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Abstract: This article investigates the neutral voltage difference signal, VNO signal, for fault diagnosis.
The aforementioned signal is the signal of the voltage between the common star point of the stator and
the common star point of the load. The under-study faults are demagnetization and static eccentricity
faults, while the machine in which the faults are investigated is an axial flux permanent magnet
(AFPM) synchronous generator, suitable for wind power applications. This study was conducted
using a 3D finite element method (3D-FEM), and the machine’s FEM model was validated through
experiments. This method is one of the most accurate methods for electrical machine computation,
allowing for a detailed study of electromagnetic behavior. The components that constitute the VNO

signal were determined using a 3D-FEM software program (Opera 18R2). Subsequently, further
analysis was performed using MATLAB R2022b software, and a fast Fourier transform (FFT) was
applied to this signal. In all the investigated faulty cases, new harmonics appeared, and the healthy
amplitudes of most of the already existing harmonics increased. These findings can be used for fault
identification. The analysis revealed that the harmonic frequency of 1.5fs was the most dominant in
the case of demagnetization, while in the case of static eccentricity, the most dominant harmonic was
a frequency equal to the machine’s operating frequency, fs. The novelty of this study is that this signal
has not previously been used for fault identification, especially in AFPM synchronous machines. This
signal depends on EMF voltage and stator phase currents but is less sinusoidal. Consequently, it can
detect faults in cases where the aforementioned signals cannot be used for detection.

Keywords: demagnetization; eccentricity; fault diagnosis; permanent magnet; synchronous generator

1. Introduction

Fault diagnostics is a very important subject in the field of electrical machines, as faults
reduce the efficiency and increase the cost of every electromechanical system. The majority
of existing studies investigate faults in asynchronous machines, which are the most popular
machine type in the industry [1–5]. Regarding synchronous machines, there are also many
studies that are dedicated to faults in this machine type. However, these investigations
are focused on radial flux synchronous machines (RFSMs), which are a more widespread
topology than axial flux synchronous machines (AFSMs). Recently, AFSMs, especially
those with topologies containing permanent magnets, have increasingly appeared in the
industry, with many applications such as in wind power energy systems, electrical vehicles,
ship propulsion, elevators, floppy disk drives, low-torque servomotors, etc. [6–8]. This
type of machine presents many advantages compared with conventional RFSMs. AFSMs
used in wind energy conversion (WEC) systems provide high output power, high torque,
operational ability in a significant speed range, significant reliability, and the opportunity
to eliminate the gearbox by adding more magnetic poles in the generator. Indeed, the price
of permanent magnets (PMs) is still high; however, a mechanical part such as the gearbox
also increases the need for maintenance and the overall cost of the system. In addition,
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over time, permanent magnets will become cheaper, which will lead to ever greater use of
these machine types, especially for wind power applications.

Nevertheless, in addition to the costs of AFSMs, permanent magnets are composed of
rare earth metals and are prone to demagnetization that can be reversible, irreversible, total,
or partial. The main cause of demagnetization is machine overheating, which is caused
due to either generator operation or heat dissipation problems. Other important causes of
demagnetization include various types of physical damage to the magnet, machine aging,
the reverse magnetic field that can exist due to a short-circuit fault, manufacturing defects,
and corrosion, as well as electrical or mechanical stresses [9–13]. In addition, permanent
magnets are fragile materials that can break during their construction or operation. Elec-
trical machines, especially wind generators, often operate in harsh environments under
conditions of pollution, humidity, vibration, high temperature, and overload, which are
capable of demagnetization faults [9]. In addition, a wind farm can be a costly and difficult
procedure, because these farms are often built far from the city center and, in certain cases,
also in offshore environments.

Demagnetization faults lead to an asymmetric distribution of the magnetomotive force
(MMF), while the magnetic flux is irreversibly reduced and distributed unevenly in the
machine. Furthermore, generator efficiency and the induced voltage decrease. However,
this fault not only disturbs the symmetry of the airgap magnetic flux density but also affects
the stator voltage and current [14]. Additionally, it causes audible noise and vibration in
the machine [10,15].

