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Abstract—Three-phase induction motors are widely used in 

industrial electric applications. To ensure their operability, 

efforts have been made mainly in the detection of rotor 

faults. This work aims to detect rotor faults in induction 

motors through of Motor Current Signature Analysis 

(MCSA) under locked rotor condition. In this configuration, 

the procedure is most suitable for drives where the motor 

operates intermittently, with a short operating stroke or 

variable speed. This paper proposes a methodology and 

presents a comparison of consolidated signal processing 

techniques such as fast Fourier transform (FFT), Discrete 

Wavelet Transform (DWT), and Discrete Hilbert 

Transform (DHT) applied on the conventional input 

currents and components of Park transformation in a case 

study. The objective is to define which of the techniques is 

the most robust in the process of identifying broken bars in 

the induction motor for the proposed methodology. 

 

Index Terms—Induction motor, fault diagnosis, MCSA, 

broken bar, locked rotor, wavelet, Hilbert transform, Park 

transformation 

I. INTRODUCTION 

Three-phase induction motors are widely used in 

industrial systems due to their versatility, simplicity, and 

cost-effectiveness. In this context, studies on fault 

detection techniques of those devices have been expanded 

to ensure the operation of the industrial systems. One of 

the main fault detection techniques used is the Motor 

Current Signature Analysis (MCSA). This technique is 

based on the analysis of the frequency spectrum of the 

motor current, for the identification of rotor or stator 

faults, through the identification and evaluation of their 

fault component magnitude inside the spectrum, usually 

applying the fast Fourier transform (FFT) [1]. MCSA 

may still be accompanied by another detection technique, 

thereby increasing accuracy where the FFT does not 

provide sufficient information for diagnosis. Among 

those techniques are the discrete wavelet transform 

(DWT), which decomposes a signal into several times 

and frequency scales, and the discrete Hilbert transform 

(DHT), which reflects how much the current phase 

energy varies in time [2], [3]. The MCSA may further run 

on the direct component d, the quadrature component q, 
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and zero component 0 of the Park transformation applied 

to input current [4]. Those techniques are consolidated, 

and they are often used for the identification of rotor 

faults in squirrel cage induction motor since direct testing 

is not possible on it. 

Most of the applications of the MCSA techniques are 

associated with drives and induction motor at a constant 

speed and high slip where they can be applied on online 

mode, thus without stopping the production process [5]. 

A high slip allows a better distinction of the fault 

harmonic components in the current spectrum. However, 

in some applications, the slip is small, which requires a 

large measurement time window and a high-resolution 

test instrument. Even so, at some variable speed 

applications, it is not possible to use a large measurement 

time window due to the short operating stroke, which 

means, it is limited to a few revolutions of the rotor. In 

this condition, for the motor to rotate freely, it must be 

decoupled from the load and an offline technique for fault 

detection applied. In some even more specific drives, the 

stroke is short and there is no possibility, or it is 

unfeasible to decouple the load. This condition requires a 

specific methodology to detect motor failures and it is the 

subject of this paper. 

The MCSA technique for those drives must be 

performed under locked rotor conditions. This is 

necessary to obtain a larger sample window of the motor 

current. This way, it also allows filtering mechanical 

harmonic components, eliminating their interferences 

which are more easily identified in mechanical tests such 

as vibration analysis [6]. Those interferences refer to 

bearings, ventilation or cooling, rotor structure, 

mechanical actuation, load variation, etc., failures related 

to mechanical rotation which do not suffer interference 

from the motor rotating field. Another advantage of 

carrying out the test in this way is that rotor speed 

measurement is not necessary for measurement of slip 

(information necessary for the identification of fault 

components in the spectrum), since the rotor is blocked 

the slip has the value of the applied voltage frequency. 

This configuration also allows an easier current and 

frequency monitoring. Thereby, if the motor is fed by an 

inverter, it is possible to choose the best current and 

frequency for the test. A low frequency applied can favor 

low-resolution test instruments and filter high-frequency 

interferences. A high current can improve signal 

amplitude itself.  
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The motivation of this work came up during the 

maintenance of mining machines (such as electric rope 

shovel), where there is a high occurrence of motor 

failures. Some of those operations occur with low slip, 

short operating stroke, and difficult drive decoupling. 

