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Abstract. Induction machines are enjoying growing interest mainly due to their robustness, their weight to power ratio and their manufacturing cost. 
However, several faults affect the reliability of these machines. In order to identify these defects, the power spectral density, based on the 
Periodogram technique is used for its simplicity and its short computing time. However, it is limited in frequency resolution in cases of low motor slip 
(harmonic close to the fundamental), in the case of very noisy signals (false alarms) and in the detection of incipient faults (low amplitude harmonics) 
which makes the diagnosis inefficient. To improve the frequency resolution of the spectral analysis, we highlight in this paper the impact of the 
choice of the weighting windows in order to have a reliable diagnosis of induction motor's rotor faults. The experimental results will then show the 
properties of each window to improve the frequency resolution and thus correct the Periodogram's limits.  
 
Streszczenie. Maszyny indukcyjne cieszą się coraz większym zainteresowaniem głównie ze względu na ich solidność, stosunek masy do mocy oraz 
koszt wykonania. Jednak kilka usterek wpływa na niezawodność tych maszyn. W celu identyfikacji tych defektów wykorzystuje się gęstość widmową 
mocy, opartą na technice Periodogram, ze względu na jej prostotę i krótki czas obliczeń. Jest jednak ograniczona w rozdzielczości częstotliwości w 
przypadkach niskiego poślizgu silnika (harmoniczna zbliżona do podstawowej), w przypadku bardzo zaszumionych sygnałów (fałszywe alarmy) oraz 
w wykrywaniu początkowych usterek (harmoniczne o niskiej amplitudzie), co sprawia, że diagnoza jest nieskuteczna . Aby poprawić rozdzielczość 
częstotliwościową analizy spektralnej, w niniejszym artykule zwracamy uwagę na wpływ doboru okien ważenia na wiarygodną diagnozę uszkodzeń 
wirnika silnika indukcyjnego. Wyniki eksperymentalne pokażą następnie właściwości każdego okna, aby poprawić rozdzielczość częstotliwości, a 
tym samym skorygować granice Periodogramu. (Poprawa rozdzielczości częstotliwości w diagnostyce usterek silnika indukcyjnego: 
walidacja eksperymentalna) 
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Introduction 

Nowadays, induction motor is widely used in most 
electric drives applications, especially at constant speed. 
Advances in power electronics associated with modern 
control techniques have led to the consideration of variable 
speed applications, which were previously limited 
exclusively to DC motors and synchronous motors. Thus, 
faced with this growing interest, a general reflection is 
naturally directed towards the detection of faults and the 
monitoring of induction machines state. There are several 
techniques in fault diagnosis; vibration analysis being the 
most widely used method [1], [2], [3]. This method is mainly 
used for the detection of mechanical faults. 

Motor current signature analysis or MCSA has been 
used more and more in recent years. Its peculiarity is that 
the stator current spectrum carries information on almost all 
of the electrical and mechanical faults that can affect the 
induction motor [4], [5], [6]. Spectral analysis based on 
signal processing has been used in recent years in the 
diagnosis and monitoring of induction machines faults [7]. 
This technique is well suited to the fault diagnosis insofar as 
many phenomena result in the appearance of sideband 
frequencies directly related to the speed of rotation of the 
motor. 

Based on the calculation of the Fourier transform (FT), 
the power spectral density (PSD) is a widely used tool in 
research and industry associated with the analysis of stator 
current [8]. This is justified by the simplicity and the low cost 
of the current sensors and the harmonic content of the 
stator current. However, this technique has several 
drawbacks linked to the problem of frequency resolution. 
Indeed, the calculation of FT introduces a smoothing effect 
as well as a negative effect. These effects result in the 
appearance of sideband lobes in the stator current 
spectrum [9] and therefore reduce the clarity of the analysis. 

When analyzing a signal, it is interested to have a main 
lobe as narrow as possible and side lobe amplitudes as low 
as possible, both advantages are impossible to achieve 

simultaneously. Because of this resolution problem, the 
PSD find difficulties in detecting faults when harmonic are 
near to the fundamental (in the case of a low motor slip), of 
false alarms (in the case of highly noisy signals) and for 
harmonics of low amplitude (case of incipient faults 
detection ). 

Within this objective, this paper focuses on the choice 
criteria through experimental tests of the window weights 
and the impacts of this choice on the detection and 
localization of induction motor's rotor faults. 

  
Stator current analysis 

The spectral analysis of the stator current knows a 
growing interest these last years, because of the quantity of 
information contained in its spectrum on most of the faults 
which can appear on an induction machine. It is interesting 
to note that, as in the case of the vibratory analysis, the 
spectral components of the fault continue to increase with 
time by the increase of the fault severity [6]. The broken 
rotor bars faults of the induction motor are considered 
among the most commonly studied faults because of their 
simplicity of implementation. This fault induces changes in 
the spectral components of the stator current and thus 
generates the appearance of new sideband frequencies in 
the current spectrum relating to the broken rotor bars fault 
[7]. 

