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ABSTRACT: The Bearings are the most common and essential components of rotating 

machinery used in the industries. In case of faults occurring in any bearing in the machines 

under operating conditions, Sever implications are to be occur, therefore the  diagnosis of fault 

in the bearing is essential to avoid a failure of the device that could cause damage to 

theentiresystem.The bearing's fault diagnosis has undergone extensive research until recently a

nd several studies have been performed.The process must be automated in the diagnosis of mac

hine faultWhichreduces the burden of manual intervention in the interpretation of data.Properm

aintenance of the systems is very critical to ensuring that the machines are free from failure. 

The fault diagnosis uses the vibration signal at the early stage of fault occurrence. Vibration-

based analysis is carried out because of its ease of measurement. Vibration signals for 

diagnosis of bearing fault   were collected for healthy, fault at inner race, and fault at outer 

race conditions under constant motor speed, constant load and varying speed, varying load 

conditions. All these fault conditions are artificially induced on the components similar to early 

stage of fault occurrence and signals were extracted separately. These signals are to be 

processed by techniques such as Fast Fourier Transform, Wavelet analysis etc 
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1 INTRODUCTION  

The Roller bearings are categorised as the very 

important and rotating part of rotary machines [1]. 

It has been noticed that the catastrophic failure of 

the entire system is caused by defective bearings 

and the defect in the bearing trigger approximately 

45 percent failure of the machine  and 40 percent of 

the  problems in the revolving machines [2]. Man 

has made his life simpler by making use of 

advanced machines. These Rotating machines are 

having so many moving parts and they need regular 

service. This maintenance work involves 

lubrication, cooling, cleaning, and inspection.   This 

increases the safety and efficiency of machines [5]. 

According to the principles of the mechanism, each 

moving element of the system has an individual 

signal of vibration. The signal varies with change in 

the condition of the machine parts. As a 

consequence of a change in the vibration signal, 

there would be an early warning of system fault that 

can be detected and fixed before catastrophic failure 

of the system [6]. This will be the main objective of 

condition monitoring. Conditional monitoring is the 

method of routinely gathering and reviewing data to 

detect improvements in results. The key benefits of 

Condition Monitoring are to detect the condition of 

the system components by using the selected 

measurement to determine the changes in the 

operating condition as shown below. Condition 

Monitoring provides the warnings of the final 

failure [3]. 

 Condition Monitoring determines the nature 

of the failure. 

 Condition monitoring controls the life of 

the machine. 

 Condition control of  maintenance 

performance and danger can be avoided and 

thus saving money 

Roller bearings are mostly used in much 

industrial application for supporting the shafts. The  

health condition of bearings is affected by  the 

desired performance of the rotating machines. 

However, the bearings are susceptible to failure due 

to so many reasons such as Excessive loads, 

Overheating, Loose fits, Roller ball fault and inner 

race fault. As a consequence the bearings also have 

local defects which including holes, the pits and 
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spalls on the surfaces, cages, and rolling elements 

[4]. Severe fault in bearing may   cause unexpected 

breakdown, injuries, and can destroy the 

maintenance service plan, so it is very necessary to 

detect and diagnose the bearings faults in rotary 

machines elements. However, it is a big challenge 

to obtain the early  fault signatures from collected 

signals because (a) components such as inner races, 

outer races, rollers, and cages in a rolling element 

bearing that produce  the vibration signal 

complication (b) the  signal which  collected is 

always polluted by  noise and mixed with unwanted 

vibration signals of different components of 

machines [7]. Vibration Monitoring (VM) is the 

most commonly used method of analysis for 

analysing the running condition of the machine and 

can provide a clear identification of most of the 

faults in the machine [3]. The proposed fault 

diagnostic method is first tested on a test bed and 

then an online monitoring and finally a fault 

diagnostic system is designed for bearings. 

Time domain analysis describes the vibration 

signal in feature of time that is amplitude of the 

waveform will be plotted with respect to time, 

which represents the signal speed and acceleration. 

It has to be used to diagnosis of fault due to the 

application of less loss of data to the inspection 

[10]. The time domain features focus on the 

statistical Analysis of the vibration signal such as 

the peak, standard deviation, mean etc. The 

downside of the time domain is the potential to use 

too much data for simple and clear fault 

identifications in the machines components. [11]. 

In the frequency domain analysis, the Fast 

Fourier Transform (FFT) transform signals very 

quickly and produces the correct result as the 

Discrete Fourier Transform [12-13]. The drawback 

of this method is that it cannot evaluate the non-

stationary signals [10]. The Short Time Fourier 

Transform is designed to overcome the drawbacks 

of FFT. 

Wavelet Transform was introduced as one of the 

important method to diagnosis the faults in the 

machines at incipient stage to avoid failures. 