Therefore, the need for the study was mainly due to rotor 

problems. Such a study is important to avoid mistaken 

maintenance that can last weeks in some cases on those 

machines. 

This paper proposes a methodology applying MCSA, 

under locked rotor condition in a case study. The 

techniques used are FFT, DWT, and DHT transforms 

applied on the conventional input current and components 

of the Park transformation. The objective is to define 

which of the techniques is the most robust in the process 

of identifying broken bars in the induction motor for the 

proposed methodology. This work intends to support 

engineers with maintenance and as a database for 

researchers. 

II. RELATED WORKS 

Increased accuracy in a diagnosis can be established 

directly by increasing the input current measurement 

window or indirectly, by using the combination of more 

than one diagnostic technique and signal processing to 

emphasize fault characteristics. Direct methods as in [7] 

and [8] used FFT of zero sequence current, active and 

reactive power spectrum for detection. Other methods 

used the combination of FFT with mathematical 

morphology [9], empirical decomposition, [10] and 

independent component analysis [11] to improve the 

diagnosis. In the works [12] and [13], the direct 

application of the wavelet transform in spectrogram was 

presented. In [14], [15] and [16] were presented fault 

detection tools in online mode via FFT. 

In [17] the application of an offline method with the 

rotor at zero speed was presented, but it did not use the 

conventional three-phase current for fault detection. It 

used a pulsating field with phase variation created by an 

inverter. Differently, the work developed here proposes 

comparing classical techniques such as FFT, DWT, and 

DHT with the rotor at zero speed, but using the 

conventional input current. The zero speed is obtained 

indirectly by adjusting the inverter speed controller. The 

test is made with a load on the shaft allowing higher 

amplitude of the input current, thus improving the 

diagnosis. In addition, the analysis for failure detection 

through the components of the Park transformation is 

presented and compared. 

III. THEORETICAL BACKGROUND 

When a bar in a rotor breaks, the currents in the 

adjacent ones are raised by an armature reaction. The 

breaking of a bar generates mechanical asymmetry and as 

a result, electric distortion, magnetic distortion, and 

consequently, thermal stress. If fs is the stator electric 

frequency, the rotor electric frequency fr in the same 

direction equals to (1s)fs, where s is the slip. The 

asymmetry causes an sfs component contrary to stator and 

rotor fields. Additionally, the stator electric frequency 

becomes frsfs=(12s)fs indicating the armature reaction. 

This is the basis for the investigation of asymmetry in 

induction motors. Due to torque pulsation, a component 

(1+2s)fs is induced and then, f0=(12s)fs are the higher 

amplitudes, representing the bars frequencies around the 

fundamental in the spectrum of the stator current. Those 

are the basis for fault detection of rotor bars and are 

known as "sidebands" [1].  

A. FFT 

For the frequency domain analysis, the FFT is the main 

Fourier transform execution algorithm. The FFT is an 

algorithm that implements the discrete Fourier transform 

(DFT) reducing the number of calculations. The DFT 

requires n² multiplications for a signal of n samples. The 

FFT algorithm reduces it to (n/2)log2n. One of the 

commonly used formats of the DFT is given by 
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where n=0, 1, , N1, N is the number of samples, and T 

is the sampling time interval [1]. 

B. DWT 

Fourier transform decomposes a signal into a set of 

complex sine waves. Similarly, the wavelet transform 

decomposes a signal into a set of amplified and staggered 

versions of a wavelet. This process produces wavelet 

coefficients that are a function of scale and position. 

Wavelets can be asymmetrical, irregular, or 

discontinuous, unlike sine waves. Since the wavelets can 

take different shapes, scales, and positions, it can 

intensify signals of different types, frequencies and those 

that may not occur continuously in the sample. The 

discrete form of the wavelet transform is given by 
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s  , ,j kd  is the 

detail coefficient at scale 0 2
j

s  , and N=2J, where N is 

the number of x[n] samples [12]. One way to obtain the 

coefficients of the equation is to pass the signal through a 

high-pass and low-pass filter numerous times, each time 

dividing the sample quantity by two. This way, it obtains 

high frequency resolution at low frequencies and high 

time resolution at high frequencies [2]. 