Indeed, broken rotor bars give rise to a sequence of 
sidebands frequencies given by: 
 

(1)                         sc fksf 21  
 

where: fs is the supply frequency and fc the sideband 
frequencies associated with the broken rotor bars fault, s is 
the motor slip and k = 1, 2, 3… 

When analyzing the stator current, it is just possible to 
evaluate the general condition of the rotor. If there are 
broken rotor bars in various parts of the rotor, the current 
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analysis is not able to provide information on the 
configuration of non-contiguous broken bars. For example, 
the frequency component does not exist if broken bars are 
electrically /2 radians away from each other.  

It should be noted that some experimental studies have 
demonstrated that both the skewing and non-insulation of 
rotor bars lead to a reduction of broken rotor bars harmonic 
components.  
 

Power Spectral Density Calculation 
Fourier Transform 

The Fourier transform (FT) is a powerful mathematical 
tool used to extract useful information from a signal in the 
frequency domain. It is a nonparametric method, which 
lends itself well to the analysis of stationary phenomena. 
The FT is given by the following relation [9-10]: 
 

(2)                   




 dtetxfFT ftj
x

2
 

where FTx(f) is called the Fourier Transform of the signal 
x(t), represented in our case by the stator current signal of 
the induction motor. Of course, it is impossible to analyze 
the signal over an infinite period. It is therefore necessary to 
truncate the signal prior to digital processing. 
 

Truncation operation 
The signal to be processed must be limited in time, this 

is said to be truncated. Mathematically, this amounts to do 
the following operation:  
 

(3)                              
     ttxtx TT   

 

where: x(t): is the measured signal; xT(t): is the signal to be 
processed; T: is the rectangular window; T: is the time 
length of the window. 

 

However, this truncation operation introduces negative 
effects on the signal spectrum. Indeed, these effects also 
known as side lobes appear during this operation. These 
side lobes result from the brutal impact of truncation of the 
signal that comes to replace it by zero outside the support 
of the rectangular window T. These effects reduce the 
analysis accuracy. 
 

Weighting windows 
To resolve the truncation operation effects, we use the 

weighting windows ωT(t). This implies that the weighted 
signal xp(t) is processed instead the truncated signal xT(t). 
The new signal is given by : 
 

(4)                     ttxtx TTp   
 

While performing a fault diagnosis operation based on 
peaks detection, it is more suitable to have a main lobe as 
narrow as possible and side lobe amplitudes very low to 
avoid false alarms. Unfortunately, it is almost impossible to 
have both properties in the same time. Thus, the weighting 
windows are chosen based on the nature of the processed 
where: signal and the searched compromise. 

 
Table 1. Weighting windows description 

Name Expression A (dB) L at -3dB 

Rectangular 1 - 13 0,89.f 

Hamming  t2cos46,054,0   - 43 1,30.f 

Hanning   t2cos15,0   - 32 1,44.f 

Gaussian  2exp t  - 55 1,55.f 

Table 1 gives the main weighting windows used with a 
compact support. Therefore, we consider the main lobe 
width at -3dB defined by the parameter L for the frequency 
resolution f, and the amplitude of the highest side lobe 
given by the parameter A. These windows are shown in Fig. 
1 [11]. 

 

 
 
Fig. 1. Representation of the weighting windows. 
 
Discrete Fourier Transform 

To determine the Fourier transform of a signal using a 
digital computer, the number of frequencies obtained is 
limited due to the limited computing power of the computer. 
It is therefore necessary to substitute the continuous 
variable f  by a discrete variable. 

The operation dedicated to the frequency discretization 
is based on the replacement of the continuous frequency f 
by the discrete frequency k∆f (where k is an integer). The 
obtained frequencies are known as frequencies 
components of the DFT (Discrete Fourier Transform). Since 
the FT of a digital signal should be periodic with Fe period, 
the frequency resolution is given for N samples by the 
following equation:  
 

(5)                  
N

F
f e  

 

where: f : Frequency resolution; ; Fe : Sampling frequency;  
N : Number of samples (with which we calculate the DFT). 
 

The frequency discretization is than defined by a sampling 
operation  in the spectral domain. Numerically, the DFT is 
expressed by: 
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FFT Algorithm 
The Fast Fourier Transform, also known as FFT is an 

algorithm based on fast calculation of the DFT proposed by    
J.W. Colley and J.W. Tuckey in 1965. The FFT algorithm 
uses a number of points NTF equal to a power of 2, which 
results in a computing time gain compared to a classic 
calculation using the DFT, this gain in time is given by the 
following equation [11]: 
 

(7)                  TF

TF
Time N

N
Gain

2log
  

 

If the number of points obtained after the acquisition step 
is not a power of 2, the record length of the signal is 
completed with zeros in order to use the FFT algorithm; this 
procedure is called as the zero padding procedure or the 
zeros extension step. 

