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Résumé
Une série de tests de simulation du déséquilibre de tension d’alimentation, ont été effectués sur la machine
asynchrone triphasée afin d’étudier les conditions anormales. Le modele de données des courants statoriques est
utilisée comme un diagnostic préliminaire. L approche étendue du vecteur de Park (EPVA) est utilisé aussi. Un
model elliptique et une 2éme composante harmonique sont obtenus par ces deux méthodes respectivement. Ces
signatures dans d'autres recherches sont souvent considérées comme des indicateurs directs et précis du défaut de
court-circuit du stator. Cette similitude méne & une incertitude dans la détection du défaut, ce qui rend
I'utilisation de technique complémentaire impératif. La concentration sur la 2éme harmonique de la fréquence
d'alimentation (2.fs) dans le spectre de couple (Ila méthode de THA) a montré son efficacité en tant que bon
indicateur du déséquilibre de la tension. A cet effet, pour faire la distinction entre ces défauts, la THA est
considéré comme l'outil idéal dans ce but.

Mots clés : motor a induction , désequilibre de tension d’alimentation, diagnostic des défauts, modele des courants
statorique, EPVA, THA.

Abstract
In the present paper, series of simulation tests of voltage unbalance, have been performed on triphase induction motor

to study this unhealthy condition. First, the stator currents data pattern is used as a preliminary diagnosis. Secondly the
extended Park’s vector approach (EPVA) is also used. An elliptic pattern and a 2nd harmonic component are obtained
by these two methods respectively. These signatures in other researches are often considered as direct and accurate
indicators of a stator winding fault. This similarity leads to uncertainty in the detection of the fault, which makes
imperative the use of complementary technique. The focus on the 2nd harmonic of the supply frequency (2.fs) in the
torque spectrum (THA technique) has shown its effectiveness as good indicator of voltage unbalances. Therefore, to
distinguish between these faults, the THA is considered as the ideal tool for this purpose.
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1. INTRODUCTION

The three-phase induction motors with squirrel cage are essential components in most of today’s
industrial production processes, because of their reliability, simplicity of construction and
mechanical robustness. Thus, a special attention is given to their operation and their availability.
Condition monitoring of induction motors is a vital factor in achieving efficient and profitable
operation. So the greatest challenge in the area of condition monitoring is the diagnosis of a fault
before it becomes critical [1,2,3].

The IEC standard and the European Commission’s report show that the induction motors in the
power range of 0.75 kKW to 4 kW represent a particularly attractive opportunity for electricity
savings [4]. Induction motors can be exposed to various phenomena; the most of these machines
are directly connected to the power grid. Hence, it is very important to clarify the effect of voltage
unbalance on the characteristics of induction motors [2].

The voltage unbalance effects on induction motors are stated as reduction on efficiency,
mechanical oscillations and highly unbalanced currents on the stator. These high currents lead to a
temperature rise, therefore, the insulation of the electrical conductors in the stator, are affected [3]
and considered as the weakest part of the squirrel cage induction motors. This thermal stress leads
to a reduction of induction motor life time [5,6].

Voltage unbalance generates negative sequence component in the voltage, the intensity of the
magnetic field in the air gap is proportional to the amplitude of the positive and/or negative-
sequence. The direction of rotation of the field corresponding to the negative sequence is opposed
to the one corresponding to the positive sequence. That is why, in the case of unbalanced voltage,
the resulting magnetic field becomes elliptic rather than circular [3,6].

This flux negative sequence produces several undesirable effects such as increased copper losses
in the stator and in the rotor and power and torque pulsations. These pulsations are caused by a
supplementary torque with a double frequency of the applied voltage. All these effects lead to a
shorter lifetime of the machine, and healthy motors may be out of service [7].

