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Abstract— This paper provides an in-depth analysis of the
electrical and mechanical behavior of induction motors under DC
bus short-circuit conditions. It introduces a novel detection
method that utilizes the Hilbert-Huang spectral envelope of the
stator current to identify and locate DC bus short-circuits. The
simulation results confirm the effectiveness of this fault detection
and localization approach, demonstrating its ability to address
various operational degradations in induction motors caused by
DC bus short-circuits.
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. INTRODUCTION

Electric drives comprising power supply, static converters,
asynchronous machines, and loads are currently the most
widely used tools for electromechanical conversion in
industry. Their popularity stems from their simple
construction, optimal maintenance and purchase costs, and

mechanical robustness. Variable speed asynchronous
machines are now applied in various fields, including
aeronautics,  robotics, and high-precision  industrial

mechanisms [1].

As these drives become more prevalent across diverse
applications, issues related to aging and failure increasingly
impact operational constraints. To enhance the reliability of
systems that integrate inverter-asynchronous  motor
assemblies, the implementation of operational safety devices
is often necessary. These measures help improve system
availability, reduce maintenance costs, and ensure the safety
of both equipment and personnel [2].

However, both electrical and mechanical equipment
encounter a range of external and internal stresses throughout
their lifespan, which can result in failure. The industrial sector
places a strong emphasis on the reliability, maintainability,
availability, and safety of these systems. As a result, there is
an increasing focus on techniques for assessing the condition
of these drives [3].

Significant advancements have been made in diagnosing
variable-speed  electric  drives, particularly regarding
asynchronous motor faults. These include issues such as the

breakage of one or more consecutive rotor bars, damage to a
portion of the short-circuit ring, short-circuits between turns in
the windings, and various types of eccentricities. Additionally,
faults in static converters (power supplies) have been
addressed, including open circuit faults in IGBTS, short-circuit
faults in IGBTSs, phase insulation faults, and DC bus short-
circuit faults [4].

Static converters (inverters) are essential components of
variable speed electrical drive systems. Reliability data from
the literature highlights the need to implement fault tolerance
measures. The distribution of inverter faults is as follows: 60%
are due to DC bus short circuits, 53% are due to control circuit
issues, 38% arise from power circuit failures, 31% are linked
to IGBT faults, 9% fall under other categories, and 6% are
attributed to diode failures [5].

Several monitoring methods are based on a model of the
system in question. The basic principle of these approaches is
to compare the online data collected from the installation with
a behavioral model. The effectiveness of the monitoring
system largely depends on the quality of the model used. In
some cases, the identification of faults may require the use of
a model of the faulty system. Different levels of knowledge
about the faults can be used, but it is important to note that
obtaining an accurate model of the fault behaviour can often
be difficult and expensive [6].

In recent years, a new technique known as Motor Current
Signature Analysis (MCSA) has gained popularity. This
method is particularly effective because the stator current
holds valuable information about nearly all potential faults in
inverter and induction motors. Analyzing stator currents in the
frequency domain remains the most widely used approach,
especially under steady-state conditions, as the resulting
spectrum provides insights into the majority of electrical and
mechanical faults that may arise within an inverter and
induction machine assembly. [7].

within an inverter and induction machine assembly. The
main advantage of this technique is its ability to detect a wide
range of electromechanical faults using only the stator current
and electromagnetic torque. This eliminates the need for
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additional sensors dedicated to measuring mechanical
quantities or vibrations. Another advantage is that current
sensors are already integrated into all electric drive control
systems, allowing for measurement without interrupting
machine operation [10].

This paper focuses on the diagnosis and localization of
faults associated with DC bus short-circuits in inverter and
induction motor assemblies. It presents the use of the Hilbert-
Huang spectral envelope of stator current to identify and
pinpoint issues arising from these short-circuits. The
simulation results demonstrate that this approach effectively
detects and addresses various operational degradations in
inverter and induction motor assemblies caused by DC bus
faults.

Il.  INVERTER MODELING

Fig. 1, illustrates a block diagram of a two-level three-
phase voltage inverter.
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Figure. 1: Two-level three-phase voltage inverter.

