Frequency (Hz)

Frequency (Hz)

Frequency (Hz)

Motor with misalignment

Motor with misalignment + 2bb

.

Frequency (Hz)

02 04 06 08 1
Time (s)

Motor with misalighment

0 02 04 06 08 1
Time (s)

Motor with misalignment + 2bb

Frequency (Hz)

02 04 06 08 1
Time (s)

Healthy Motor (inh. eccentricity)

60

N
T
2
3
g
3
3
o
-]
w

.
04 06
Time (s)

Motor with misalignment

02 04 06
Time (s)

Motor with misalignment + 2bb

L o

Frequency (Hz)

0 02 04 06 08 1
Time (s)

02 04 06 08
Time (s)

Time (s)

POSITION
A

POSITION
B

POSITION
C

Fig. 6 STFT analyses of the coil sensor signals for the machine (Motor 1) with inherent eccentricity, motor with misalignment
and motor with misalignment +two broken bars and for the three considered positions of the sensor (the color denotes the
energy density in each point of the time-frequency map, with red=highest density while blue=lowest density).

0 5 T T T T T T
H08d8 = -62dB Low asymmetry
v Low asymmetry © sl M ]
50— d g
g
100- - < | | | | 1 1
Q0 2 I 5 ) 20 52 5 % % 50 40 42 44 % 8 50 52 54 56 58 60
0 . - I T T 7 T T T
-38.2dB E -56.7dB
4 Medium asymmetry o sl < \
S0 ! + s A (
A = . Y VRN . WA
\ hipasih 1 & 6 LA gl e ol s T sl e
00t T L I ! A LR WL b ) ‘ | I L I | | |
9 2 m 3 % Bl B B % = B0 4 2 4“ % & 50 52 54 5 58 B
0 . & T T T . T
}1 d8 . = 5448 High asymmetry
High asymmetry ® 50 ¥ i
50+ 1 - ] |
e E .
il L VT hal O ey L vy
Wl W ] . g \
00y y Ll 1y 1 Wy Ty X Z }’ . . . . . . . . 1
0 0 u r rr =0 @ o % = ry 4 2 4 % ] 50 52 54 56 58 60
Frequency (Hz) Frequency (Hz)
@ (b)

Fig. 7. FFT analyses of the steady-state EMF signals for the sensor at positions A and C for the cases of low, medium and

high asymmetry (motor 2).



Healthy motor

Asymmetry level two

Asymmetry level four

-20

40

-60

-80

-100

-120

Time (s)

Asymmetry level four

-20

40

-60 -60

Frecuency (Hz)

.80 -80

-100 -100

-120 -120

4 1

(¥}
N

4

Time (s)

. Asymmetry level four

- 40
2 5 =
z z
O = 60 &
8 & 50 &
Q.
100
i 120
(] 1 2 3 4
Time (s) Time (s)
Healthy motor Asymmetry level two
60
" 50
Z =40
Oz fecc T fecc
'—_' z '*‘ : : < ‘rl
= £a0 A s 30 L e A—
8 3 R A * i B ,,'\f"“b = o vol
[ o +(1-2-s
g "= ot 2N W
/ A L s-f
\ 1
10 0] SR /
Vi
\‘ ’,
% 1 2 3 4 % 1 2 3
Time (s) Time (s)
Healthy motor Asymmetry level two
(@]
£ s
O = <
= s
£
v 3
(o = i
(-9

-20

-40 50

IS
=)

-60

w
=)

-80

Frecuency (Hz)

20 -100

-100

-120

150

-140 0

Time (s)

Time (s)

Fig. 8 STFT analyses of the coil sensor signals for the machine (Motor 2) in healthy state, motor with rotor asymmetry level
two out of four and motor with rotor asymmetry level four out of four and for the three considered positions of the sensor (the
color denotes the energy density in each point of the time-frequency map, with red=highest density while blue=lowest

[7] A. Ceban, R. Pusca and R. Romary, “Study of Rotor

Faults in Induction Motors Using External Magnetic
Field Analysis”, IEEE Trans. Ind. Electronics, vol. 59,
no. 5, pp. 2082-2093, 2012.

