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Abstract- This paper investigates a new technique for diagnosing 
faults of three-phase induction motors. The Instantaneous Frequency 
Signature Analysis (IFSA) relates to the monitoring of the 
fundamental frequency modulation for the diagnosis of faults. The 
rotor and stator faults in induction machines involve an internal 
magnetic imbalance, which is reflected in the stator current. This 
effect may be detected by estimating the fundamental instantaneous 
frequency signature via stator current. The IFSA is a non-intrusive, 
on-line monitoring technique for the faults diagnosis. 
Keywords: Induction Motor, Faults, Instantaneous frequency 
signature analysis 

I. INTRODUCTION 

Three-phase induction motors are the most widely used 

electrical machines. In an industrialized nation, they can 

typically consume between 40 to 50% of its generated 

capacity. Consequently, they have to be safe and reliable.  

However, adverse service conditions may lead to unexpected 

machinery failure including costly repair as well as extended 

process downtime. Induction motor behavior during abnormal 

conditions and their diagnosis have been a challenging topic 

for many interested researchers. Their major faults can broadly 

be classified as the following [1]: 

- Stator faults resulting in the opening or shorting of one 

or more of a stator phase windings, 

- Abnormal connection of the stator windings, 

- Broken rotor bar or cracked rotor end-rings. 

- Static and / or dynamic air-gap irregularities, 

- Bent shaft (akin to dynamic eccentricity) which may 

result in a rub between the rotor and stator causing 

serious damage to stator core and windings. 

These faults may produce one or more of the symptoms as 

given below: 

- Unbalanced air-gap voltages and line currents, 

- Increased torque pulses, 

- Decreased average torque, 

- Increased losses and efficiency reduction, 

- Excessive heating. 

On line fault diagnostics of induction motors are very 

important to ensure safe operation, timely maintenance, 

increased operation reliability, and preventive rescue.  

In recent years, intensive research [2,3,4,5,6,7] effort has 

been focused on developing new techniques for monitoring 

and diagnosing electrical machines.  They include: 

- Motor current signature analysis (MCSA).  

- Time- frequency domain analysis of stator current 

- Classification by time-frequency representations of stator  

    currents. 

- Temperature measurement. 

- Space vector angular fluctuation detection (SVAF). 

- Vibration monitoring. 

- Diagnosis via pattern recognition, artificial intelligence 

and neural network.  

Of all the above techniques, MCSA seems to be the best 

possible option.  It is non-intrusive and uses the stator winding 

as search coil.  Moreover, it is not affected by the type of load 

and other asymmetries [4].  However, it presents some limits.  

Firstly, the ability in identifying faults greatly depends on 

load.  When it is weak, the sidebands become too close to the 

fundamental frequency to be distinguished. Secondly, the 

magnitude of the sideband components is considerably smaller 

than the magnitude of the fundamental component.  Thirdly, it 

has to be used off line because the stator current waveform 

should be stored in the mass memory of a computer for 

analysis by a diagnostic algorithm.  Both stator and rotor faults 

are characterized by low frequencies close to the fundamental 

frequency of 50 Hz.  However, this carrier frequency 

considered awkward for the MCSA becomes interesting by the 

IFSA technique. More in detail, the stator current, as a 

sinusoidal signal, contains three components; amplitude, phase 

and frequency. Grouped, the latter do not permit a better 

characterization of faults whatsoever in the time domain or 

frequency, especially for online monitoring of faults. The idea 

is to separate the three components and monitor 

instantaneously each component in order to have a signature 

that characterizes the fault and that lends itself best in the 

process of monitoring machine. In this article we discussed the 

characterization of faults by the instantaneous amplitude and 

instantaneous frequency (IFSA technique). The latter is more 

detailed, view of the relevance of its time representation, its 

progressive depending on the severity of the fault and its low 

sensitivity towards the levels of charge. However, the IFSA 

technique relates to the monitoring of the fundamental 

frequency modulation for the diagnosis of both stator and rotor 

faults. It essentially needs a sensor for measuring the stator 

current, and a data-acquisition system for acquiring the signal 

waveform. Induction motor faults. 
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II. THEORY OF STATOR AND ROTOR FAULTS 

A. ROTOR FAULT  

 Due to arduous duty cycles [8,9], broken rotor bars may 

constitute a serious problem with certain induction motors.  

Although broken rotor bars do not initially cause an induction 

motor to fail, they may have serious secondary effects. The 

fault mechanism can result in broken parts of the bar hitting 

the end winding of a high voltage motor at high velocity. As a 

consequence, serious mechanical damage to the insulation and 

a winding failure can follow, resulting in a costly repair and 

lost production. A fault on the rotor such as broken bars 

introduces asymmetrical working conditions.  The current 

rotor bars which are at the frequency )(sf  can be expressed 

into positive and negative sequence components )s( f [10] 

within the rotor, where s is the slip. Consequently, the 

negative sequence rotor current results in stator currents at 

frequency (fig.1). 