Wavelet theory is the combination of well-

developed and independent signal processing 

methods such as sub-band coding, quadrature 

mirror filter, etc. Due to its broad variety of 

advantages, wavelet analysis approach has become 

active areas of research and it is capable of further 

enhancing both the topics of mathematics and 

variety of applications in the areas of science and 

technology [8-9]. The advantages of wavelet 

analysis is mainly applicable to the wideband 

signals that is non periodic and may contain both 

the sinusoidal and impulse components. It is 

applicable toanalyse the singularities and irregular 

structure of the signal and provides the excellent 

frequency resolution of the spectrum, the variance 

of power spectra and complexity [14-15]. 

In this research paper the Morlet and Mexicon 

hat wavelet functions are used for the diagnosis of 

fault in the bearings based on vibration signal and 

comparative analysis was done. 

2 EXPERIMENTAL SETUP 

 

 

Fig. 1 Experimental set up 

 

The experimental setup for this study is designed 

and fabricated to collect vibration data for different 

loading conditions. It consists of the following 

parts. The 0.5 HP motor which is running at 

maximum speed of 1100 rpm with power capacity 

of 0.37 KW as shown in Fig. 1. Bearings type ball 

bearing (No. LS8) of 19 mm diameter shown in Fig. 

1 are used to support shaft. Two pulleys (driven 

with outer diameter 100 mm and inner diameter of 

19 mm and driver with outer diameter 100 mm and 

inner diameter 19 mm) are used. The two pulleys 

are connected to motor and the other two pulleys 

are mounted on a shaft of diameter  15 mm. V-Belt 

(A-838, Ld 871) is used to connect driver and 

driven shaft. These units are mounted on a strong 

wooden base. Experiments were conducted at two 

different loading condition i.e. half load (5Kg) 
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around 850 RPM and full load (10 Kg) at 750RPM. 

LabVIEW14 ® (Laboratory Virtual Instrument 

Electronic Workbench NI-National Instrument) 

software application model, developed (Lab 

VIEWTM 7, 2014) with FFT analyser, is used to 

acquire data on vibration signals through the four-

channel input sensor module, Data Acquisition  (NI-

DAQ National Instruments) unidirectional 

Piezoelectric Accelerometers (ICP ® (IEPE) 

Accelerometer, IMI sensors, sensitivity from 10 mV 

/ g to 100 mV / g and frequency range up to 18 

kHz) were used to generate vibration signals for 

bearings in healthy condition, ball fault and inner 

ray fault conditions. 

These signals were later used to compare the 

signals with bearing fault condition to identify the 

cause. The sensor continuously stores the vibration 

data from the ball bearing. This data is analysed 

using a MATLAB program. The purpose of 

developing MATLAB program is to advance the 

existing technology and process data faster, but the 

program is not running throughout the operation of 

the ball bearing and it is up to the user to run the 

program to analyse the data and determine the 

condition of the ball bearing. 

 

3 RESULTS AND DISCUSSIONS  

The experiment was conducted at 730 RPM and 

940 RPM. There are two loading conditions used 

such as no loading and full load of 10kg. The results 

are presented using the graphs. 

 
Fig. 2 Time domain signal for healthy bearing  

condition 

 

 

Fig. 3 Morlet Wavelet Enveloped Power spectrum for 

Healthy condition of Bearing 

The above figure shows the Morlet Wavelet 

Based Enveloped Power spectrum for healthy 

condition of bearing. The signal is collected at 730 

RPM with 10Kg loading Condition. The graph is 

obtained by making use of MATLAB program. The 

x-axis consists of frequency and y-axis is power 

spectrum. The bearing frequency  of ball frequency 

and inner race frequency is calculated as  51 Hz  

and 81.27 Hz  Hence we can observe the increase in 

amplitude at 51 Hz ( 1X), 101 Hz (2X),  153 Hz 

(3X) for ball frequencies and 81(1X) , 162(2X) for 

inner race frequencies  . The same reading is 

analysed by using Mexican Hat Wavelet. 

 

Fig. 4 Mexican Hat Wavelet Enveloped Power 

spectrum for Healthy condition 

 

The figure 3 shows the result analyzed by using 

Mexican Hat Wavelet. It can be observed that, the 

Mexican Hat gives better result as compared to the 

Morlet Wavelet. 

 

Fig. 5 Morlet Wavelet Enveloped Power spectrum for 

Fault at inner race condition 

 

The fault is induced in the inner race of the 

bearing.  The results are analysed by Morlet 

Envelop power          spectrum for the same loading 

condition. This fault can be visualized by increased 

amplitude. 
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 Fig. 6 Mexican Hat Wavelet Enveloped Power 

spectrum for inner race fault condition 

 

The fault is induced in the inner race of the 

bearing.  The results are analyzed by Mexicon Hat 

Envelop power spectrum for the same loading 

condition and the results are compared with Morlet 

Wavelet Power spectrum. 