[8] C. Jiang, S. Li and T. G. Habetler, "A review of

El

(10]

condition monitoring of induction motors based on
stray flux," 2017 IEEE Energy Conversion Congress
and Exposition (ECCE) Conference Record,
Cincinnati, OH, 2017, pp. 5424-5430.

Y. Park, C. Yang, J. Kim, H. Kim, S.B. Lee, K.N.
Gyftakis, P.A. Panagiotou, S. Hedayati Kia, G-A.
Capolino "Stray Flux Monitoring for Reliable
Detection of Rotor Faults Under the Influence of
Rotor Axial Air Ducts," in IEEE Transactions on
Industrial Electronics, vol. 66, no. 10, pp. 7561-
7570, Oct. 2019.

L. Frosini, A. Borin, L. Girometta, and G. Venchi, “A
novel approach to detect short circuits in low voltage

density).

(11]

(12]

(13]

(14]

induction motor by stray flux measurement,” in Proc.
ICEM 2012, Marseille, France, Sep. 2-5, 2012, pp.
1538-1544.

H. Henao, C. Demian, and G.-A. Capolino, “A
frequency-domain detection of stator winding faults
in induction machines using an external flux sensor,”
IEEE Trans. Ind. Appl., vol. 39, no. 5, pp. 1272—
1279, Sep./Oct. 2003.

R. Romary, R. Pusca, J. P. Lecointe, and J. F.
Brudny, “Electrical machines fault diagnosis by stray
flux analysis,” in Proc. IEEE WEMDCD 2013, Paris,
France, Mar. 11-12, 2013, pp. 247-256.

A. Yazidi, H. Henao, and G.-A. Capolino, “Broken
rotor bars fault detection in squirrel cage induction
machines,” in Proc. IEEE IEMDC 2005, San
Antonio, TX, USA, 2005, pp. 741-747.

G. Mirzaeva , K. |. Saad,:"Advanced Diagnosis of
Rotor Faults and Eccentricity in Induction Motors
Based on Internal Flux Measurement’, IEEE



Transactions on Industry Applications, Vol: 54,
Issue: 3, pp: 2981 — 2991, May-June 2018.

[15] S. B. Salem, M. Salah, W. Touti, K. Bacha and A.
Chaari, "Stray Flux analysis for monitoring
eccentricity faults in induction motors: Experimental
study,” 2017 International Conference on Control,
Automation and Diagnosis (ICCAD), Hammamet,
2017, pp. 292-297.

[16] S. M. J. Rastegar Fatemi, H. Henao, and G.-A.
Capolino, “Gearbox monitoring by using the stray
flux in an induction machine based

electromechanical system,” in Proc. |EEE
MELECON 2008, Ajaccio, France, 2008, pp. 484—
489.

[17] J.A. Ramirez-Nunez, J.A. Antonino-Daviu, V.
Climente-Alarcén, A. Quijano-Lépez, H. Razik, R.A.
Osornio-Rios, R. de J. Romero-Troncoso
"Evaluation of the Detectability of Electromechanical
Faults in Induction Motors Via Transient Analysis of
the Stray Flux," in IEEE Transactions on Industry
Applications, vol. 54, no. 5, pp. 4324-4332, Sept.-
Oct. 2018.

[18] I. Zamudio-Ramirez, J. A. Antonino-Daviu, R. A.
Osornio-Rios, R. d. J. Romero-Troncoso and H.
Razik, "Detection of winding asymmetries in wound-
rotor induction motors via transient analysis of the
external magnetic field," in IEEE Transactions on
Industrial Electronics. To be published in 2020.

[19] J.A. Antonino-Daviu, H. Razik, A. Quijano-Lopez
and V. Climente-Alarcon, "Detection of rotor faults
via transient analysis of the external magnetic field,"
in proc. of the IECON 2017 - 43rd Annual
Conference of the IEEE Industrial Electronics
Society, Beijing, 2017, pp. 3815-3821.

[20] J. Antonino-Daviu, |. Zamudio-Ramirez, R. A.
Osornio-Rios, V. Fuster-Roig, R. de Jesis Romero-
Troncoso and L. D. Dunai, "Stray Flux Analysis for
the Detection of Rotor Failures in Wound Rotor
Induction Motors," in proc of the IECON 2019 - 45th
Annual Conference of the IEEE Industrial
Electronics Society, Lisbon, Portugal, 2019, pp.
3704-3709.