Aside from demagnetization, another important electrical machine fault is eccentricity.
Eccentricity is a faulty condition that can be the result of mechanical or thermal stresses,
the bending of the rotor during assembly, or imperfect assembly [16]. In this machine type
(AFSMs), two cases of eccentricity can occur: angular eccentricity and axial eccentricity.
Both create problems for the generator and the overall system because audible noise,
vibration, bearing wear, and torque ripple are the main effects of the eccentricity fault. The
latter can lead to degraded performance and strain the generator, resulting in a reduced
lifespan [17–20]. Especially for AFSMs, in which the overall axial length is shorter than
RFSMs, the generator’s diameter-to-length ratio is high, a fact that increases the probability
of eccentricity [20]. Consequently, studies of this specific fault in AFSMs are very important
for the timely diagnosis and repair of the generator.

The most significant studies involving the eccentricity and demagnetization fault
diagnosis of AFPM synchronous machines are now discussed. In the study by De Bisschop
et al. [21], search coils and an analytical model were utilized for the demagnetization
diagnosis of a machine with two rotors and one stator. In both studies conducted by
Mirimani et al. [18,19], the static angular eccentricity was investigated, and the proposed
method was based on EMF voltage values of the machine’s phase coils. In [22], Ajily
et al. used a 3D-field reconstruction method for the study of demagnetization faults
and the faults of static and dynamic eccentricity. In the study by Lamprokostopoulos
et al. [23], an analysis of the instant power spectrum of the generator was carried out for
demagnetization diagnosis. In two studies by De Bisschop et al. [24,25], demagnetization
was diagnosed using a forward problem for terminal voltage calculation in combination
with an analytical model. In [26], Saaverda et al. investigated the demagnetization fault
utilizing the stator current, the output torque, and zero-sequence voltage spectra. In
another study by De Bisschop et al. [27], a time-harmonic analytical model was used
for the identification of both demagnetization and eccentricity faults in a double-rotor–
single-stator topology. In [28], Bahador et al. used the flux density and the mean torque
for the diagnosis of demagnetization caused by a short-circuit fault. In three studies
by Barmpatza et al. [14,29,30], the spectra of the stator current and EMF voltage were
used for demagnetization fault identification. In the study by Skarmoutsos et al. [31],
dynamic eccentricity was investigated, using a novel algorithm based on the stator current
spectrum, while different combinations between slots and poles were taken into account.
In [32], Skarmoutsos et al. used a method based on search coils for the diagnosis of
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demagnetization, together with angular, axial, static, and dynamic eccentricity. Gyftakis
et al. [33] proposed a method based on higher harmonics of the stator current spectrum. The
proposed method can separate demagnetization from eccentricity and short-circuit faults
while taking into account transient machine conditions. In the study by Haddad et al. [34],
the Vd and Vq voltage values were used for eccentricity diagnosis. Ogidi et al. [35] proposed
a method based on vibration analysis for the detection of static angular eccentricity. In
another study by Ogidi et al. [36], static eccentricity and short-circuit faults were separated,
using vibration analysis and the stator current spectrum for fault diagnosis. In both studies
conducted by Barmpatza et al. [37,38], static angular eccentricity and axial eccentricity faults
were studied utilizing the EMF voltage, the stator current, and the sum of the generator’s
three-phase EMF voltage values. In another study by Ogidi et al. [20], the space harmonics
and subharmonics of the current, together with torque ripples, were investigated for static
angular eccentricity diagnosis. Guo et al. [39] proposed an analytical method to model a
series of manufacturing defects, such as static and dynamic eccentricities, both angular
and axial. The magnetic field and the induced voltage waveforms were also studied for
fault identification. In the study by Di Gerlando et al. [40], geometrical imperfections were
investigated in generators with concentrated coils. The fault impact on the resulting axial
force, the bending torques on the shaft, and the circulation current in the winding parallel
paths, were taken into account. Huang et al. [41] investigated an AFSM with concentrated
winding. An analytical model was proposed, while the back EMF voltage and cogging
torque were utilized for the diagnosis of static eccentricity. In the study by Marignetti
et al. [42], a quasi-three dimensional model was proposed for eccentricity detection, while
the influences of the fault on the airgap density, the cogging torque, and the unbalanced
force were studied. Verkroost et al. [43] introduced a fault tolerant deadbeat controller
to compensate for demagnetization. Finally, in three studies by Barmpatza et al. [44–46],
combined eccentricity and demagnetization faults were investigated.