 

 

 

 

 

 

 

 

 

  

 

 

 

Fig.1. Example of spectrum of current vector with three broken bars 
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The interaction of the fs)21( −  harmonic of the motor 

current with the fundamental air-gap flux produces speed 

ripple at sf2 and gives rise to additional motor current 

harmonics at frequencies fks)21(  , k=1,2,3..  [11]. 

The motor-load inertia also affects the magnitude of these 

sidebands. Other spectral components may be observed in the 

stator line current [12]. 
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B. Stator fault 

 

In ideal conditions, the motor supply current contains only a 

positive-sequence component. In case of  stator fault such as,  

inter-turn short circuit in the motor stator winding, the supply 

current will manifest of unbalance, the stator asymmetry 

produces a component at frequency f− (i.e. a negative 

sequence component) giving rise to torque ripples at 

frequencies of sf2 and consequently producing speed ripples 

of different amplitude, being differently filtered by the 

machine-load inertia. The spectral analysis of the stator 

current is an effective tool, which is able to define all the 

frequencies, particularly those related to the fault. The 

spectrum of the phase current does not permit having the 

negative component of the current. However, the spectral 

analysis of the stator current space vector allows the 

separation of two sequences from spectra (Fig. 2). The 

positive sequence is defined in the domain  
max

,0 f  while the 

negative one is defined in the domain  0,
max

f− . However, the 

frequency of the unbalance stator is located at 2 f of 

fundamental (f). 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.2. Example of unbalanced currents space vector spectrum 

 

III.  DETECTION OF FAULTS BY INSTANTANEOUS AMPLITUDE 

A. Principle  

The stator current of phase a of induction motor can be 

developed in a Fourier series: 

 

 +=
k

akaka tkIti )sin(2)(                (3) 

Where ,...2,1=k  is the order of harmonic components and 

akak
kI ,,  are the RMS value, angular frequency and phase 

angle of the kth  harmonic component, respectively. 

 Numerical expression of (3) is: 


=

+=
Mk

k

akaka tmkImi
1

)sin(2)(            (4) 

Where 
M

k is the order of the harmonic component having 

the maximum frequency after filtering.  

Given a real signal (4), the instantaneous amplitude is the 

module of Hilbert transformed of the signal considered. Since 

the signal is broadband and contains harmonics from various 

sources (pollution source or harmonics generated by the 

machine itself), we remove unwanted harmonics by filtering 

the current signal by a low pass filter with cutoff frequency of 

100 Hz. The principle of instantaneous amplitude is illustrated 

in Figure 3. 
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Fig. 3. Principe de l’amplitude Instantanée 

 

IV. INSTANTANEOUS FREQUENCY SIGNATURE ANALYSIS (IFSA) 

The instantaneous frequency )(tf  uses the concept of the 

instantaneous phase of the signal and is defined as the 

derivative of the phase )(t figure (4) [13,14,15]. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4. Instantaneous phase of real signal 
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Where  
i

f  in Hertz 

 

Obtaining the phase )(t  from a real signal )(tx , one 

would have to associate the signal )(ty  determined by the 

Hilbert transform leading to the complex form: 
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The phase   being defined as the arctangent between  y (t) 

and )(tx , the frequency is expressed as: 
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Where: dtdxx /=  

The instantaneous symmetrical component of stator 

currents is given by: 

 

( ))()()(
3

2
)( 2 tiataititi

cba
++=    (8) 

The instantaneous symmetrical component )(ti gives the real 

and imaginary components of the stator currents. It leads to 

acquiring samples of two currents to calculate: 
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With: ...2,1,0=m  

 

 

If the currents are sampled periodically so that the angle 

between two moments of sampling Δ  is weak, we can 

obtain the instantaneous frequency of the instantaneous 

symmetrical component figure (5) as: 

 

 

 

 

 

 

 

 

                    

Fig.5. Instantaneous frequency of instantaneous symmetrical component 
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According to the equations (9) and (10) and for a balanced 

three-phase system, we can write: 
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The instantaneous symmetrical component along the axis 

  and   are then expressed as: 
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This allows rewriting the equation (7)  by: 
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VI. EXPERIMENTAL INVESTIGATION 

The experimental bench consists of a three-phase 

asynchronous motor squirrel cage Leroy Somer LS 132S, IP 55, 

Class F, T° C standard = 40 ° C. The motor is loaded by a powder 

brake. Its maximum torque (100 Nm) is reached at rated speed. 

This brake is sized to dissipate a maximum power of 5 kW. The 

figure 6 shows the motor bench. For the rotor fault, the bar has 

been broken by drilling bar of cage squirrel (Fig.7).  Simulation 

of imbalance stator is obtained with a variable autotransformers 

placed on a phase of the network (Fig.6). An acquisition of 

current signals was carried out on a test bench; the sampling rate 

is 10 KHz. The motor is supplied in the first case by the 

network and in the second case by an inverter.  The stator 

currents of the machine are acquired during steady condition 

on three cases: healthy motor, stator imbalance, and broken 

bars.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.6. Test bench of induction motor   

 

                            

 

 

 

 

 

 

 

 

 

 

Fig.7. Broken bars 

 

A. Results of instantaneous amplitude 

 

    This technique is applied on stator current (Fig.8) of 

induction machine supplied by an inverter. The machine 

presents three broken bars in the rotor.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.8. Current stator of a motor fed by an inverter with three broken rotor bars 

 

Figure 9 shows instantaneous amplitude of two stator 

currents; one healthy (discontinued line) and one with fault 

(solid line). It is clear that the instantaneous amplitude takes 

into account the oscillating part of 1/2sf period, which holds 

useful information. In addition, the fundamental component is 

eliminated, making the form of instantaneous amplitude more 

readable. The spectrum of the instantaneous amplitude         

(Fig. 10) illustrates an index of diagnosis very interesting low-

frequency 11 Hz. 