C. DHT 

The Hilbert transform is a specific linear operator that 

from a real function x(t) of a real variable, produces 

another one in HT(x(t)), given by the convolution within 
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function 1/(t). This returns a complex signal called 

analytic signal, where the real part is the original signal, 

and the imaginary is the Hilbert transform. In frequency, 

the imaginary part is the real part shifted 90° in phase. 

The Hilbert transform series has the same amplitude and 

frequency as the original signal, and it includes phase 

information that depends on the original phase. In 

addition, the analytic signal contains only positive 

frequencies in the frequency spectrum. One commonly 

used way to indirectly obtain the analytic signal of a 

discrete signal X[m] is given by 

1. Computing the DFT of X[m]; 

2. Getting the positive spectrum by 
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3. Computing an inverse DFT. 

The DFT of a signal generates a spectrum with positive 

and negative frequencies (mirrored in the 0 axis). The 

removal of the negative spectrum results in the analytic 

signal spectrum. Thus, its inverse DFT obtains the 

analytic signal, where the real part is the original one and 

the imaginary is the Hilbert transform. With the DHT 

applied to the motor current, the fault frequency of rotor 

bars appears in 2sfs in the Fourier transform of the 

analytical signal module [3]. 

IV. METHODOLOGY 

The case study presented in this work uses three 

current samples, one per motor. The current samples have 

a time of 30 seconds approximately from phase a. The 

motors have the same characteristics and drive condition. 

Each one with its respective current sample refers to as A, 

B, and C. The induction motors are squirrel cage type, 

with 57 bars, 1500 HP, 6 poles, and 30Hz nominal. 

The motors under study are applied in a drive with a 

short operating stroke, variable speed, coupled to the 

drive end and fed by an inverter. Then, for this specific 

application, the locked rotor condition is obtained 

indirectly through motor speed control, with a load 

suspended in the air and the inverter set to zero speed 

reference. In order to sustain the load in the air, the 

inverter applies the currents, as shown in Fig. 1 (a), to 

obtain the A, B, and C samples. It can be seen in this 

picture, the current applied by the inverter is around 

200A in rms and 0.2Hz for the three motors. The motor 

slip has the same value of the frequency applied since the 

motor speed is zero (s=1). The load allows a higher 

amplitude of the input current, thus improving the 

diagnosis. It is also possible to observe the samples of 30 

seconds, 4 to 6 current cycles. 

For the current measurements, an i1010 AC/DC Fluke 

clamp meter was used. The oscilloscope used to acquire 

the data was a Dataq DI-530-USB with a sampling rate of 

200kHz. Data extraction is processed in the oscilloscope 

software, the Windaq Waveform Browser. Even with a 

high sampling rate, the data extraction was intentionally 

limited to 3000 points of approximately 30 seconds of the 

entire record so that it was possible to test the algorithms 

in low resolution. The data are imported into MATLAB 

and FFT, DWT, DHT, and Park transformation are 

executed. Fig. 1 (b) illustrates the entire method applied. 

 
Fig. 1. Currents and methodology: (a) Currents samples of each test and 

(b) applied methodology. 

V. RESULTS 

A. FFT 

In Fig. 2 the FFT results of the three current samples 
are presented. The fundamental frequencies are observed 
in higher amplitude as indicated in the same color in Fig. 
1. In A, a well-defined amplitude near to 0.7Hz is 
observed, which is the frequency component contained in 
the spectrum of the current, indicating broken rotor bars. 
The exact value is 0.693Hz, which corresponds to the 
fundamental plus two times the slip frequency 

(0.231+210.231). The frequencies of the bars in 
motors B and C are 0.456Hz and 0.480Hz, respectively, 
and as presented, there is no amplitude increased, 
indicating no failure. It is important to note that since the 
fundamental component is equal to the slip, there is not 
the smallest component of the sidebands, once this would 
be negative. 