In this article, static eccentricity and demagnetization faults are investigated in an
AFPM synchronous generator, suitable for a wind turbine system. The machine has a single-
stator–single-rotor topology, although the results can be extended to AFSMs consisting of
more rotors or stators. Firstly, the generator is presented, and its basic characteristics are
listed. The results of the experimental verification of the FEM generator model conducted
to strengthen the investigation’s accuracy are also presented. Subsequently, the proposed
VNO signal is explained and expressed with analytical expressions. From the literature
review, which summarizes the most significant studies in AFPM synchronous generators’
diagnostics, it is clear that this signal has not previously been used for the detection of
demagnetization and eccentricity. Consequently, this investigation is novel and aims
to give the scientific community an additional means for fault diagnosis. In this paper,
it is also revealed that the neutral voltage difference signal spectrum can distinguish
demagnetization from static eccentricity fault. In the Section 3, simulation results are
presented. Firstly, partial demagnetization is studied for two fault levels: 20% and 50%.
The waveforms and spectra of the proposed signal in healthy and faulty cases are presented.
Secondly, two different types of eccentricities, angular and axial, are studied using the VNO
signal and the corresponding spectrum. In the case of static angular eccentricity, faulty
cases of levels 30% and 40% are studied. In the case of static axial eccentricity, 1 mm and
2 mm misalignments between the rotor and the stator are taken into account. Finally, the
Section 4 highlights the most important findings that emerge from this study, and future
goals are also presented.

2. Materials and Methods
2.1. The AFPM Synchronous Generator

The machine used for fault analysis is an AFPM synchronous generator with a single-
stator–single-rotor topology, as shown in Figure 1. The stator is constructed of resin
and includes a three-phase, star-connected, trapezoidal winding, consisting of 12 coils.
Consequently, each phase has four coils, each consisting of 210 turns. The thickness of the
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stator is 18 mm, the generator’s external radius is 158 mm, and its internal radius is 60 mm.
The machine’s airgap thickness is equal to 3 mm, and the rotor has a thickness of 12 mm
and contains 16 NdFeB trapezoidal magnets, 8 south and 8 north, of 45N grade. Further
basic generator dimensions are listed in [45], except that it involves a double-sided rotor
topology generator. However, both the winding and magnet dimensions are the same used
in this study, and the only difference is that the second rotor and its magnets were not used
in this study. The same study can be extended to a topology with more rotors and stators,
which will be a future step of this investigation. Regarding the single-sided rotor topology
that is presented here, the nominal speed was 375 rpm, the nominal frequency was 50 Hz,
and the nominal voltage was 70 V for a nominal resistive load equal to 30 Ohm. All the
above data are also summarized in Table 1, for easier access and observation.
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Table 1. The generator data.
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Number
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of the
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2.2. Experimental Validation of the Generator Model

The aforementioned machine has been constructed in the laboratory [14,23,45], for
both single-rotor and double-rotor topologies. Figure 2 illustrates the corresponding ex-
perimental setup. The AFPM synchronous generator is driven by a three-phase induction
machine, and the experimental values in this study were obtained using a Lab View data
acquisition card. Subsequently, the experimental results were further analyzed using MAT-
LAB software. The experimental results related to the generator stator current validated
the corresponding values derived from the simulation. Figure 3 depicts the stator current
of phase A, which was obtained through experiment and simulation accordingly, for the
healthy generator when the speed was 600 rpm, and the machine fed a resistive load equal
to 30 Ohm. It can be seen that the two waveforms are very close to each other, a fact that
validates the accuracy of the FEM model. More specifically, the error between the two
measurements was less than 2%, which is an acceptable error for the simulation validity.
For simulation, the generator was designed using the same properties as the real machine.
The analysis chosen in Opera 3D software was the transient electromagnetic analysis. In
addition, the simulation model contained 3,966,501 elements, and the utilized PC was an
Intel computer i7-4770 with 8 GB RAM.

2.3. The Proposed Method

The proposed method is based on the fault-related harmonics of the spectrum of the
voltage between the common star point of the stator and the common star point of the load.
It is commonly known that the sum of three sinusoidal currents with a phase difference
of 120◦ between them when entering a node is zero in every period. When these currents
are not purely sinusoidal signals, there are additional harmonics in their spectra besides
the fundamental harmonic, and their sum is not zero, as in the case of electric signals of
an electrical machine. Consequently, by computing the voltage between the common star
point of the stator winding and the common star point of the load, a new signal, the VNO
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signal, is generated, which is less sinusoidal than the basic electrical signals of the machine.
Therefore, this signal can detect those faults that the spectra of the voltage or current of the
generator fail to detect.
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The VNO signal is computed below using the three-phase electrical circuit of the
generator stator, which is depicted in Figure 4. More specifically, utilizing basic circuit laws,
Equation (1) is derived as follows:

VAN + VBN + VCN = R1IA + R2IB + R3IC = 0 (1)
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Because the generator load is symmetrical, we can write

(VAO − VNO) + (VBO − VNO) + (VCO − VNO) = 0 (2)

(Phase A − RAIA) + (Phase B − RBIB) + (Phase C − RCIC) = 3VNO (3)

Consequently, the expression of the VNO signal is presented as follows:

VNO =
Phase A + Phase B + Phase C

3
− RAIA + RBIB + RCIC

3
(4)

Considering Equation (4), it is obvious that this signal depends on the EMF voltage and
stator phase currents. Consequently, it is a less sinusoidal signal than the aforementioned
signals, which enables fault detection even in cases where the EMF voltage signal or stator
phase currents cannot provide a solution.

3. Results

In this section, the results are presented for two fault types: demagnetization and
eccentricity. The analysis was performed keeping the rotor speed constant at 600 rpm;
consequently, the machine operating frequency was 80 Hz, and the generator fed a load
equal to 30 Ohm, which was the nominal load.

3.1. Demagnetization Fault

Firstly, partial demagnetization was studied, and two faulty cases were simulated. In
the first case, one of the sixteen existing magnets on the rotor was 20% demagnetized, while
in the second case, this magnet was 50% demagnetized. Figure 5 depicts the VNO signal
waveforms for the healthy case (in blue) and for the two faulty cases (in red). For both
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demagnetization cases, the VNO signal waveform was different from that of the healthy
case, and this modification also affected the corresponding spectra. Figure 6 illustrates the
spectra of the healthy and two faulty cases, and Table 2 summarizes the most dominant
fault-related harmonics. As can be observed from both Figure 6 and Table 2, the harmonic
whose amplitude was more affected by demagnetization was that of a frequency of 120 Hz.
This harmonic was equal to 3/2 times the operating frequency of the generator (fs), and
the increase in the amplitude of this harmonic component in the VNO signal spectrum can
be an indicator of demagnetization. According to our previous publication [14,45], partial
demagnetization also generates fault-related harmonics in the spectra of the EMF voltage
and stator current, while the axial component of the total magnetic flux density in the case
of demagnetization, with one faulty magnet, can be written as in Equation (5):

Bz_partialdem = Bz_healthy −
Bz_healthy

2pVdem
− ∑∞

k=1

2Bz_healthy

kπVdem
sin

(
kπ
2p

)
cos

(
2kπfst

p

)
(5)

where Bz_healthy is the axial component of the total magnetic flux density in the healthy
case, p is the generator pole pair, fs is the generator fundamental frequency, and Vdem is
the amplitude immersion of the Bz_healty waveform due to the fault. Figure 7 depicts the
stator current spectra generated through the experimental procedure for the healthy case
and the case with one demagnetized magnet. The faulty harmonics were of frequencies of
40 Hz, 160 Hz, 200 Hz, 280 Hz, and 320 Hz, which validate the above equation.
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Table 2. The fault-related harmonics in the VNO spectrum for partial demagnetization fault.

Frequency
(Hz)

Healthy
(dB)

20% Partial
Demagnetization

(dB)

50% Partial
Demagnetization

(dB)

80 −30.90 −30.9 −30.62
120 −45.35 −14.68 −4.05
360 −43.68 −40.28 −32.60
520 −45.97 −44.19 −45.48
560 −34.70 −34.30 −34.46
580 −46.12 −43.69 −44.94
700 −48.94 −47.01 −45.90
720 −44.48 −43.90 −41.48
820 −49.24 −48.38 −48.48
860 −48.18 −45.93 −47.12
880 −34.68 −33.20 −32.95
920 −45.04 −44.80 −41.67
960 −38.40 −37.76 −36.64
1000 −40.05 −37.38 −38.20
1120 −41.03 −38.55 −39.36
1150 - −46.78 −43.99
1220 - −43.53 −43.54
1260 - −43.98 −44.83
1280 −36.48 −35.59 −36.23
1300 −38.67 −37.45 −36.87
1380 −39.00 −37.11 −37.05
1420 −45.19 −38.41 −40.56
1560 −45.59 −41.41 −37.84
1580 −43.51 −42.22 −41.17
1600 −43.84 −43.12 −41.36
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Table 2. Cont.

