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Abstract: This Paper analyses the abnormal vibration patterns in industrial machinery to verify the machine has fault or not. Import 

the data into MATLAB in column vectors and perform the processes in Signal Processing Toolbox. Create a workspace for each vector, 

then plot the signals in time domain and to determine the exact fault location. Each of the elements will generate many fault 

frequencies in the frequency domain based on its characteristics which allowing quick and easy identification. The four possible 

bearing failing frequencies are: FTF (Fundamental Train Frequency), BPFO (Ball Pass Frequency Outer), BSF (Ball Spin 

Frequency), BPFI (Ball Pass Frequency Inner) and other overall machine condition faults are Misalignment, Unbalance and 

Looseness, frequency domain is required. It is used to show each fault location of the faulty machine. This system used to view all the 

amplitudes of the time waveform which are shown separately. Regarding to Fourier analysis, any vibration signals can be separated 

into several discrete frequencies or a spectrum of frequencies over a continuous range. Fast Fourier Transform is a system which is 

used to convert the signals in time domain into the Frequency domain signals. Compute a power spectrum and determine threshold to 

filter out noise. In this paper we use 1000 RPM, 50 Hz, 415V, 6-pole, 2HP, 1.5KW Induction Motor with 6205 ball bearing. Compare 

the measured signal with the signals obtained by calculations to determine the fault components.  
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1. Introduction 
 

Induction motors are widely used in many industries based 

on its electrical needs for many years. Due to the working 

place quality of machines which causes noise and vibration 

and it is notable. When there is a fault in the given 

machinery then definitely there will be a noise in that 

machinery, if we match the natural frequencies of that 

machine (i. e. induction motor) and vibration match or close 

to the present motor’s parameters (i. e. noise, vibration). In 

order to avoid such noise and vibration, it is necessary to 

estimate the amplitude of vibration signals. Assume that the 

motor vibration signals (i. e., Datasheet) are monitored and 

measured through accelerometer and signals are imported to 

MATLAB likewise data are created and have some peak 

amplitudes. The peak amplitudes are the fault frequencies. 

First, datasheet uploaded via MATLAB drive, then import 

the datasheet into MATLAB. Here, we use three vectors 

(X_vect1, Y_vect1, Z_vect1) because vibration signals are 

measured for rotatory machines will be in three dimensions. 

Import these data in column vectors to create a workspace 

and then continue the process.  

 

2. Vibration Analysis and Motor Faults 

Detection Methods 
 

In this project, 1000 RPM, 50 Hz, 415V, 6-pole, 2HP, 

1.5KW Induction Motor with 6205 ball bearing.  

 

 
Figure 1 

 

Frequencies of machinery and vibration levels has been 

defined by vibration analysis and then parameter values 

(vibration signals) are acquired to find the machine’s health 

and its components.  

 

Vibration analysing methods are classified into four 

different methods and each method will give specific 

description on the working conditions and features of the 

vibrating parts. In this project, 2 out-off 4 principles are 

used.  

 

1) Time Domain Analysis:  

The signal, monitored in the time-domain is also called as 

waveform. The time-domain analysis plotted between 

amplitude and time. While most of the machine faults are 

identified using this analysis and some faults like 

misalignment, looseness, unbalance are easily seen in this 

analysis.  

 

2) Frequency-Domain Analysis:  

The signal, monitored in this domain results in a waveform 

with frequency, amplitude values (frequency (Hz) vs 

amplitude (w/m2)), known as a spectrum, the spectrum 
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present in a frequency-domain is like the vibration signals 

(patterns) present in the time-domain. Most of the low 

frequency faults are detected in this analysis. Fast Fourier 

Transform is used, a vibration signals can convert from 

time-domain to frequency-domain.  

 

2.1 Motor Faults Detection Methods 

 

1) Bearing Faults:  

Bearings have many components like balls, cage, outer race 

defect and inner race defect.  

 

 
Figure 2 

2) Outer Race Fault (BPFO):  

An outer race is the bearing’s exterior ring and it protects the 

bearing’s internal parts. Rollers that present in a bearing that 

pass an outer race each time in a specific point, to make the 

shaft complete turn.  

BPFO= RPM { (NB/2) (I-(BD/PD) cosβ) } 

 

3) Inner Race Fault (BPFI):  

Rollers that present in a bearing that pass an inner track each 

time in a specific point, to make the shaft complete turn.  

BPFI= RPM { (NB/2) (1+ (BD/PD) cosβ) } 

 

4) Ball Fault (BSF):  

 Rollers (balls) that present in a bearing that makes the shaft 

complete turn at specific point in each time.  