With the locked rotor, it has the exact value of the slip 
or bar frequency improving the resolution. The fault 
component is approximately 2 times higher compared 
with no-fault. It is known that the smaller the number of 
bars broken, the smaller the amplitude of its component 
within the frequency spectrum. Because of this, other 
methods can better evidence the condition of failure in a 
low number of broken bars. 
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Fig. 2. FFT of A, B, and C. 

 
Fig. 3. Detail coefficient 6 from DWT of A, B, and C. 

B. DWT 

In Fig. 3, detail coefficient 6 of DWT via Daubechies 
10 of the three motors current samples is presented. 
Detail coefficient 6 is the decomposition of the input 
signal (A, B and C) in high pass filter, with sample drop 
by two, executed six times. In detail 6 the fault 
component (fault frequency) is inside the frequency band 
this detail contains. It can be observed that the amplitude 
of this detail in A is superior to the healthy motors and 
that can be used as fault detection. The rms values 
indicate 34.2899A for the motor A, 15.1949A for the 
motor B, and 19.2467A for the motor C, 2 times higher 
approximately (outside the discontinuities it is 3 times). 

Thus, it can be said that using the method via DWT 
simply analyzing rms value, a better fault definition is 
obtained compared to the one with FFT. However, it must 
consider the sample reduction, which in this case is 
reduced to approximately 65 points of the input signal 
with six decompositions. A low resolution may lead to 
false negative or positive detection. 

C. DHT 

Fig. 4 shows the results of the discrete Hilbert 
transform. As described in this paper, the DHT generates 
a complex signal and then, this transform will generate 
complex motor currents, the Hilbert currents. Fig. 4 (a) 
shows the module of those Hilbert currents obtained over 
the DHT of each current sample (A, B, and C). Their 
spectrum via FFT is in Fig. 4 (b). The failure detection 
with the Hilbert transform is based on the measurement 
of the amplitude of the fault component, which appears at 
frequency 2sfs, in the frequency spectrum obtained via 
FFT of the Hilbert current modules. 

 
Fig. 4. Discrete Hilbert transform: (a) DHT currents modules and (b) 

their FFT of A, B, and C. 

As can be seen in Fig. 4 (b), motor A has a difference 

in amplitude at frequency 2sfs which offers great accuracy 

in the diagnosis of broken bars. 10 times higher 

amplitude is observed in fault conditions compared to no 

failure. Higher-resolution indicates even more clearly the 

spectrum failure characteristic. 

D. Park Transformation, d and q 

For the study presented, the measurement was not 
performed in the three phases of each motor, which is the 
ideal condition to perform Park transformation. To 
construct the three-phase current, a 120° shifting over A, 
B and C samples was performed to construct phases b and 
c (thus considering total symmetry in the motor and fault) 
and then Park transformation was applied. The FFT 
results of d and q currents from Park transformation are 
presented in Fig. 5 (a) and Fig. 5 (b). 

As can be seen, there is only the fundamental 

component and the faulty one is attenuated in the 

spectrum. Some papers report good results using d and q 

currents to obtain fault characteristics [4]. However, in 

the configuration presented in this work, it does not 

demonstrate a good definition. 

E. Park Transformation, 0 

The Fig. 6 (a) shows 0 currents from Park 

transformation of motors A, B, and C with their respective 

FFTs in Fig. 6 (b). As all the other graphics in time 

domain in this paper, Fig. 6 (a) represents instantaneous 

values. As can be seen, all the asymmetry caused by 

broken bars is present in this component. It shows 20A in 

fault component of A while the faultless motors are close 
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to 0. Unlike the analysis in d and q currents, the method 

in this format presents robustness in fault detection. 

 
Fig. 5. Park transformation: (a) FFT of d and (b) q currents of Park 

transformation of A, B, and C motors. 

 
Fig. 6. Park transformation: (a) 0 currents of Park transformation and (b) 

their FFT of A, B, and C motor. 