Frequency
(Hz)

Healthy
(dB)

20% Partial
Demagnetization

(dB)

50% Partial
Demagnetization

(dB)

1620 −38.99 −35.77 −38.02
1740 −48.97 −45.24 −45.28
1840 - −48.28 −48.36
1850 - −48.28 −46.21
1920 −38.76 −37.56 −35.89
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3.2. Eccentricity Fault

In this section, the eccentricity fault is investigated, and two different types of eccen-
tricity are studied: (a) the static angular eccentricity and (b) the static axial eccentricity.
Generally speaking, static eccentricity is a case in which the rotor axis coincides with the
rotational axis but does not coincide with the stator axis. Figure 8 presents schematic
diagrams that explain the two types of eccentricity. As seen in this figure, in the first type,
the rotor is displaced relative to the stator by a certain angle, while in the second case, the
rotor offsets from the stator by some millimeters.

3.2.1. Angular Eccentricity Fault

Firstly, the static angular eccentricity fault was investigated, and more specifically,
two different levels of the fault were considered: 30% and 40%. The healthy and faulty
waveforms of the VNO signal are depicted in Figure 9. Similar to the case of partial
demagnetization, the static angular eccentricity fault distorts the VNO signal waveform.
This distortion results in faulty spectra with new harmonics related to the fault. According
to our previous study [37], the static angular eccentricity in a single-sided rotor AFPM
synchronous generator does not generate new harmonics in the spectra of either the EMF
voltage or stator current individually. However, as shown in Figure 10, which depicts
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the VNO signal spectrum, a signal depending on both the EMF voltage and stator phase
currents, new harmonics related to the fault were generated compared with the healthy
case. In both 30% and 40% static angular eccentricity faulty cases, the harmonic whose
amplitude changed more with the fault was the harmonic of a frequency of 80 Hz. The
frequency of this harmonic is equal to the operating generator frequency, considering the
rotor speed of 600 rpm. The above findings are also presented in Table 3, which summarizes
the most important fault-related harmonics in the VNO signal spectrum. It can be seen that,
except for the noticeable variation in the harmonic component at 80 Hz, there were also
other harmonic components on the VNO signal spectrum whose amplitudes increased in the
case of static angular eccentricity compared with the healthy case. Finally, the amplitude
of the 120 Hz harmonic component, which appeared with high amplitude in the case of
demagnetization, remained approximately constant in the case of static angular eccentricity.
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3.2.2. Axial Eccentricity Fault

Subsequently, the static axial eccentricity fault was studied for two different levels
of rotor–stator offset: 1 mm and 2 mm. Figure 11 shows the VNO signal waveforms for
the healthy case, depicted with blue color, and the two faulty cases, depicted with red
color in Figure 11a,b, accordingly. As with the previously examined faulty cases, in this
faulty case, the VNO signal waveforms appear distorted, and fault-related harmonics exist
in the corresponding spectra, as depicted in Figure 12. It can be observed that the fault
generated new harmonics, and the amplitudes of most of the already existing harmonics in
the healthy case increased, as can be seen in Table 4. In this eccentricity type, the harmonic
component whose amplitude was affected more by the fault was also that of frequency 80
Hz, which was equal to the generator’s operating frequency. In addition, like in the case of
static angular eccentricity, the harmonic component of a frequency of 120 Hz, which was
3/2 times the generator’s operating frequency, did not present a noticeable variation.
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Table 3. The fault-related harmonics in the VNO spectrum for a static angular eccentricity fault.

Frequency
(Hz)

Healthy
(dB)

30% Angular
Eccentricity

(dB)

40% Angular
Eccentricity

(dB)

80 −30.90 −22.79 −25.55
360 −43.68 −43.21 −43.33
400 −42.51 −39.25 −38.29
600 - −47.86 −44.19
700 −48.94 −46.75 −45.81
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Table 3. Cont.

Frequency
(Hz)

Healthy
(dB)

30% Angular
Eccentricity

(dB)

40% Angular
Eccentricity

(dB)

720 −44.48 −42.51 −42.42
760 - −47.87 −48.41
860 −48.18 −45.70 −44.12
880 −34.68 −32.55 −33.13

1000 −40.05 −38.83 −39.93
1080 −44.40 −43.82 −42.52
1220 - −42.58 −45.44
1360 −35.48 −34.14 −34.84
1420 −45.19 −42.86 −40.13
1460 −47.07 −44.91 −45.42
1480 −37.49 −34.50 −34.30
1540 −48.16 −41.97 −42.17
1620 −38.99 −38.06 −36.52
1700 −46.38 −45.97 −42.47
1880 −42.15 −40.74 −40.10
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Table 4. The fault-related harmonics in the VNO spectrum for a static axial eccentricity fault.