Previous works concerning on-line monitoring of current Park’s Vector approaches and 3D
currents data pattern, have shown that these approaches can be used for abnormal conditions of
induction motors. The ellipticity in both 3D currents data pattern and Park’s Vector representation
and the 2nd harmonic component obtained from the extended Park’s vector approach (EPVA) are
often considered as indicators of stator winding fault. Reported works [8, 9,10] are pertinent in
this regard. On the other hand, researches [11,12] consider these signatures as a sign of an
unbalanced voltage, so the main disadvantage of these techniques is that the stator voltage unbalances
are interpreted as stator winding faults and vice versa. Therefore, from a physical point of view, the
fault is not noteceable.

The present paper aims to study how these techniques are influenced by the unbalanced supply
voltage and to present the similarity between the obtained signatures of the voltage unbalance and
the stator winding fault signatures obtained in the literature. Hence, the Park’s vector approach, the
3D currents data pattern and the extentend Park’s vector approach can be considered as tools used for
a preliminary diagnosis (just to locate the origin of the fault). Therefore, the need of a complementary
technique is necessary, in this regard, the torque harmonic analysis (THA) is proposed as a direct and
effective technique for the diagnosis of the stator voltage imbalance.

This study is an extended work of a previous research [6] and aims to study the voltage
unbalances faults in a better, through other unbalances cases and new diagnosis techniques.

2. THEORETICAL DEVELOPMENTS AND METHODS
2.1. Background informations of the voltage unbalances

The appearance of some symptoms in the induction motors such as the vibrations, the increased
noise levels and the temperature rises in the stator is not necessarily an evidence of an internal
fault, like bearing faults or stator short-circuit. Because other reasons may cause these problems,
the stator unbalanced voltage is an external fault, which may cause these symptoms. So, faults
that affect the motor are divided into two parts: internal and external faults [6]. External faults
should not be underestimated because the most of the diagnosis investigate the internal faults.
Figurel summarizes the various external faults.
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Figure.1. Classification of the external faults [6].

A three-phase system is unbalanced when the three-phase voltages and currents do not have the
same amplitude and/or the same phase shift angle (120°). In order to analyze the performance of a
three phase induction motor, symmetrical components analysis is normally used. In this method,
positive and negative sequence equivalent circuits, as shown in Fig.2, are used to calculate
different parameters of the machine under unbalanced voltage conditions [6].
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Figure. 2. Single-phase equivalent circuits of the motor: Positive-sequence (Top) and negative-

sequence (Bottom)

In the equivalent circuit the subscripts s and r denote the stator and rotor, 1 and 2 refers the
positive and the negative sequences respectively. Depending on the theories of symmetric
components, all three-phase unbalanced systems can turn into two unbalanced three phase systems
of different sequence plus a group of single phasors. The systems are positive, negative and zero
sequences. So, with the complex values of voltages and currents of a three-phase system, the

components of the sequence systems are [6]:
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The subscripts A, B and C, refer to the three phase components of the real system, while 0, 1 and
2, are the zero, positive and negative sequence voltages and currents respectively; the operator ‘a’
is:

a=12120°

The International Electrotechnical Commission (IEC) introduces an independent definitions for
voltage unbalance; it defines it as the ratio of the negative sequence voltage to the positive
sequence voltage [5], this ratio, known as the voltage unbalance factor VUF, describes the voltage
unbalance percentage [13]:

VUF = 2] 100% @A)

1

Figure 3 summarizes the eight different unbalanced voltage cases in any three phases systems [14].
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Figure. 3. The different unbalanced cases in the three phases systems

2.2. Theoretical principles of the analysis of balanced and unbalanced conditions
2.2.1. The stator currents data patterns
2.2.1.1. ldeal operating condition

It’s necessary to finish the investigation of the normal operating conditions, to develop a reference
for comparison purposes. Most of the common methods used to identify faults in induction motor
are based on the analysis of the stator currents. The Park’s vector and the 3D current pattern
approaches, also use the analysis of stator currents. However, in these methodologies, the fault
detection will be converted into the pattern and depends on the change on it [15].