[21] A. Bellini, C. Concari, G. Franceschini, C. Tassoni,
A. Toscani, "Vibrations currents and stray flux
signals to asses induction motors rotor conditions",
IECON 2006 — in proc. of the 32nd Annual
Conference on IEEE Industrial Electronics, pp.
4963-4968, 2006.

VIl VITA

Jose A. Antonino-Daviu received the M.Sc. and Ph.D.
degrees in electrical engineering, both from the
Universitat Politécnica de Valéncia, Valencia, Spain, in
2000 and 2006, respectively. He has worked for IBM,
involved in several international projects. He is currently
an Full Professor in the Department of Electrical
Engineering, Universitat Politecnica de Valéncia. He was
an Invited Professor at Helsinki University of Technology,
Finland, in 2005 and 2007, Michigan State University,
USA, in 2010, Korea University, South Korea, in 2014,
Université Claude Bernard Lyon 1, France, and Coventry
University, U.K., in 2016. He is a coauthor of more than
200 papers published in technical journals and
conference proceedings. He is also the coauthor of one
international patent.

Dr. Antonino-Daviu is an Associate Editor of the
IEEE TRANSACTIONS ON INDUSTRIAL INFORMATICS
and a member of the Editorial Board. He received the
IEEE Second Prize Paper Award of the Electric Machines
Committee of the IEEE Industry Applications Society
(2013). He also received the Best Paper Award in the
conferences |IEEE ICEM 2012, IEEE SDEMPED 2011and
IEEE SDEMPED 2019 and the “Highly Commended
Recognition” of the IET Innovation Awards in 2014 and in
2016. He was the General Co-Chair of SDEMPED 2013
and is a member of the Steering Committee of IEEE
SDEMPED. In 2016, he received the Medal of the
Spanish Royal Academy of Engineering (Madrid, Spain)
for his contributions in new techniques for predictive
maintenance of electric motors. In 2018, he has been
awarded with the prestigious ‘Nagamori Award’ from the
Nagamori Foundation (Kyoto, Japan). In 2019, he
received the SDEMPED diagnostic achievement Award
(Toulouse, France) for his contributions to electric motors
advanced diagnosis.

joanda@die.upv.es

Alfredo Quijano-Lopez was born in 1960 in Valencia,
Spain. He received the Electrical Engineer degree and
the Ph.D. degree from Universitat Politécnica de
Valéncia, in 1986 and 1992, respectively. He is the Head
of the Instituto Tecnolégico de la Energia. He is also a
professor and a researcher at the Universitat Politécnica
de Valéncia in the Electrical Engineering Department. His
current research activity is focused on applied research
for the Energy area and the electrical technology
including renewable energies, high voltage, metrology,
new materials and applications and research results
transfer to companies.

aquijano@ite.upv.es

Vicente Fuster-Roig was born in 1965 in Valencia,
Spain. He is a permanent researcher and teacher of the
Universitat Politecnica de Valéncia where he obtained the
Engineer degree in 1991 and the Ph.D. degree in 1996 on
the topic of power quality. He has participated as the main
researcher on many applied projects with industry, mainly
on electromagnetic compatibility, electric measurements,
electromagnetic modelling, insulator ageing, high currents
and high voltage. He is currently the scientific director of
the Instituto Tecnoldgico de la Energia and he is carrying
research on electromagnetic compatibility and electric
energy quality supply.

viuster@ite.upv.es

Pedro Llovera-Segovia received the M.Sc. in electrical
engineering from the Universitat Politécnica de Valéncia,
Valencia, Spain, in 1997 and the Ph.D. in electrical
engineering from Universitat Politecnica de Valencia,
Spain and Université Paris XI, France in 2002. He is
currently Associate Professor in the Department of
Electrical Engineering of the Universitat Politécnica de
Valéncia. He has published more than 20 papers in
international indexed journals and has 4 patents. He has
taken part in multiple projects, most of the in collaboration
with industry. He is expert in insulating materials for H.V.
applications and industrial electrostatics, among other
areas.

pllovera@ite.upv.es




