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Abstract 

This work is a comparative study between the various advanced technologies of 

diagnosis of induction motors published recently and to make a classification of 

these diagnostic techniques according to their sensitivities from experimental 

results of stator short-circuit faults between stator turns. By using the logarithmic 

FFT spectrum, research discovers the best method to detect faults in their early 

stages so that we can predict their faults and anticipate breakdowns that can be 

dangerous for people or the economy. 
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1. Introduction 

The qualities of asynchronous electric motors are that they can sometimes present to the stator and the rotor 

different types of defects causing premature ageing. The search for signatures or indicators of these faults 

aims to characterize the operation of the machine by identifying the type and origin of each of the faults; this 

makes it possible to ensure good discrimination of faults or anomaly occurring at the different levels of the 

machine [1]. For the detection of the various faults and their diagnosis, it is necessary to know if a fault affects 

our system by using sensors connected directly in the supply phases and by taking the signals in real time in 

order to process them and discover the state of our machine [3]. According to specialists in machine 

diagnostics, it is not only important to detect the fault, but it is also essential to locate it and find its origin [4, 

5]. Several methods for diagnosing faults in induction motors are published and proposed by researchers in 

journals supervised by diagnostic laboratories. They proposed the classical method based on the signature 

analysis of the motor current of induction motors (MCSA) which is an online diagnostic system with various 

advanced signal processing algorithms. Over the past decades; much work has been done to find the best 

diagnostic technique [6, 7]. Another study proposed a more advanced signal processing method based on the 

Park-Hilbert "Park-Hilbert" transformation (PVSMP-H). This group of researchers used "Park vector square 

modulus" (PVSM) and line current to obtain "motor square current signature analysis" (MSCSA) [8-11]. 

Researchers have invented the "Park vector product approach (PVPA) for the diagnosis of induction motors" 

which is based on an improved combination of the Hilbert transform and Park [12-18]. Another very advanced 

technique called "Hilbert Park vector product approach" (HPVPA) which was inspired by their previous 

technique. We will carry out a study in order to make a comparison between the various advanced 

technologies and to make a classification of these diagnostic techniques according to their sensitivities using 

experimental results of stator short-circuit faults between stator turns. Using the logarithmic FFT spectrum, 

we can discover the best method to detect faults in their early stages to be able to predict their faults and 

anticipate breakdowns that can be dangerous on people or the economy. 
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2. Material and methods 

2.1. Description of the signal extraction tool 

The various faults which affect the MAS will give rise to an influence on the signals coming from this ME by 

modulating their amplitudes at the characteristic frequencies of these faults. It is necessary to take care with a 

very satisfactory resolution to make appear clearly the various additional lines the side bands to be able to 

analyze easily and make the diagnosis of our machine. As an example, we are going to do tests with our 

experimental bench which has a MAS with two broken bars at full load and then at low load. For this, we will 

choose a sampling frequency: Fe = 1000 Hz, an acquisition time of Ta ≈ 10 seconds, which implies that the 

total number of samples (Ne = Fe * Ta): the resolution of our results is therefore equal f = Fe / Ne = 0.1 Hz. 

2.2. Parameter and operating speed of the motor used 

The motor used in Electrical Engineering Laboratory Biskra University, is three-phase, 3 kW, 50 Hz, 2 poles, 

squirrel cage with 28 bars at the rotor and 360 turns in series per phase as shown in Table 1.  

Table 1. Motor Parameters  

Symbols Parameters Values 

Vn  Nominal voltage 230/380 V  

In  Nominal current 6.40A  

ωn  Nominal current 1430tr/min  

Nr  Number of rotor bars 28  

p  Number of pole pairs 2  

fs  Supply frequency 50 HZ  

 

Fig .1 - Fig .10, show the evolution of signatures and their amplitudes and specific frequencies of the different 

approaches depending on the state of the motor and taking: 

1) - Stator fault: - short circuits between 4 turns of a stator winding.  

2) - Motor under different operating conditions:  

- at low load (25%) with  slip s = 0.014.  