The obtained orbits have ellipsoidal, polygonal orhypocycloidal shapes according on the nature of
the defect that occur on the drive [16]. Considering three-phase induction motors without neutral
and ideal conditions and with unbalanced voltage supply, the stator currents are given by the
following expressions [9,16]:
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I, =1,sin(wt—¢)

IB=Imsin(mt—2—;—q>) (4)

Il = Imsin(mt74—;7(p)

Where:

I5, Izand Ic = The three stator currents

Im = The maximum value of the supply phase current
® = The supply frequency

[0) = The phase angle

t = The time variable

The well-known Park transformation shows the variables of a three-phase machine through a
system of two quadrature, they are a measuring and diagnostic tool in electric three-phase
systems. The components of the stator current in a reference system formed by two orthogonal
shafts which are fixed to the stator (shafts d and g) are obtained by the following equation:

i :\Fl SN I
d 3 A % B \/g C (5)
1 1
|q :leiflc
where, id and iq are the direct and quadrature axis currents respectively, under ideal operating

conditions, when the supply currents constitute a positive sequence system, the three phase
currents lead to a current Park’s vector with the components:

J6

id :Tlmsm(mt)

g

. . i
1. =—1_sin(ot——
5 I (w 2)

(6)

q

In Figure 4 (0% state of percentage of unbalance) the direct and quadrature currents axis represent
a circle centered at the origin of the coordinators. These currents should ideally be n/2 radians out
of phase.

Quadrature axis

(e /2y,

Direct axis

Figure.4. Current Park’s vector representation for an ideal situation [8]

In the 3D stator current pattern, also we denote a circle centered at the origin of the coordinates, for
ideal condition where its radius R is:

R2=12 +13+12 @)

So, this circular pattern is an easy reference, that allows the detection and the identification of
abnormal conditions by monitoring the deviations of acquired patterns [8].
©UBMA - 2017
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In the case of a real healthy machine, the plot will differs slightly from a perfect circle for two main
reasons first, practically all voltage sources contain some degree of asymmetry, i.e., the system is not
perfectly balanced. Second, all electric machines contain some inherent asymmetries [11,17]. This
result is considered as a baseline with respect to the case of abnormal condition.

2.2.1.2. Unbalanced operating condition

The stator asymmetry is a general concept of any stator unbalance, whether stator winding fault or/and
voltage unbalance. So under these abnormal conditions, the equations (4) is no longer valid; the
previous circle pattern no longer appears because the motor supply current will contain negative-
sequence component besides the positive-sequence component. Fig.5 presents the induction motor
currents under unbalanced condition.

4 Z,,

. \/('/
Figure.5. Induction motor currents under unbalanced voltage

Iy = lysin(ot—¢)+1,,sin(ot—¢)

|B=|BlSin[0)t—2—;—(pJ+|c23in[wt—4—3ﬂ:—(pj (8)

. 4n . 2n
lc =1gsin mt—?—q) +15,8in mt—?—(p

The motor supply current can be expressed as the sum of a positive and a negative- sequence
components. Fig.6 presents the Park’s vector plot with a stator asymmetry, its an elliptic pattern whose
the amplitudes sum of the positive and negative-sequence components is directly proportional to the
major axis, while the difference between the amplitudes of these two components is directly
proportional to the length of the minor axis. The major axis orientation is associated with the faulty
phase [6,8,10,12].
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Figure. 6. Current Park’s vector representation for a stator asymmetry [6,8]
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As the stator currents differ from each other by 120° electrical, it is important to note that the three
ellipses’ major axis differ from each other by 120 spatial degrees in both park’s vector approach and
the3-D current referential [9, 10].