The simplified diagram of the three-phase inverter shows a
relationship between the phase-to-neutral voltages at points A,
B, and C and their values relative to the midpoint (0). This
relationship is expressed by the following matrix equation
[11]:

The voltages Va, Vs, and Vc represent the output voltages

of the inverter used to supply and control the induction motor.
Given that [12]:
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The control signals Si (i = a, b and c) are given by:
Si= Kiis ON and K;’ is OFF
Si= Kj is OFF and K;’ is ON

The voltages output by the inverter are as follows:
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To determine the phase-to-phase voltages between two
phases, use the following relationship [13]:

Vag =Va-Vs
Ve =Vg V¢ )
Vea =Ve -Va
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vector of line voltages [V,g Vg andVe, | is given by:
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A. Inverter control
This article proposes a vector pulse width modulation
(PWM) strategy, which involves the following steps [14]:
\Y,
Step 01: Calculation of ' and q as functions of Vv, and

\A using the following equation:
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Step 02: Calculation of 'k, 'k+1 and 0 using the following
equations:
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Step 03: Calculation of the on/off times for the six IGBTs by
adjusting the duty cycle registers, as outlined in the following
table:



TABLE I.

ON/OFF TIMES

SECTORS

DUTY CYCLE

t
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B. Induction motor model

The three-phase stator voltages of an induction machine,
under balanced conditions, can be expressed as follows:

Vq = «/Evrmssin(wt)
2
Vo = \/Evrmssin [wt - nj (11)
3
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The relationship between the off and a, b and c reference
frames is given by the following equation:
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The voltages on the direct and quadrature axes are then
given by:

Vy4 _E cost sinf ||V, (13)
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The instantaneous values of the stator and rotor currents in
a three-phase system are ultimately determined using the
following transformation:
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The equations for the various flux linkages are expressed
as follows:
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Next, substitute the flux linkage values to calculate the
currents:

igs = >(1|3<qu ‘qu)Xm = [1 1 B (17)
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Using the above equations, the electromagnetic torque and
rotor speed can be determined as follows:
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Fig. 2, presents the simulation results for the inverter-
induction motor system using the Space Vector Modulation
(SVM) technique.
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Figure. 2: Stator current, speed and torque in the case of healthy inverter.

We simulated an induction motor model connected to a
voltage inverter controlled by the vector PWM technique
under no load conditions. At t = 1s, a resistive torque of
20 Nm was applied. When comparing these results to those
from a model without an inverter, we observe that while the
overall trends are similar, there are noticeable oscillations
around the average value. These oscillations are primarily
attributed to harmonics present in the voltages supplied by the
inverter.

C. Inverter with DC bus short-circuit

Faults upstream of the inverter, such as network-level
issues or accidental grounding of one point on the DC bus, are
generally outside the scope of this study. These faults are
typically managed by contactors at the actuator input, which
enable isolation of the system.

On the other hand, a DC bus short circuit can have various
causes, such as connection faults or capacitor failures in the
rectifier diodes. The effects of such a short circuit are similar
to those experienced with a short circuit in the inverter leg. In
the AC network, the actuator’s contactors (for the induction
motor) ensure isolation to prevent damage to the power
generation system. Within the Rectifier-Inverter-Motor
assembly, control functions cease as no voltage can be applied
to the motor phases.

Blocking the inverter alone will not stop the current flow.
In the simulations, we address this by opening the contactors
and blocking the inverter immediately after a fault occurs.
This action cancels all phase currents. Once the DC voltage
drops below the threshold set by the electromotive force
amplitude, the inverter switches to a three-phase diode bridge
configuration. The amplitude of the phase currents then
depends on the fault resistance; thus, if the fault resistance is
low, the currents can be substantial. These currents produce a

braking torque that decelerates the machine. The fault
condition ends when the machine stops.

Fig. 3, presents the simulation results for a DC bus short
circuit fault with a fault resistance of Ric=0.1 Q
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Figure. 3: Stator current, speed and torque in the case of faulty inverter with
short-circuit Rs:=0.1 Q.

Fig. 4, presents the simulation results for a DC bus short
circuit fault with a fault resistance of Ry=0.01 Q
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Figure. 4: Stator current, speed and torque in the case of faulty inverter with
short-circuit Ry,=0.01 Q.



The simulation results are illustrated in Figures 3 and 4
specifically show the curves for stator current, rotational
speed, and electromagnetic torque.

In the abnormal regime, the onset of the degraded state
leads to a transient imbalance in the currents, resulting in even
higher intensity values. Additionally, this short-circuit
condition is characterized by significant oscillations in both
torque and stator current.

I11.  DETECTION TECHNIQUE BASED ON FFT AND ENV

In this section, we will explore two signal processing
techniques.