Frequency
(Hz)

Healthy
(dB)

1 mm Axial
Eccentricity

(dB)

2 mm Axial
Eccentricity

(dB)

80 −30.90 −23.34 −24.50
400 −42.51 −41.16 −36.77
600 - −46.63 −49.26
700 −48.94 −42.06 −47.09
760 - −49.61 −48.44
880 −34.68 −33.79 −34.14
900 −47.89 −44.59 −45.65
940 - −47.21 −49.47

1420 −45.19 −44.19 −41.38
1460 −47.07 −45.07 −43.83
1480 −37.49 −34.31 −35.19
1620 −38.99 −35.44 −36.62
1700 −46.38 −40.86 −45.76
1800 −38.94 −36.80 −37.10

In other words, an increased amplitude, compared with the healthy case, of the
harmonic component whose frequency equaled 3/2 of the generator’s operation frequency
(fs) in the VNO signal spectrum indicated demagnetization. Accordingly, an increased
amplitude of the harmonic component whose frequency equaled the generator’s operation
frequency (fs) indicated eccentricity.

4. Discussion

In this study, demagnetization and static eccentricity faults, both angular and axial,
were investigated in a single-stator–single-rotor AFPM synchronous machine. Both the
healthy and faulty machine models were simulated with 3D-FEM, and the stator current
and the generator’s voltage values were determined. Utilizing these values, a new signal,
the VNO voltage signal, was generated and analyzed. Using MATLAB software, this novel
signal, which was the signal of the voltage between the common star point of the stator and
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the common star point of the load, was generated, and by applying FFT, the corresponding
spectrum was plotted.

Six faulty cases were simulated in 3D-FEM software, and the signals and spectra of
the VNO voltage were studied. The first two cases concerned demagnetization of 20% and
50%, the second involved the static angular eccentricity of 30% and 40%, and the third
involved static axial eccentricity with 1 mm and 2 mm offset. In all cases, the rotor speed
was kept constant at 600 rpm, and the generator fed a 30 Ohm resistive load. In addition,
the simulated generator model was validated by comparing the stator current waveform of
phase A derived from FEM with those of the real machine.

In all the simulated faulty cases, the VNO voltage waveform appeared distorted
compared with the healthy case, while the corresponding spectra were also distorted. The
amplitudes of the majority of the harmonics already existing in the healthy case increased,
while new harmonics appeared in the spectrum of the VNO voltage signal. In the case
of demagnetization, the harmonic whose amplitude increased more was of a frequency
of 120 Hz, or, in other words, 3/2 times the generator’s operating frequency (fs). This
harmonic component did not appear with increased amplitude in the case of angular or
axial static eccentricity. In both angular and axial static eccentricity, the harmonic whose
amplitude presented the greatest increment was of a frequency of 80 Hz. In other words,
the frequency of this harmonic component equaled the operating frequency of the machine
and did not appear at a high amplitude in the case of demagnetization. Consequently,
it can be assumed that the increase in the harmonic component of a frequency of 3/2
fs could indicate demagnetization, whereas the increase in the harmonic component of
frequency fs could indicate static eccentricity. A future goal of this study is to implement
the same method in the cases of combined demagnetization and eccentricity faults and in
the detection procedure of other fault types.

The investigation of the VNO voltage signal and its spectrum, especially in an AFPM
machine, is one of the novelties of this study. The study reveals a new diagnostic means
with which demagnetization and eccentricity can be detected in cases where other means,
such as the EMF voltage spectrum or the stator current spectrum, cannot be used for
detection. The VNO voltage signal depends on the EMF voltage and stator phase currents,
and it is less sinusoidal and thus more reliable in detecting faults that the aforementioned
signals cannot identify.

To conclude, timely and accurate fault diagnosis is very important, especially when
the generator will be used in wind power energy production, and for that reason, scientific
and technical communities need more and more tools for fault diagnosis. It is commonly
known that wind turbines are often built in isolated places and therefore pose difficulties in
accessing them in the event of a fault. Therefore, on-time fault detection and diagnosis are
very important factors that will increase the reliability and efficiency of the system. Every
fault not only demands financial resources for system repair but also reduces the income of
each investment in case of a system pause.
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