 

 

 

 

 

 

 

 

 

 

 

Fig.9. Instantaneous amplitude of the current stator with three broken 

bars (solid line), current healthy (discontinued line) 

 

 

 

 

                  

                              

 

 

 

 

 

Fig.10. Spectrum of instantaneously amplitude of current; three 

broken bars (solid line), current healthy (discontinued line) 

 

B. Results of instantaneous amplitude 

 

Figure (11) shows the stator current of motor supplied by the 

inverter in healthy condition.  A deformation of the signal 

waveform caused an important fluctuation of the instantaneous 
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frequency between -500Hz and 500Hz. thus impossible to 

extract useful information. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.11. Stator current (top) and instantaneous frequency (inverter supply)      

(bottom) 

 

Figure (12) shows the stator current of healthy motor 

supplied by the network. We can see slight deformation of the 

signal waveform causing a strong fluctuation of the 

instantaneous frequency between 25Hz and 75Hz.  However 

the IFSA waveform is inappropriate for the detection and 

diagnosis. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.12. Stator current (top) and instantaneous frequency (network supply) 

(bottom) 

 

Knowing that the characteristic frequencies of stator fault 

and rotor fault are located near the fundamental frequency 50 

Hz. We have considered only the low frequencies 2sf and 2f. 

Where 2sf frequency is index of rotor fault; 2f frequency is 

index of stator imbalance. In order to preserve relevant 

information, the original signal is resampled with a down-

sampling rate of 50. Only the range of the required frequencies 

is preserved. By down sampling, the signal dimension is 

greatly reduced. Electrical noise is also attenuated. A new 

200-point signal, that keeps the original signal, is thus 

obtained.  

Figure (13) shows the instantaneous frequency of stator 

current of healthy motor supplied by inverter.  We can notice 

that the distortion of current waveform is attenuated.  It is 

reflected through an attenuation of the fluctuations of the 

instantaneous Frequency. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.13. Stator current (top) and instantaneous frequency (inverter supply)    

(bottom) 

 

Figure (14) represents the instantaneous frequency in the 

case of three broken bars of the motor supplied by inverter.  

The amplitude modulation of the stator current appears 

through equidistant wraps of a duration corresponding exactly 

to 36.02/1 =fs  second 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.14. Stator current (top) and instantaneous frequency (inverter supply) 

(bottom) 

 

The magnitude of Instantaneous Frequency Maximum 

(IFM) 52Hz informs on the severity of the rotor fault (number 

of broken bar).  

The instantaneous frequency of the instantaneous 

symmetrical component (real and imaginary) in the case of 

imbalance stator of motor supplied by inverter is represented 

in Figure (15). The instantaneous frequency is characterized 

by a number of equidistant peaks regularly spaced with 

duration 01,02/1 =f second. However, we can conclude that 
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each fault is characterized in the instantaneous frequency by a 

specific signature. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.15. Stator current (top) and instantaneous frequency  

(inverter supply) (bottom) 

 

The modulation effects of instantaneous frequency induced 

by both stator and rotor faults are summarized in table 1. 

 

 IFSA 

index 

Magnitude 

(Hz) 

Time (T) 

(Second) 

Stator fault 1/2f 53 0.01 

Rotor fault 1/2fs 52 0.36 

 

Table.1 Stator and rotor faults by IFSA 

 

In figure (16) the 3D representation shows clearly that the 

values of the IFM are significant since the surface has no 

singularities. Values IFM increases slightly with increasing of 

both the number of broken bars and the load level. However 

we can say that the sensitivity of IFSA is accurate to detect 

one broken bar without load. 

 

 

 

 

 

 

 

 

 

  

 

 

 

Fig.16. Evolution of IFM with the load level and the number of broken bars 

  

The 3D representation (fig.17) shows that values of stator 

imbalance IFM are significant because the surface has no 

singularities.  Value IFM increases when level of stator 

Imbalance increases but it changes slightly with load level. 

The sensitivity of the IFM is accurate enough to detect a level 

of imbalance as low as 2%. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.17. Evolution of IFM with load level and number of broken bars 

 

V. CONCLUSION  

The instantaneous frequency presents of reliable indices of 

diagnosis. The signatures are specific to each type of fault.   

The re-sampling of original signal with a down-sampling rate 

50 has allowed the smoothing of instantaneous frequency and 

removed the frequencies unnecessary induced by network or 

inverter thus preserving relevant information and reduce 

calculation. The fundamental frequency modulation is 

interpretable at naked eye. The instantaneous frequency 

maximum is a reliable index which informs on the fault 

severity. 
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