Besides the recognition of the obtained elliptic pattern, the severity of the motor fault must be
reported, which is related with the eccentricity of the ellipse. In this way, the new index is proposed,
allowing the pattern identification and the fault severity measure. This severity index is given by
equation (10),the parameters Anign and Ao denote respectively, the highest and lowest length of the
ellipse axes. It is important to note that Angrefers to the axis where the fault occurs-principal direction
carrying more energy [9]. This severity index assumes values between zero and one, being the absence
of any fault reported by a zero severity index (Ss = 0) [9,10]:

— 1 2ow (10)
hig

S

st

2.2.2. The Enhanced Park’s Vector Approach (EPVA)

In order to discriminate the information contained in the modulus of the current Park‘s vector, the
EPVA is applied, which is the result of a spectral analysis of the Park's modulus temporel signal, the
EPVA provides a more meaningful spectrum than the one obtained by the classical motor current

spectral analysis [8].
i =l 02 +ig(0?) (11)

where, iy is the motor current Park’s vector modulus.
2.2.2.1. Ideal operating condition

In normal circumstances, the motor supply current contains only a positive sequence component,
leading to a constant current Park’s vector modulus. In these conditions, the EPVA signature will be
clear from any spectral component. In the case of a real healthy machine the EPVA reveals the
existence of a spectral component (100 Hz), with small amplitude, because there will be always a
small degree of unbalance [8].

2.2.2.2. Unbalanced operation condition

With an asymmetry in the stator the occurrence of the fault is manifested in the EPVA signature by the
presence of a spectral component at a frequency of (100 Hz) twice the fundamental supply frequency
[15]. Furthermore, the amplitude of this frequency is proportional to the severity of asymmetry. Figure
7 presents the Park’s vector modulus with a stator unbalance.
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Figure 7. The motor current Park’s vector modulus for a stator asymmetry [§]

2.2.3.Torque Harmonic Analysis (THA) for voltage unbalances detection

Temporal signal processing in the frequency domain is commonly encountered in diagnosis of
induction motors. The THA and the stator Currents Spectral Analysis (MCSA) are powerful
techniques for monitoring the health of induction motors, for the MCSA technique the two principal
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spectral component that appear in case of voltage unbalance are the first and the third harmonics (50-
150Hz) [12, 18]. Other researchers have turned to the use of the THA, in the case of unbalanced
voltage, the component spectrum that appears is (L00Hz) in the spectrum of the torque, this effective
technique will be used in this research. The torque can be expressed by the following equation [6, 19,
20]:

P _Rh =To+T, (12)
(O] (0]

In order to simplify the survey, we suppose that the induction motor is an RL load, the torque will be
written as follows:

T

T=[%].n (13)

Where:

V = The input voltage

I = The current of each phase
n = The motor efficiency

As we supposed previously, sinusoidal waveforms for voltage and current is applied, so the equation
can be rewritten as:

T = Kcos(2r50t + o) x cos(2r50t +B) (14)
So:

T =K'{cos(c. - B) +cos(2r100t + o +P)} (15)
Based on this equation the resulting torque would include a DC term and a term with a fundamental
frequency double of the frequency of applied voltage (2.fs). As expected, this component which is
absent in normal operating condition, can detect and specify the relevance of the fault. So any kind of
unbalance in the voltage in induction machines is detectable via torque harmonic analysis (THA).

2.3. Diagnostics algorithms

Figure 8 shows the flow charts of the stator asymmetry fault detection using all the techniques already
cited and devided into two stages.

Frequency anal [ the torque signal —
{Torque harm C an. s/ T.H.A)

nalysi

Mormal
J operating
condition

2nd harmonic
component (2,65 )
__ appears ?

1 Yes

Faulty operating condition
{ Unbalance fault)

L

Diagnosis decision™ No
- (Shutdown equipment?)