 

Power spectrum 
Finally, we define the power spectral density (PSD) as 

the square modulus of the Fourier Transform. The PSD is 
independent of the signal phase. In addition, it is always 
real and positive; it is given by [12]: 
 

(8)                            
N

fDFT
fPSD x

x

2

  

 

Experimental tests 
The experimental tests presented in this paper are 

carried out by the DIAGNOSIS group at the LDEE 
laboratory at the University of Sciences and Technology of 
Oran, Algeria. The motor used in these practical tests is a 
three-phase squirrel cage induction motor coupled to a 
Direct Current generator used as a load. The parameters of 
the induction motor are given in the appendix. 

In this paper, we deal with the broken rotor bar diagnosis 
issue; this fault is created artificially in our tests. 
The measurement chain includes three hall-effect current 
sensors, an anti-aliasing filter, a tachometer and an 
acquisition card. Finally, a computer is used to process the 
acquired signals. this test bench is shown in Fig. 2. 

The motor operating modes used to validate the 
diagnosis procedure are: 

- Healthy engine operation. 
- Motor operating with 01 broken bar at a motor slip of 

4.06%. 
- Motor operating with 01 broken bar at a motor slip of 

2.13%. 
 

 
Fig. 2. Experimental setup description. 

Interpretation and discussion 
Figure 3 shows the estimation of the power spectral 

density PSD using the periodogram in the case of 1 broken 
rotor bar. For this purpose, the spectral analysis is carried 
out using the four weighting windows studied in this paper. 
According to eq. (1), the rotor bars fault is located on both 
side of the fundamental at a particular frequency. For this 
test, the motor slip is 4.06% which gives a sideband 
frequency signatures around 45.94Hz  and 54.06Hz for k=1. 
This frequency signature is repeated for the values of 
k=2,3...etc. Indeed, the parameter k represents the 
multiplicity of the fault frequency signatures on the 
spectrum. 

  

 
 

 
 

 

 
 
Fig. 3 : Stator current PSD with various weighting windows for 1 
broken rotor bar and a motor slip of 4.06 % 
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Figure 4 : Stator current PSD with various weighting 
windows for 1 broken rotor bar and a motor slip of 2.13 % 
 

For the rectangular window, the frequencies are barely 
detectable. Whereas for the other windows, the detection of 
these frequencies is easier. It should be noted that the 
Hanning window is distinguished by a larger main lobe 
compared to the Hamming and Gaussian windows. On the 
other hand, this same Hanning window gives the sideband 
frequencies with the greatest amplitude. 

For the last test shown in Fig. 4, the power spectral 
density PSD per Periodogram of the stator current in the 
case of 1 broken rotor bar is highlighted. In this test, the 
motor slip is equal to 2.13% which gives sideband 
frequencies close to the fundamental. These frequencies 
calculated using eq. (1) are located around 47.87Hz and 
52.13 from either side of the fundamental. For this low value 
of the motor slip, the sideband frequencies of the broken 
rotor fault are too close to the fundamental. 

Under these conditions, localization using the 
rectangular window is almost impossible due to the position 
of the sideband frequencies regarding  the fundamental. For 
the Hamming and Gaussian windows, the localization is 
difficult and less obvious compared to the Hanning window. 

Indeed, the Hamming and Gaussian windows offer a 
narrow main lobe and therefore are best suited for cases of 
low motor slip. 

Finally, the Hanning window is more suitable in the case 
of incipient faults, given the large amplitude of the side 
lobes. 

 
Conclusion 

This paper investigates the influence of the weighting 
windows choice on the frequency resolution of the stator 
current spectrum. In this aim, we present three weighting 
windows used to resolve the resolution problems due to the 
rectangular window use. Indeed, a proper choice of the 
weighting window is necessary to study critical cases that 
may arise (e.g. case of low motor slip and incipient faults).  

To assess each window, we take into consideration the 
study of fault diagnosis of broken rotor bars and its 
identification using the power spectral density spectrum. 
Through the study of each window, we searched a 
compromise between a narrow main lobe width and side 
lobes amplitude. This compromise was clearly shown by 
the experimental results presented in this paper. It has been 
observed that the Hanning window gave side lobes of low 
amplitude but the main lobe is wider.  

Furthermore, windows Gaussian and Hamming offer the 
possibility of having a narrow main lobe but the side lobes 
has more amplitude than that obtained with the Hanning. 

Finally, we can say that the Hanning window is 
recommended for the diagnosis of incipient faults and the 
Hamming window or Gaussian window is more appropriate 
in the case of faults too close to the fundamental. The next 
step will be devoted to the development of an adaptive 
process composed of several weighting windows. This 
process will be achieved using Artificial Intelligence. 

Appendix. Induction motor parameters 

Rated power 3kW 
Supply frequency 50Hz 

Rated voltage 380V 

Rated current 7A 

Rated speed 1440 rev/min 

Number of rotor bars 28 

Number of poles pairs 2 
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