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Abstract— This paper provides a comprehensive analysis of the 

electrical and mechanical behavior of induction motors under 

unbalanced fault conditions. We propose a novel detection 

method that utilizes the Hilbert-Huang spectral envelope of the 

stator current to identify and localize the unbalance faults. The 

results demonstrate the efficacy of this fault detection and 

localization approach, highlighting its ability to effectively 

address the various operational degradations of induction 

motors caused by this related fault.                                                                                                                       
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I. INTRODUCTION  

The electric machine is a crucial component in electric 
drives and electromechanical energy conversion. Given its 
pivotal role in production chains, it can also become a 
potential weak link. This is why monitoring of electrical 
machines has advanced significantly in the industrial sector. 
Enhancing the operational safety and extending the service 
life of these drives have become increasingly crucial. Among 
these, the cage asynchronous motor is particularly favored 
due to its robustness and cost-effectiveness [1]. 

In recent decades, significant research has focused on the 
early detection and diagnosis of faults in induction motors. 
Various techniques are employed for this purpose, including 
vibration analysis, acoustic analysis, and thermographic 
analysis. However, these methods are primarily 
recommended for identifying mechanical faults, such as 
bearing issues and imbalance [2]. 

In recent years, a new technique has gained traction, 
which leverages the analysis of stator current. This approach 
is noteworthy because both stator current provide 
comprehensive information about nearly all potential faults 
in asynchronous motors. The analysis of stator currents in the 
frequency domain is still the most widely used method, 
particularly for stationary conditions. This approach is highly 
effective because the frequency domain spectrum reveals 
critical information about most electrical and mechanical 
faults that can occur in an electrical machine [3]. 

Numerous studies have demonstrated that analyzing the 
stator current of asynchronous machines effectively reveals 
the majority of electrical and mechanical faults in electric 
drives.  This approach to monitoring electric drives has been 
extensively covered in publications over the past decade. 
However, it’s potential to identify a broader range of faults 
that could impact not just the motor but the entire 
transmission system remains underexplored [4]. 

The primary advantage of this technique is its ability to 
detect a wide range of electromechanical faults using only the 
stator current. This eliminate the need for 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 [5]. 

This paper addresses the diagnosis and localization of 
faults related to power supply imbalances in squirrel-cage 
induction motors. It introduces the use of the Hilbert-Huang 
spectral envelope of stator current to identify and pinpoint 
issues caused by the unbalanced power .. 

II. VOLTAGE SUPPLY FAULT 

We will analyze the electrical and mechanical behavior of 
asynchronous motors when subjected to imbalances and 
power phase cuts, focusing on scenarios involving voltage 
supply faults during stationary operating periods[6]. 

A. Single-phase voltage fault  

The voltages of the actual three-phase machine are 
described by the following equation [7]: 

{

 K ∗ Va(t) = Vm sin(2πft)               

Vb(t) = Vm sin(2πft − 2π
3⁄ )      

Vc(t) = Vm sin(2πft − 4π
3⁄ )        

                               (1) 

For a single-phase fault, K is a real factor within the 
interval [0, 1]. 

B. Two-phase voltage fault  

The voltages of the three-phase machine are represented 
by the following equation [7]: 

{

 K ∗ Va(t) = Vm sin(2πft)                    

K ∗ Vb(t) = Vm sin(2πft − 2π
3⁄ )    

Vc(t) = Vm sin(2πft − 4π
3⁄ )            

                          (2) 
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For a two-phase fault, K is a real factor within the interval 

[0, 1]. 

C. Three-phase voltage fault   

The voltages of the three-phase machine can be described 
by the following equation: 

{

 K ∗ Va(t) = Vm sin(2πft)                          

K ∗ Vb(t) = Vm sin(2πft − 2π
3⁄ )           

K ∗ Vc(t) = Vm sin(2πft − 4π
3⁄ )            

                    (3) 

For a three-phase fault, K is a real factor within the 
interval [0, 1]. 

III. DETECTION TECHNIQUES EMPLOYING STATOR 

CURRENT SPECTRUM AND ENVELOPE SPECTRUM ANALYSIS 

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

A. Fast Fourier Transform algorithm (FFT) 

Fig. 1 illustrates the fast Fourier transform algorithm. 