A. Fast Fourier Transform algorithm (FFT)
Fig. 5 illustrates the fast Fourier transform algorithm.
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Figure. 5: Algorithm of FFT.

To implement the Fast Fourier Transform (FFT) for
vectors of length N using MATLAB, follow the instructions
provided in the equations below [15]:

y = fft(x)
(23)
Where:
0 = 2 x(iofy (24)
. 1)N —(i—1)(K—
X(J) = (N] jz::1X(k)a)N(J 1)(k-1) (25)
oy = e(727ri)/N (26)

B. Envelope analysis (ENV)

The Hilbert transform of a signal x(t) is defined by the
following equation [16]:

H [x(t)] _ 1 x()
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VAN
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A

Where: x(t) represents the imaginary component of the
analytic signal and z(t) which is defined as follows [16]:

2(t) = x(t) + j ;(\(t) = x()+ H[x®] = A©)e®  (29)

Where: H [x(t)] is the Hilbert transform of x(t) .

o(t) = arctg & (29)
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In practice, the envelope method involves several
processing steps of the raw time signal before obtaining the
final result. These steps are summarized below [17]:

Step 01: Filtering the raw signal to remove unwanted
components;

Step 02: We use the Hilbert transform to compute the
envelope;

Step 03: The envelope spectrum is calculated, from which
fault information can be extracted.

Fig. 6, illustrates the FFT and ENV spectrum for both the
healthy condition and the DC bus short circuit fault condition.
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Figure. 6: FFT and ENV spectrum for both the healthy case and faulty case.

The key characteristics of Hilbert Huang's spectral
envelope method are outlined as follows:

e Elimination of the fundamental frequency (50 Hz)
from the current spectrum;

o Shift all frequency signatures left by 50 Hz;

e The removal of the fundamental frequency enhances
the visibility of typically weak defect frequency
signatures;

e The enhanced visibility of defect frequency
signatures enables the use of a linear scale instead of
a semi-logarithmic scale;

e By eliminating the fundamental frequency, a distinct
frequency component characteristic of the fault is
revealed, rather than the three multiple sidebands.
This is exemplified by the signature of a DC bus
short circuit fault.

The spectral analysis and spectral envelope of the stator
current during a DC bus short-circuit fault are illustrated in
Fig. 6. The FFT spectrum reveals the presence of f; (50 Hz)
and 3fs (150 Hz). In the Hilbert-Huang spectral envelope, the
fundamental harmonic fs (50 Hz) is not visible due to the
envelope effect, which enhances the visibility of other
components and shifts all frequencies by 50 Hz. This shift
explains the presence of the harmonic (fs + 2fs = 150 Hz) at the
frequency of 2f; (100 Hz).

IV. CONCLUSION

This paper deals with the diagnosis and detection of DC
bus short-circuits faults in a three-phase, two-level inverter-
fed induction motor controlled by the SVM strategy.

Firstly, the effect of DC bus short-circuits faults on the
inverter-induction motor system. Simulation results show that
the current waveforms of the motor indicate it is not feasible
to maintain long-term service continuity in the presence of a
DC bus short-circuit fault.

The paper also introduces a diagnostic technique based on
FFT and ENV for detecting DC bus short-circuit faults in

inverters. The study specifically examines the harmonics
present in the Hilbert-Huang spectral envelope, which may
emerge in the spectrum as a result of these faults.

As perspectives, the following studies are focusing on
distinguishing between DC bus short-circuit faults and inter-
turn short-circuits in stator coils combining the signal
processing techniques and artificial intelligence.

APPENDIX
Rated Power 3 KW
Supply frequency 50 Hz
Rated voltage 380V
Rated current 7A
Rotor speed 1440 rev/min
Number of rotor bars 28
Number of stator slots 36
Power factor 0.83
Number of pair of poles 2

List of abbreviations

SVM: Space vector modulation;

PWM: Puse width modulation;

MCSA: Motor current signature analysis;
IGBT: Insulated gate bipolar transistors;
ENV: Envelope analysis;

FFT: Fast fourier transform.

List of symbols

i: Sector number;

E: DC voltage;

V.s: Reference vector;

6: Angular position of the V,..;

R,: Short-circuit resistance;

N: Number of signal points;

t: Variable time;

f: Variable frequency;

H[x(t)]: Hilbert transform of a signal x(t);

A(t): Analytical signal module;

@(t): Phase and instantaneous frequency of the signal;
fs: Fundamental frequency of the electrical network;
P: Number of poles of Machine;

T.: Electromagnetic torque;
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