- at full load (100%) with slip s = 0.034. 

3. Results 

To show the sensitivity of the new approaches or methods compared to the other techniques, we made a 

comparative study between the different approaches in order to know which approach enjoys the best 

sensitivity. The different techniques are presented in Fig. 1 – Fig. 10. 

In order to make a good comparison between these approaches, we must also choose the specific signature 

frequencies with the greatest amplitude. The frequencies of the characteristic signatures of stator faults are 

given in Table 1 below: 

Table 2. Frequencies characteristic of faults 

Approaches Stator fault 

Short circuit between turns 

PVPA                   (2016)  2𝑓𝑠±𝑓𝑟 a  

HPVPA                 (2019) 𝑓𝑟  

𝐏𝐕𝐒𝐌𝐏−𝐇                (2010) 𝑓𝑟  

MSCSA                 (2013)  2𝑓𝑠±𝑓𝑟 a  

MCSA  𝑓𝑠±𝑓𝑟 a  
a: we take the signature with the greatest amplitude (with + or -) 

Fig. 1 and Fig. 2 present the MCSA spectrum to us and allow us to see the specific frequencies of the 

signatures for each type of defect given in the theoretical part of this present work which confirms the 
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correctness of the mathematical equations. 

According to Tab. 1 and Fig. 1, the frequency of the MCSA signature whose greatest amplitude is 

theoretically equal to fs ± fr. 

* At low load the slip is worth g = 0.014, the frequency whose signature is: 𝑓𝑐𝑐𝑠 = 25.1 Hz 

- with 4 short-circuited stator turns: -65.13 dB. 

* At full load, the slip equals g = 0.034, the frequency is equal to: 𝑓𝑐𝑐𝑠 = 9. 25.1 Hz, the frequency found 

according to Fig. 2: 

- with 4 short-circuited stator turns: -68.99dB. 

 
 

Figure 1. Experimental logarithmic spectrum of the 

MCSA of a motor with 4 short-circuited stator turns 

at low load 

Figure 2. Experimental logarithmic spectrum of the 

MCSA of a motor with 4 short-circuited stator turns at 

full load 

According to Table 1, Fig. 3,  and Fig. 4, the frequency of the signature of MSCSA whose largest amplitude is 

theoretically equal to      2𝑓𝑠 ± 𝑓𝑟 

* At low load the slip is worth s = 0.014 s, the theoretical frequency:  

f ccs = 124.5 Hz, the analytical simulation frequency according to Fig. 3:  

- with 4 short-circuited stator turns: -56.98 dB. 

* At full load the slip is equal to the calculated theoretical frequency: f ccs = 75.8 Hz  

- with 4 short-circuited stator turns: -67.49 dB 

  
Figure 3. Experimental logarithmic spectrum of the 

MSCSA of a motor with 4 short-circuited stator turns 

at low load 

Figure 4. Experimental logarithmic spectrum of the 

MSCSA of a motor with 4 short-circuited stator turns 

at full load 
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According to Tab. 1 Fig. 5 and Fig. 6, the frequency of the PVPA signature whose greatest amplitude is 

theoretically equal to 2𝑓𝑠 ± 𝑓𝑟 

* At low load the slip is worth in the healthy state s = 0.014 s, the theoretically calculated frequency:  

Fccs = 124.5 Hz, the analytical frequency of the simulation according to Fig. 5:  

- with 4 short-circuited stator turns: -45.86 dB 

* At full load s= 0.034 s, the calculated frequency: fccs = 75.8 Hz,  

- with 4 short-circuited stator turns: -60.49 dB 

  
Figure 5. Experimental logarithmic spectrum of PVPA 

of a motor with 4 short-circuited stator turns at low load 

Figure 6. Experimental logarithmic spectrum of 

PVPA of a motor with 4 short-circuited stator turns 

at full load 

 

From Tab. 1 Fig. 7 and Fig. 8, the frequency of the signature of PVSMP-H, the largest amplitude of which is 

theoretically equal to 𝑓𝑟 fccs = 24.7 Hz , the analytical simulation frequency according to Fig. 7:  