Hlow =< A hig
(Elliptic pattern)

} Yes

Corrective maintenance

—_—
| End |

Stage 1 Stage 2

Figure.8. Flow charts of the proposed procedure of stator asymmetry diagnosis using
currents data patterns, EPVA and THA approaches
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3. SIMULATION TESTS

In this section, we present a great similarity between the unbalanced voltage and the stator winding
fault,this similarity is a result of the emergence of the negative sequence in these two faulty cases. The
mathematical model is simulated on MATLAB/Simulink, the unbalanced cases are created by
imposing a modification in the voltage sources; the simulation is established under the following
assumptions:

o 0.75 kW three phase induction motor, supplied by 311.12 (V)and 2.14 (A) peak for each
phase;

frequency f =50 Hz ;

No-load condition ;

The repartition of the induction along the air gap is sinusoidal;

Sinusoidal spatial distribution of magneto motive forces air gap;

Constant air gap, the effect of notches is negligible;

No core losses .

Table 1 presents the deferent parameters of the unbalanced voltages cases studied, applied on the
induction motor.

Table 1. Parameters of the balanced and unbalanced voltages circumstances studied

Voltage
Balandced Pﬁ;f;l?r?c?e?f Positive | Negative o
an . unbalance
unbalanced | amplitude or | VazAng® | VgzAng® | VczAng® seq:Jence seqtjence Type of
phase voltage | voltage factor | pattern
cases shift(6°) V) (V2) VUF%
0% in all
Balanced | phases ABand | 311.12,0 | Siii24- | 31L12z- 44 0.00 000 | Circular
c 120 240
10-UV 10% in A 2800 | StL124- | 8lll2e- i 44, 1037 3.44 Elliptic
120 240
1D-UV 20% in A 24889,0 | Sitles- | 31112z 290.37 20.74 7.14 Elliptic
120 240
1D-UV 20% in B 311.12,0 | 248894 | 31112 290.37 10.37 3.57 Elliptic
120 240
10-UV 20%in C 311.10,0 | Siil2s- | 2488920 290.37 10.37 3.57 Elliptic
120 240
"
30-UV 1%’&'5';5""" 28020 2802-120 | 280-240 | 280.00 0.00 0.00 Circular
[/ - -
30-UV 20% inall 24889.0 | 248894 248.892 248.89 0.00 0.00 Circular
phases 120 240
1®-Ang 10°inphase B | 311.12,0 | Sitles | 31112 309.54 14.80 4.78 Elliptic
110 240
1®-Ang 20°inphase B | 31112,0 | St1124- | 3lllos 304.86 2759 9.05 Elliptic
100 240
10-Ang | 20°inphaseC | 31112,0 | Sth124- | 81L122- 4y, 44 33.84 1110 | Elliptic
100 240
20° in phases 311.12¢- 311.12¢- L
2d-Ang B 311.12£0 %0 520 298.60 6.25 2.09 Elliptic
©UBMA - 2017
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3.1. Results and discussions
3.1.1. The stator currents data pattern
3.1.1.1. Balanced condition

Figure 9 presents the corresponding Park’s vector representation without any fault. In this situation the
pattern is a circle centered at the origin of the coordinates.This result is considered as a base line with
respect to the case of abnormal condition.

(@) (b)

Figure.9. Stator currents pattern for ideal operating condition, (a) 3D view; (b) Orthogonal view

3.1.1.2. Unbalances in the Voltages Magnitude
o Under voltage in phase A and healthy state for phase B and phase C

Figurel0 presents the corresponding Park’s vector and 3D stator currents representations with 10%
and 20% under voltage-phase A. These figures contains also the plot in the normal operating
condition in order to compare it with the faulty condition. It is observed that the elliptic plot
corresponding to the unbalanced phase, is clearly deviated from the normal condition circular pattern.
The major axis of the ellipse is found to be collinear with the faulty phase (phase A). The severity
index of the unbalance is also clear.

