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Abstract— Defective bearings are the source of vibrations in 

machines. Due to constructional features of bearing, they 

generate vibrations. As the condition of bearings changes 

during use, the nature of vibrations also changes and it has a 

definite characteristics depending upon the cause. This 

characteristic feature of bearing makes them suitable for 

vibration monitoring. This is a review paper for Defect 

detection technique in rolling element bearing, it covers 

rolling element bearing components and its geometry, 

bearing failure modes, bearing condition monitoring 

techniques, time domain and frequency domain techniques.          
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I. INTRODUCTION 

Rolling element bearings are essential parts of rotating 

machinery. A machine could be seriously damaged if the 

faults occur in bearings during the service time. Therefore, 

early detection of the defects in bearings is crucial to 

prevent of damages to the other parts of machine. The main 

sources of bearing induced vibrations are the defects in the 

bearing components. Bearing defects can be categorized to 

the distributed and localized defects. When a localized 

defect passes its mating surface, a short force pulse is 

generated. Under a constant rotational speed, these pulses 

are generated at nominal defect frequency [1]. Theoretical 

models of vibration generation mechanism in bearings due 

to a single point and multiple defects, and the influence of 

various parameters such as loading and the transmission 

path help our understanding about the generated vibration at 

the beginning of failure. An analytical formulation for the 

generalized ball, cage and race motion in the ball bearings 

has been presented by Gupta [2]. The robustness and 

reliability of the bearings are essential qualities for the 

health of a machine. Defects in bearings may arise during 

use or during the manufacturing process. Therefore, the 

detection of these defects is important for condition 

monitoring as well as the quality inspection of bearings. 

At present monitoring and diagnosis techniques of 

rolling bearing include vibration, temperature, grindings, 

acoustic emission, oil film resistance. Among them, 

vibration measurement is the most widely used and effective 

way. Using vibration diagnosis, such common bearing faults 

as crushing, crack, indentation, wear can be detected 

effectivelyThis work is a study on the influence of localized 

defect on the rolling element bearing vibrations. The effect 

of defect size, defect location and radial load on the time 

domain statistical parameters and a frequency domain 

parameter are investigated. 

 

II. ROLLING ELEMENT BEARING COMPONENTS AND 

GEOMETRY 

Bearing geometry is a critical factor for diagnosing bearing 

defects because the geometry of ball bearings determines the 

dynamics of the bearing components and their vibration 

characteristics. Figure 2.1 shows a typical deep groove ball 

bearing and figure 2.2 shows components, applied force, 

load zone and load distribution. 

Ball bearings have smaller sizes and limited load 

carrying capacity compared to the other rolling element 

bearings,but they can support both axial and radial loads. 

Axial force is defined as the force applied parallel to the 

shaft whereas the radial force is applied perpendicular to the 

shaft. Correct alignment, placement where it is used, enough 

lubrication are the important points to take care of to 

maximize the life-span of this equipment [3]. 

As it can also be observed from Figure a ball 

bearing consists of an inner race, an outer race, balls, a cage 

holding the balls apart from each other and a shaft. The load 

zone and load distribution are also given with the direction 

of applied force in the figure. In most cases, the outer race is 

held stationary where the inner race and the balls rotate. 

Most of the defects on the inner side of outer race such as 

cracks or pits occur on the locations subject to the load zone, 

since they are directly under the applied force. 

 
Fig. 2.1: Typical deep-groove ball bearing 

 
Fig. 2.2: Ball bearing 
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components, applied force, load zone and load distribution 

[3] 

The normal service life of a rolling element bearing 

rotating under load is determined by material fatigue and 

wear atthe running surfaces. Premature bearing failures can 

be caused by a large number of factors, the most common of 

which are fatigue, wear, plastic deformation, corrosion, 

brineiling, poor lubrication, faulty installation and incorrect 

design. 

III. BEARING DEFECTS 

The defects in the rolling element bearings may arise mainly 

due to following reasons such as; improper design of the 

bearing or improper manufacturing or mounting, 

misalignment of bearing races, unequal diameter of rolling 

elements, improper element bearing defects/faults classified 

into two categories; Distributed defects and Localized 

defects. 

A. Distributed Defects: 

Distributed defects are mainly caused by manufacturing 

error, inadequate installation or mounting and abrasive wear 

[4].Distributed defects include surface roughness, waviness, 

misaligned races and unequal diameter of rolling elements 

[5]-[6]. The change in contact force between roiling 

elements and raceways due to distributed defects cause an 

increased in the vibration level. Hence, the study of 

vibrations generated by distributed defects is mainly for 

quality inspection of bearings as well as for condition 

monitoring [7]. 

B. Localized Defects: 

These defects include cracks, pits and spalls on rolling 

surfaces caused by fatigue [8]. The common failure 

mechanism is the crack of the races or rolling elements, 

mainly caused when a crack due to fatigue originated below 

the metal surface and propagated towards the surface until a 

metal piece is detached causing a small defect or spall [9]. 

This defect accelerate when the bearing is overloaded or 

subjected to shock(impact) loads during their functioning 

and also increase with the rotational speed. Spalling can 

occur on the inner ring, outerring, or rolling elements. 