* At low load s = 0.04 s, the theoretically calculated frequency:  

- with 4 short-circuited stator turns: -50.65 dB 

* At full load s = 0.034 s, the calculated frequency: fccs = 24.7 Hz, the frequency of the simulation according 

to Fig.8:  

- with 4 short-circuited stator turns: -37.93 dB 

  
Figure 7. Experimental logarithmic spectrum of the 

𝐏𝐕𝐒𝐌𝐏 − 𝐇 of a motor with 4 short-circuited stator 

turns at low load 

Figure 8. Experimental logarithmic spectrum of the  

𝐏𝐕𝐒𝐌𝐏 − 𝐇 of a motor with 4 short-circuited stator 

turns at full load 
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According to Tab.1 Fig. 9 and Fig. 10, the frequency of the signature of HPVPA whose greatest amplitude is 

theoretically equal to 𝑓𝑟. 

* At low load the slip is worth in the healthy state s = 0.014, the calculated theoretical frequency of the 

signature: 

fccs = 24.7 Hz, the calculated theoretical frequency of the signature according to Fig.9. 

- with 4 short-circuited stator turns: -42.26 dB. 

* At full load and in the healthy state the slip equals s = 0.034, the theoretical frequency: 

fccs = 24.7 Hz, the simulation frequency found according to Fig.10: 

- with 4 short-circuited stator turns: -46.01dB  

  
Figure 9. Experimental logarithmic spectrum of the HPVPA 

of a motor with 4 short-circuited stator turns at low load 

Figure 10. Experimental logarithmic spectrum of the HPVPA of a 

motor with 4 short-circuited stator turns at full load 

4. Discussion 

After having obtained all the specific signatures of the various approaches to various induction motors defects, 

choosing the signatures of which the amplitude is the greatest, we draw illustrative graphs which show the 

sensitivity of each method for each type of fault. Fig.11 clearly show us this work of comparison between 

these different techniques carried out previously. One can easily notice that the curve of HPVPA is classified 

in the first position than in the second position of sensitivity the method PVSMP-H. In third and fourth position, 

we find successively PVPA then MSCSA. In the last position, we find the classic MCSA method. These 

results are logical from the history of publications of these techniques in scientific journals. 

 

Figure 11. Sensitivity curves of the various advanced diagnostic techniques with 4 short-circuited stator turn 
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Table 1. Classification of diagnostic techniques according to their experimental sensitivities  

Techniques 

of diagnostic 

Stator fault (with 4 short-circuited stator turns) Ranking of advanced 

techniques diagnostic 
Low load Full load 

PVPA  2 3 3 

MSCSA  4 4 4 

MCSA  5 5 5 

𝐏𝐕𝐒𝐌𝐏−𝐇  3 1 2 

HPVPA  1 2 1 

5. Conclusion 

After our comparative study between advanced diagnostic techniques (PVPA, MSCSA, MCSA, HPVPA, 

PVSMP-H) for the diagnosis of stator faults (with 4 short-circuited stator turns) in the two operating states, low 

load and full load. Thanks to the sensitivity curves of the various advanced diagnostic techniques with 4 short-

circuited stator turn (Experimental results) where we found the HPVPA technique classified at the first 

position then PVSMP-H at the second position, so the methods PVPA then MSCSA have successively the third 

and then the fourteenth position of sensitivity. 

Finally, we have already got our hands on a unique HPVPA method whose sensitivity dominates all other 

modern techniques, which have been classified, according to their sensitivity, successively PVSMP-H, PVPA, 

MSCSA and MCSA. Investigations related to induction machine have reported that a large percentage of their 

faults, which are caused by stator winding faults. Finally, the MCSA method has poor sensitivity for stator 

faults since it occupies the fifth position. 

This comparison allowed us to find the best method of detecting stator faults and which has excellent 

sensitivity to protect our systems. We can discover the best method to detect faults in their early stages to be 

able to predict their faults and anticipate breakdowns that can be dangerous on people or on the economy. 
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