[——deal condition — Ideal condition —— 10%UV-phase A — 20%UV-phase A

—10%UV-phase A
—20%UV-phase A
4 . = = n

1q(A)
o

(@) (b)

Figure.10: (a) Current Park’s vector patterns; (b) 3D stator current patterns for: 10% and 20% under
voltage in phase A

©UBMA - 2017
143



Rev. Sci. Technol., Synthése 34: 134 -150 (2017) N. Benamira & al

o Under voltage in phase A, B and C

Figurell presents the corresponding Park’s vector and 3D stator currents representations with 20%
under voltage in phase A, B and C. It is observed that the major axis of the elliptic plots, is
corresponding to the unbalanced phase, as it was pointed out earlier, this ellipticity is due to the
negative sequence component generated by the fault.

—Ideal condition —deal condition = 20%U\-phase A = 20%UV-phase B = 20%UV-phase C |
20%UV-phase A >
20%UV-phase B /
20%UV-phase C /
4 P v
’ ” A
i 4 9.9Y%
2 ] XSS
: o'a,(/zre‘@fqiféf‘
1 P ) A\
= <
20 o’
-1
2
2 7" 4
-3 -4 3
4
4 : 3
2 0 2 4 -4
g 4 A) ) IB (A) IA (A)
@) (b)
Figure 11. (a) Current Park’s vector patterns; (b) 3D stator current patterns for: 20% under voltage in phase
A, B and C[6]
o Equal percentage of under voltage in the three phases

The Park’s vector pattern in case of an equal percentage of under-voltage in the three phases A, B, and
C is illustrated by Figure 12; the plots are in circular forms, the radius is inversely proportional to the
increase in the percentage of the unbalance, and also lead to the decrease of the torque. It should be
noted that these signs, were considered in [21] as equal percentage degradation in all phases of stator
winding fault.

— Ideal condition
——10% UV-3 phases
—20% UV-3 phases

Ig (A)
o -

Figure. 12. Current Park’s vector pattern for 10 and 20% under voltages in all phases
3.1.1.3. Unbalance in the voltage phase
o For (10°) and (20°) displacement angle of” phase B

To refer the most dangerous imbalance is the unbalanced in the voltage phase, because the increase of
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the negative sequences is more significant. Table 1, illustrates the imbalance in the voltage phase
angle which is 10° and 20° (small values) to show the dramatic impact of this kind of imbalance on the
motor performance. Fig.13 presents the stator currents plots with 10° and 20° angle displacement of
phase B.

— |deal condition
—(10°)unbalance-phase B ~Ideal condition = (10*)unbalance-phase B — (20" junbalance-phase B

—(20°)unbalance-phase B

PN

o
LS
{
EN

Fig.13: (a) Current Park’s vector patterns; (b) 3D stator current patterns for: (10°) and (20°) angle
displacement in phase B [6]

o (20°) Displacement of Angle’s Phase (B), (C) and (B, C):

Fig.14 presents the corresponding Park’s vector and 3D stator currents representations with 20°
displacement angle of Phase B, C and B,C.

= |deal condition = (20" unbalance-phase B = (20*unbalznce-phase C = (20" unbalznce-phase B
——|deal condition y
—(20°)unbalance-phase B
——(20°)unbalance-phase C
—(20%)unbalance-phase B and C

Iq(A)
=)

0
Id (A)

@

Figure.14. (a) Current Park’s vector patterns; (b) 3D stator current patterns for 20° angle displacement
in phase (B), phase (C)

3.1.2. The enhanced Park’s vector approach
3.1.2.1. Balanced condition

Figurel5 presents the Park’s vector modulus and its spectrum in normal circumstance. It was
theoretically predicted that in this condition, the EPVA signature would be free from any spectral
component.
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Figure.15. (a) The motor current Park’s vector modulus; (b) spectrum of the vector Park modulus in
normal operation condition

3.1.2.2. Unbalances in the voltages magnitude

Figure 16 presents the Park’s vector modulus and its spectrum with 10% and 20% under voltage
in phase A. It can be seen that the amplitudes of the 2.fs (100Hz), areclearly appeared compared
to the normal case (0.4 A for 10% unbalance and 0.8 A for 20% under voltage).