 

Fig. 7 Morlet Wavelet Enveloped Power spectrum for 

Fault at Ball condition 

 

The fault is induced in the Balls of the bearing.  

The results are analyzed by Morlet Envelop power 

spectrum for the same loading condition. This fault 

can be visualized by increased amplitude. 

 

Fig. 8 Mexicon Wavelet Enveloped Power spectrum 

for Fault at Ball condition 

 

The above graphs are used for making 

comparative study of signal processing technique. 

In this paper, two kinds of wavelets are compared. 

The data obtained from the graph are used for 

comparison. This is shown in the following graphs. 

 
Table 1: Amplitude and frequency reading of  

 

 

 

Healthy 

Bearing 

condition 

Morlet 

Power 

Spectrum 

Frequency, 

Hz
50 100 81 162

At full Load 

(10 Kg)

Amplitude, 

mm/s2
0.2813 0.795 0.2136

Healthy 

Bearing 

condition 

Mexican 

Hat Power 

Spectrum 

full load

Amplitude, 

mm/s2
0.373 - 1.033 0.278

Frequency, 

Hz
- - 81 162

Amplitude, 

mm/s2
- - 1.754 -

Frequency, 

Hz
50 100 - -

Amplitude, 

mm/s2
1.24 0.137 - -

Bearing 

Inner Race 

fault 

Mexican 

Hat Power 

Spectrum at 

full Load 

Bearing Ball 

fault Morlet 

Power 

spectrum at 

full Load

162

Amplitude, 

mm/s2
- - 1.345

Frequency, 

Hz
50 100 81 162

Bearing 

Inner Race 

Fault Morlet 

Power 

Spectrum at 

full Load

Frequency, 

Hz
- - 81

1X ( Ball 

Frequency)

2X( Ball 

Frequency)

1X( Inner 

race 

Frequency)

2X(Inner 

race 

Frequency)
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Fig. 9 Comparative graph with full load (10Kg) 

condition 

Fig. 10 Comparative graph with No load condition 

Fig. 11 Comparative graph with full load (10Kg) 

condition 

Fig. 12 Comparative graph with No load condition 
 

The above results and graphs are obtained for 

various types of bearing fault with two different 

loading conditions. The Morlet and Mexicon hat 

Power Spectrum are analyzed with two types of 

bearing faults. The artificially induced faults are 

inner race fault and bearing ball fault, these two 

fault condition results are compared with results of 

healthy bearing condition. From the analysis it is   

observed that the amplitude in the inner race fault 

condition is maximum and it is obtained clearly in 

Mexican Hat wavelet spectrum. 

4 CONCLUSION 

The two types of wavelets i.e. Morlet wavelet 

envelop power spectrum and mexicon hat power 

spectrum are compared in this paper. The 

sensitiveness of the wavelet can be calculated by 

measuring the amplitude for respective frequency. 

Form the above graphs and table 1, it can be 

observed that, there will be higher amplitude at 

-

Healthy 

condition 

Bearing 

Morlet 

Power 

Spectrum 

1X (Ball 

Frequency)

at no Load 48 Hz

Bearing 

Inner Race 

Fault Morlet 

Power 

Spectrum at 

No Load

Frequency, 

Hz

85 150

0.148 - -

- -

Bearing Ball 

fault 

Mexicon 

Power 

spectrum at 

No Load

Frequency, 

Hz
60 94 - -

Amplitude, 

mm/s2
1.28

6.46

Bearing Ball 

fault Morlet 

Power 

spectrum at 

No Load

Frequency, 

Hz
65 98 - -

Amplitude, 

mm/s2
1.24 0.137

Bearing 

Inner race 

fault 

Mexican 

Hat Power 

Spectrum at 

No Load 

Frequency, 

Hz
- - 85 150

Amplitude, 

mm/s2
- - 8.194

-

- -

Amplitude, 

mm/s2
6.23 4.944

Healthy 

condition 

Bearing 

Mexican 

Hat Power 

Spectrum at 

no Load 

Frequency, 

Hz
48 - 81 -

Amplitude, 

mm/s2
0.0491 - 0.2354

Frequency, 

Hz

2X ( Ball 

Frequency)

1X (Inner 

race 

Frequency) 

81Hz

2X( Inner 

race 

Frequency)

Amplitude, 

mm/s2
0.0332 - 0.0881 -

- -

Amplitude, 

mm/s2
1.613 0.524 -

Bearing Ball 

fault 

Mexicon 

Power 

spectrum at 

full Load

Frequency, 

Hz
50 100
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Mexican Hat Wavelet Spectrum as compared to 

Morlet Wavelet Power Spectrum. Hence, it can be 

concluded that Mexican Hat Wavelet enveloped 

power spectrum is more sensitive to the fault 

present in the bearing as compared to the Morlet 

Wavelet enveloped power spectrum.. 
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