IV. BEARING CHARACTERISTICS FREQUENCIES 

A machine with a rolling element bearing is running at 

certain speed; now a defect begins to develop, the vibration 

spectrum changes produced in bearing. The occurrence 

frequencies of the shocks resulted from the defects in the 

bearings are called bearing defect frequencies or bearing 

characteristics frequencies. Each bearing element has a 

bearing characteristic frequency. The peaks will occur in the 

spectrum at these frequencies due to increase in vibrational 

energy. Initiation and progression of defects or faults on 

rolling element bearing generate specific and predictable 

characteristic of vibration. A model presented by Tandon 

and Choudhury [5][10] predicted frequency spectrum 

having peaks at these frequencies. Defects  in components 

of rolling element bearing such as inner race outer race, 

rolling elements and cage generate a specific defect 

frequencies calculated theoretically from the below 

equations: 

Cage Frequency ɷc =        (
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Ball Spinning Frequency ωb =           (
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Outer Race Defect Frequency ,ωod  =Z ωc                          (3) 

innter Race Defect Frequency ωid   = z (ωs – ωc) =         

        (
 

 
)                                                              (4)              

And 

Rolling element defect frequency, ωre  = 2 ωb   =  2     

     (
   

   
)                                                          (5) 

where, ωs   is shaft  rotation  frequency  in 

rad/sec,d is the diameter of the rolling element, D is the 

pitch diameter, Z is the no of rolling elements and  α is the 

contact angle.     

V.   BEARING CONDITION MONITORING  

Bearing is a critical part of the machine so that it is must to 

monitor it regularly. Due to the critical role of the bearing 

during operation of machine, it is required to monitor it 

regularly. It prevents from the catastrophic failure of the 

machine. When rolling element struck to the defect on 

bearing element there will be a change in vibration energy 

of the rolling element. Change in vibration energy excites 

the bearing component. This is done periodically. Excitation 

of the natural frequencies of the bearing elements because of 

the presence of local defect results in an increase in the 

vibration energy at these high frequencies [11] but the 

components at the characteristic defect frequencies appear in 

the low frequency band of the frequency spectrum. So that, 

the vibration pattern of a damaged bearing includes the low-

frequency components related to the impacts and the high-

frequency components in which the structural information of 

the bearing structure or the machine is stored. Since many of 

the frequencies resulting due to distributed defects coincides 

with those due to localized defects, and it becomes difficult 

to identify from frequency information alone whether a peak 

at a particular frequency is due to localized or distributed 

defect. Therefore it has been suggested [12] that in addition 

to frequency information, the amplitudes of the spectral 

component should also be studied for defective bearing. 

A. Acoustic Measurement: 

The most effective acoustic-based bearing health monitoring 

is acoustic emission. It is a transient impulse generated by 

the rapid release of strain energy in solid material under 

mechanical or thermal stress. The detection of cracks is the 

prime application of acoustic emission; therefore, this 

technique can be used as a tool for condition monitoring of 

bearing faults and shaft cracks. The measurement of a 

machine‟s sound can also be employed for detecting defects 

in bearings. Typically, the accuracy of these methods 

depends on sound pressure and sound intensity data [13]. 

B. Temperature Monitoring: 

Bearing distributed defects generate excessive heat in the 

rotating components. Monitoring the temperature of a 

bearing housing or lubricant is the simplest method for fault 

detection in rotary machines [13]. 
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C. Electrical Motor Current Monitoring 

The operating conditions of a machine can be monitored by 

analyzing the spectrum of the motor current. The changes in 

the electric background noise are associated with the 

changes in the mechanical components of the machine; 

therefore, fault signatures can be detected by motor current 

signal processing  

techniques [13]. 

D. Wear Debris Analysis: 

In this method, the presence of metallic particles in the 

lubricant is detected by sensitive sensors. Furthermore, the 

spectrographic analysis of the different metallic elements in 

the lubricant can facilitate the location of the fault [13]. 

E. Vibration Measurement: 

Since the abnormal vibration of rotary machines is the first 

sensory effect of rotary component failure, vibration 

analysis is widely employed in the industry. The fault 

vibration signal generated by the interaction between a 

damaged. 

VI. EXPERIMENTAL SETUP 

The Model of Experimental setup is shown in fig.5.1  It will 

consist of a shaft with the support bearings. The shaft at one 

end is connected to a drive unit consisting of a 3 phase 

induction motor & variable frequency drive (VFD)for 

changing the speed .It will also consist of an arrangement 

for loading the bearing in axial and radial directions. The 

gear coupling connecting the main shaft to the drive unit 

isolates the shaft from the vibration of the drive unit to a  

Certain extent.  

 
Fig. 5.1: Model of Experimental setup 

FFT  from this setup.Then it will analyze the 

signals ,extract the features and calculate the frequencies 

and classify the defect signals using MATLAB. 

VII. CONCLUSIONS 

In review paper for defect detection technique in rolling 

element bearing, we covered rolling element bearing 

components and its geometry, bearing failure modes, 

bearing condition monitoring techniques. from review, we 

take some points for considerations for future work. 

vibration measurement in time domain and frequency 

domain are key points for doing this work. So we use time 

domain and frequency domain for   feature extraction and 

defect /fault diagnosis in our work. 
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