1
0.9
0.8}
0.7}
0.6}
0.5
0.4

—10% unbalance-UV
—20% unbalance-UV

— 10% unbalance-UV
20% unbalance-UV |

Amplitude (A)

Amplitude (A)
o s
(=]

0.1 \
0 : 4 1 — 0 F——————— ; \N
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Figure.16. (a) The motor current Park’s vector modulus; (b) spectrum of the vector Park modulus
around the (100 Hz) in case of 10% and 20% under voltage

3.1.2.3. Unbalances in the voltages phase

Figure 17 presents the Park’s vector modulus and its spectrum with 10° and 20° displacement
angle of Phase B. It can be seen that the amplitude of the 2.fs (100Hz) is increased compared to
the under voltage cases (0.7A for 10°and 1.3 A for 20°),which explain the severity of this kind of

unbalance.
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Figure. 17. (a) The motor current Park’s vector modulus; (b) spectrum of the vector Park modulus
around the (100 Hz) in case of 10° and 20° angle displacement
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The final stage in the investigation is devoted to distinguishing the anomaly, by using the THA
technique, and that is the content of the next section. 3.1.3. Torque Harmonic Analysis (THA).

3.1.3.1. Balanced conditions

Figurel8 presents the temporel signal of the torque and its spectrum in normal operation
condition. The THA signature would be clear from any spectral component.
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Figure.18. (a) Temporal signal of the Torque; (b) torque spectrum in normal operation conditions
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3.1.3.2. Unbalances in the voltages magnitude

Figure 19 presents the temporal signal of the torque and its spectrum with 10% and 20% under voltage
in phase A. It can be seen that the amplitudes of the 2.fs (100Hz), are clearly appeared.
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Figure.19. (a) Temporal signal of the Torque; (b) torque spec-trum in case of 10% and 20% under
voltage

3.1.3.3. Unbalances in the Voltages Phase

Figure 20 presents the temporal signal of the torque and its spectrum with 10° and 20° displacement
angle of Phase B. The amplitudes of the 2.fs (100Hz), are clearly appeared.
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Figure. 20. (a) Temporal signal of the Torque; (b) torque spectrum in case of 10° and 20° under
voltage

4. CONCLUSION AND PERSPECTIVES

This paper has described the different effects of the imbalanced voltages on the performance of
induction motors and the similarity of the signatures of voltage unbalance and stator winding
fault. This study is based on numerical simulation has showed this clear similarity. The obtained
elliptic patterns and the 2.fs harmonic responses generated in the spectrum of the Park’s vector
modulus are not sufficient for precis diagnosis, because these fault signatures in other works are
frequently considered as correct indicators of a stator winding fault. Therefore, these techniques
in such situations show faults generally (stator asymmetry). Hence, according to the proposed
algorithm, the significant influence on the 2nd harmonic of the torque spectrum (THA), has
helped to conclude that this technique provide an assuring indication about voltage unbalance and
its severity.

In the same context, we can consider the following perspectives:

- Realizing the experimental tests and compare the results with those obtained by simulation
based on mathematical model

- Diagnosing the machine in presence of combined faults (electrical and mechanical)

- Using advanced diagnosis tools (fuzzy logic, neural network...)
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APPENDIX
The induction motor parameters

Stator resistance

Rotor resistance

Stator inductance

Inductor rotor

Mutual Inductance

Motor moment of inertia
Viscous friction coefficient

Number of pole pairs
Rated Speed

10 Q
6.3 Q

0.4612H

0.4642 H
0.4212 H

0.02 Kg. M2
0.00N.m/Rd /s

2
157 rad / sec

Rated power 0.75 KW
Supply voltage and current peaks 311.12 (V), 2.14 (A)
values for each phase
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