 

Fig. 1. : 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 [8]: 
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B. Envelope analysis (ENV)  

The Hilbert transform of a signal x(t) is defined by the 
following equation: 
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Where: ( )x t


 represents the imaginary component of the 

analytic signal and ( )z t  which is defined as follows[9] [10]: 
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Where:  ( )H x t  is the Hilbert transform of ( )x t . 
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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[11]: 

• Step 1: Filtering the raw signal to remove unwanted 
components; 

• Step 2: We use the Hilbert transform to compute the 
envelope; 

• Step 3: The envelope spectrum is calculated, from 
which fault information can be extracted. 

IV. SIMULATION RESULTS AND DISCUSSION 

The parameters of the induction motor used in the 
simulation are presented in Table I . 

Table I. 

TABLE I.  PARAMETERS OF INDUCTION MOTOR 

Supply voltage 380V 

Coupling Δ 

Nominal power 3kW 

Nominal current 7A 

Nominal speed 1410 rpm 

Stator resistance 6 Ω 

Rotor resistance 2.8Ω 

Stator cyclic inductance 0.5668Ω 

Rotor cyclic inductance 0.5142Ω 

Mutual inductance 0.5142Ω 

Number of pole pairs 2 

Moment of inertia 0.058 K2
gm 

Viscous friction coefficient 0.005 Nm.s.rad 

Fig. 2, presents the simulation results for supply voltage 
unbalance (K=0.5) illustrating the disturbances caused by 
single-phase voltage faults. 

Supply voltage unbalance 

 

 



 

 

Fig. 2: Stator current, speed and torque in the case of supply                       

voltage unbalance 

Fig. 3, presents the simulation results for supply voltage 
unbalance (K=0.5) illustrating the disturbances caused by 
two-phase voltage faults. 

Supply voltage unbalance 

 

 

 

Fig. 3: Stator current, speed and torque in the case of supply                   

voltage unbalance 

Fig. 4, presents the simulation results for supply voltage 
unbalance (K=0.5)  illustrating the disturbances caused by 
three-phase voltage faults. 

Supply voltage unbalance 

 

 

Fig. 4: Stator current, speed and torque in the case of supply                      

voltage unbalance 

The simulation results are shown in Figures 2, 3 and 4, 
which provide a comprehensive representation of the motor's 
behavior under both normal and abnormal operating 
conditions. These figures detail stator currents, speed and 
electromagnetic torque, providing insight into the motor's 
dynamic response during fault scenarios. In our case, the fault 
is introduced when the motor reaches a steady state at t = 1.5 
s and removed at t = 1.6 s. Under normal conditions, the 
motor operates in a steady state characterized by stable 
electrical and mechanical quantities. The stator currents have 
a periodic sinusoidal waveform, the speed stabilizes at its 
nominal value, and the electromagnetic torque oscillates 
minimally around its mean value, ensuring smooth operation. 
In addition, faults such as unbalance have a pronounced effect 
on the mechanical performance of the motor, causing a 
reduction in speed and fluctuations in the electromagnetic 
torque, with the specific effects varying according to the type 
of fault. Analyzing the fault conditions reveals distinct 
changes in the stator current behavior for each fault scenario 
compared to normal operation, serving as clear indicators of 
the presence of the fault. 

Fig. 5, depicts the FFT spectrum and ENV for the 
unbalanced. 

Supply voltage unbalance 

 

 
Fig. 5: FFT and ENV of the stator current 

The key characteristics of Hilbert Huang's spectral 

envelope method are outlined as follows: 



 

• Elimination of the fundamental frequency (50 Hz) 

from the current spectrum; 

• Shift all frequency signatures left by 50 Hz; 

• The removal of the fundamental frequency enhances 

the visibility of typically weak defect frequency 

signatures; 

• The enhanced visibility of defect frequency 

signatures enables the use of a linear scale instead of 

a semi-logarithmic scale; 

• 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 an imbalance 

phase fault. 

The spectral analysis and spectral envelope of the stator 

current during a phase imbalance fault are illustrated in Fig. 

5. The FFT spectrum reveals the presence of fs (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 2fs (100 Hz). 

V. CONCLUSION 

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

Firstly, the effect of imbalance phase 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 an imbalance phase fault. 

The paper also introduces a diagnostic technique based on 
FFT and ENV for detecting imbalance phase faults in 
inverters. This diagnostic technique provides a powerful tool 
for identifying phase imbalance faults in inverter-driven 
motors. By focusing on the distinct harmonic signatures 

introduced by faults and leveraging the complementary 
strengths of FFT and ENV, the method improves both fault 
detection sensitivity and diagnostic accuracy, making it a 
robust solution for modern industrial systems. 
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