BSF: RPM { (PD/BD) (1-((BD/PD) cosβ)) 
2
} 

 

5) Cage Fault (FTF):  

Bearing cage that present in a bearing that makes the shaft 

complete turn at specific point in each time.  

FTF: RPM { (1/2) (1-(BD/PD) cos) β} 

 

2.2 Other Overall Machine Condition Faults:  

 

1) Unbalance:  

Unbalance the main cause of mechanical breakdown in 

rotating machinery. This fault is due to non-uniform 

distribution of rotating mass.  

 

 
Figure 3 

 

2) Fault Frequency at 1X RPM 

 

a) LOOSENESS:  

Looseness obtained in the vibration measurements provided 

that there is a source of excitation, so, that the small external 

excitation forces can result in high vibration amplitudes in 

the presence of looseness.  

 

 
Figure 4 

 

Fault Frequency at ½ RPM 

 

b) MISALIGNMENT:  

Misalignment is detected by high frequencies in machines 

which occurs in between two components that not parallel to 

each other which are aligned in horizontal planes and this 

fault results in high axial vibrations.  

 

 
Figure 5 

 

Fault Frequency at 2X RPM 

 

3) Technical Terms Related to Formulae:  

1) PD = D + d/2  

 D=Outer diameter of the bearing 

 d=Inner diameter of the bearing 

2) NB= Number of Balls (10)  
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3) β = Contact Angle (25
0
)  

4) BD=Width of the bearing 

 

3. Calculated Results 
 

First, we created the data as three vectors (X_vect, Y_vect, 

Z_vect) and import them as column vectors to get variables 

in workspace for future use. The sample data are mentioned 

below.  

 

Table 1 

X_vect Y_vect Z_vect 

1 0.5 -2 

2 -0.9 1.5 

1000 1500 2000 

Create the time vector (x-axis) by using sampling frequency 

of the given data, length of the signal (i. e., time_vect= (0: 

L-1) *T).  

 

Add all the data (Vibration signals) in one vector [M_vect] 

(i. e., M-vect = (X_vect + Y_vect + Z_vect)).  

 

In every faulty machine if there is a fault then there will be a 

noise. So, we add noise signals (i. e. vect=sin (M_vect) 

+0.5*rand (size (M_vect)) to the data to make them as a 

Non-Linear signal.  

 

1) Time Domain Result:  

Most challenging aspect in this vibration measurement is to 

acquire the vibration patterns (data) from the machine and 

the next part will work under the analysing of acquired data. 

In vibration analysis, understanding the types of waveforms 

are most important.  

 

 
Figure 6 

 

Basically, vibrations are generated in oscillating motion 

(equilibrium). Here rate of that oscillation is determined. In 

this analysis, the peak amplitudes are not identified because 

of the addition of noise in the given signal. Here, we plot the 

modified noisy signal with respect to time (i. e., Amplitude 

(w/m
2
) vs time (ms)).  

 

2) Noise Reduction Result:  

 
Figure 7 

 

In this analysis, the major abnormal vibration patterns 

(signals) are controlled, this analysis is also called as 

spectrum subtraction method. This method helps to convert 

the Non-Linear signal into Linear signal. The FFT function 

acts as a low pass filter to reduce a noise in the given signal. 

The noise will be reduced partially and the spectra 

mentioned above is plotted between amplitude (w/m
2
) 

against the frequency (Hz).  

 

3) Deviation Reduction Result 

 

 
Figure 8 

 

In this analysis, the Fourier Transform being used and the 

vibration amplitudes in output waveform as a function (i. e. 

separate fault locations) of frequency so the analyser can 

determine the causes for that abnormal vibration signals 

(peak amplitudes) and the peak amplitudes are obtained as a 

separate discrete waveform and using the FFT function 

again, the noise in the signal is completely reduced but the 

fault frequency is deviated. Here, we plot the amplitude 

(w/m
2
) against the frequency (Hz).  

 

4. Frequency Domain Result 
 

 
Figure 7 
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In this analysis, FFT function used again to get the desired 

output. The deviations for the fault frequencies were 

controlled and here we can see the exact fault locations 

which is in the output waveform. In the above spectra, we 

plot amplitude (w/m
2
) vs frequency (Hz). The fault 

frequencies are determined and compare these frequencies 

with frequencies obtained by calculations and assume the 

faulty components.  

 

5. Conclusion 
 

This paper analyses the faulty components in the motor by 

analysing the fault frequencies determined by Fast Fourier 

Transform. The waveform in Time Domain analysis has the 

noise signals in it and the noises are filtered in frequency 

domain analysis by using the FFT function. Figure-7 shows 

the exact output of this paper. Finally, comparison between 

the frequencies generated in MATLAB with frequencies 

obtained by calculations are done to determine the faulty 

components.  
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