TABLE I: FAULT DEFINITION 

Transform a d, q 0 

FFT 2X Undefined >20X 

DWT 3X - - 

DHT 10X - - 

VI. SUMMARY AND ANALYSIS 

Table I shows the fault definition in this case study that 
summarizes the results with the tests performed with FFT, 
DFT and DHT using currents obtained from phase a, and 
FFT on the components of Park transformation. Each 
value approximately represents the ratio of the fault 
component magnitude to the faultless ones. It is important 
to notice that the results for FFT and DWT are obtained 
directly from their computation. For DHT, a FFT needs to 
be processed in order to have better fault definition. For 
the components of Park transformation, only FFT was 
applied. 

The advantage of FFT is the availability in many field 

test instruments. If there is inaccuracy in the results, the 

other techniques presented can be used to improve 

diagnostic accuracy. In other tests outside the scope of 

this work, it was possible to verify the fault components 

with only 2 cycles of the input current in DWT, DHT or 0 

current of the Park transformation and 3 cycles with FFT 

with a sample in higher resolution. This confirms that a 

higher sample rate and number of cycles covered by the 

transforms, a better resolution of the spectrum may 

increase the accuracy of the diagnosis. With the locked 

rotor, the exact value of the slip and the possibility of a 

large measurement time makes the application of the 

MCSA more accurate. The speed control with load on the 

shaft allows a higher amplitude in the input current, also 

improving the fault detection. It was possible to obtain 

fault definition with a few numbers of points due to the 

low frequency applied and it was not observed any 

interferences in the spectrums. 

As presented, the motor rotor lockout was performed 

indirectly through speed control. Those tested motors are 

cooled by a blower and because of that, the tests could 

reach the 30 seconds of measurement. The locked rotor 

condition can also be obtained directly, thought 

mechanical locking of the rotor. In a loaded drive, the 

method studied here can be applied using the load itself 

as a block. 

In the end, motor A was opened for inspection where 

15 broken bars were identified of 57 it has. Fig. 7 is a 

picture of the rotor where it is possible to observe two 

totally and one partially broken. 

 
Fig. 7. Broken bars in the motor A. 
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VII. CONCLUSION 

The application of the MCSA method using FFT, 

DWT, DHT, and Park transformation demonstrated well 

defined fault indications in the presented drive system 

(short operating stroke, variable speed and coupled to the 

drive end) using the proposed methodology. A better fault 

indication was observed in DHT and 0 current of Park 

transformation, but direct FFT and DWT to the input 

current also presented good fault indications. For the 

application and number of broken bars present, currents d 

and q of Park transformation did not obtain results with 

failure indication. 

The proposed methodology can be applied to any type 

of drive with an induction motor, as long as the system 

can remain at zero speed during the test. 

There is no record of failure detection through 0 

current of Park transformation as presented here and then, 

further tests can also be performed on future work for 

consolidation of the method.  

APPENDIX A PARK TRANSFORMATION 

Park transformation is a linear transformation that 

simplifies machine equations by introducing a set of 

hypothetical variables. Physically it transforms the 

machine with fixed stator windings and rotating rotor 

windings, into fixed stator windings and false-stationary 

rotor windings. Due to the sinusoidal variation of the 

mutual inductance, time-varying coefficients appears into 

the voltage equations. This effect can be eliminated by a 

change of variables which transform the stator and rotor 

voltages and currents into a common reference [4]. Fig. 8 

shows the angular relationship between rotor and stator of 

a three-phase machine and an arbitrary axis dq rotating in 

an arbitrary speed. The transformation equations for the 

stator in a three-phase machine for axis dq at zero speed 

eliminating the mutual inductance variation are 

ds as bs cs

2 2 2
sin sin sin

3 3 3
f f f f

 
  

    
        

    
 

qs as bs cs

2 2 2
cos cos cos

3 3 3
f f f f

 
  

    
        

    
 

 0 as bs cs

1

3
sf f f f    

where f can be represented by voltage, current or flux-

linkage. For current, fas, fbs and fcs are the stator current 

phases 1, 2 and 3 respectively. Thereby, fds, fqs and f0s are 

respectively the direct, quadrature, and zero component 

of the Park transformation applied to these stator currents. 

 
Fig. 8. Stator, rotor, and arbitrary axes relationship 
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