
International Conference on Ideas, Impact and Innovation in Mechanical Engineering (ICIIIME 2017)                           ISSN: 2321-8169 

Volume: 5 Issue: 6                               1660 – 1665 

_____________________________________________________________________________________________ 
 

1660 
IJRITCC | June 2017, Available @ http://www.ijritcc.org (Special Issue) 
_____________________________________________________________________________________ 

Vibration Based Analysis of Rolling Element Bearing: State of the art 
 

 

Mr. R. D. Borole
1
, Prof. P. P. Kharche

2
, Prof. M. P. Kharche

3
 

 
1
Scientist “D”, National Informatics Centre, Nagpur,  borole.rd@nic.in 

 

2
Assistant Professor, Mechanical Engineering Department, SKNCOE Pune, ppkharche@sinhgad.edu 

 

3
Assistant Professor,Computer Engineering Department,KJCOEMR Pune,megha.kharche87@gmail.com 

 
ABSTRACT 

 

The rolling element bearing is a vital part of the machine. Failure of rotating machines often linked to bearing 

faults. Condition monitoring and fault diagnostic of the rolling element bearing is important now a day. Due to 

constructional features of bearing, they generate vibrations. During the use, as the condition of bearing changes, 

nature of vibrations also changes. Bearing has a characteristic feature that makes them suitable for condition 

monitoring. This paper gives the state of the art of vibration based analysis of rolling element bearing, it covers 

basic of rolling element bearing, failure modes, condition monitoring techniques. 

Keywords: Condition Monitoring, Fault Diagnostic, Rolling Element Bearing. 
 

----------------------------------------------------------------------------------------------------------------------------- 

 
1. INTRODUCTION 

 

The essential qualities of bearing for the health of a machine are robustness and reliability. Defects in 

bearings may arise during the manufacturing process. This paper is gives the state of the art of vibration based 

analysis of rolling element bearing. Most of the mechanical failure is caused by bearing fault. Severe bearing fault 

will persuade vibration, noise, low efficiency, even breakdown of equipment. According to practical running 

condition and fault diagnosis, maintenance is to establish a condition monitoring program to check the satisfactory 

operation of bearings [2][3]. 

Vibration, temperature, grindings, acoustic emission, oil film resistance are the techniques of monitoring 

and diagnosis of rolling element bearing. Using vibration diagnosis, such common bearing faults as crushing, crack, 

indentation, wear can be detected effectively [2][3]. 
 

2. ROLLING ELEMENT BEARING 
 

The rolling element bearing is composed of different components: rolling elements, outer and inner rings. 

A deep groove ball bearing is shown in figure 1. Figure 2 shows components, applied force, load zone and load 

distribution. Compared to other rolling element bearings, ball bearings are smaller in sizes and having limited load 

carrying capacity. They can carry axial and radial loads. 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][4]. 

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 2. In 

most cases, the outer race is held stationary where the inner race and the balls rotate. Defects are occurred mostly on 

the inner side of outer race of bearings such as cracks or pits. The rolling element bearing geometry is shown in 

figure 3. 
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Figure 1: Typical deep-groove ball bearing [3][4] 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: Ball bearing components, applied force, load zone and load distribution [3][4]. 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 3: Rolling Element Bearing Geometry 

The balls or rollers are the rolling elements in bearings. The balls in a ball bearing transfer the load over a 

very small surface on the raceways. The load-carrying capacity of a ball bearing is, therefore, lower than that of a 

roller bearing in which the rollers transfer the load via line contact with the raceways. The cage separates the rolling 

elements, preventing contact between them during operation. It also helps to prevent poor lubrication conditions 

and, in many cases, holds the bearing together during handling [5]. 

 

3.  BEARING FAILURE MECHANISMS 
 

There are a number of mechanisms that can lead to bearing failure, including mechanical damage, crack 

damage, wear damage, lubricant deficiency, and corrosion. When the smooth rolling contact surfaces are marred, 

higher stress conditions imposed on the surface reduce bearing life significantly. Permanent indentation created by 

rolling element overload is called brinelling. A crack in a bearing component may begin as a manufacturing-related 

defect or be induced by operating stress via overload or cyclic loading. 

Deterioration processes speeds up when the bearing component temperature increases due to poor 

lubrication. In an environment of high humidity, where bearing operates may lead to surface oxidation and it 

produces rust particles and pits. The pits function as stress raisers, providing sites for crack initiation.

4. VIBRATION BASED ANALYSIS 
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Since the abnormal vibration of rotary machines is the first sensory effect of rotary component failure, vibration 

analysis is widely employed in the industry. When there is an interaction between a damaged area and a rolling 

surface occurs, vibration signal generated. For the diagnosis of faults, vibration analysis can be employed. Time 

domain technique, frequency domain technique and time-frequency technique are the condition monitoring 

techniques for vibration measurement [6] [7]. 
 

4.1 Time Domain Technique 
 

Some of the time domain techniques can be used or applied for condition monitoring, such as root mean square 

(RMS), mean, peak value, Mean Square, crest factor, Skewness, kurtosis, Variance, Standard Deviation, Clearance 

Factor, Impulse Factor, Shape Factor [6][8]. 
 

Root Mean Square 
 

Root mean square (RMS), measures the overall level of a discrete signal. 

 

 ………………….(1) 

 

 

Where N is the number of discrete points and represents the signal from each sampled point. 
 

RMS is a powerful tool to estimate the average power in system vibrations. A substantial amount of research has 

employed RMS to successfully identify bearing defects using accelerometer and AE sensors [9]. 
 

Mean 
 

The mean acceleration signal is the standard statistical mean value. Unlike RMS, the mean is reported only for 

rectified signals since for raw time signals, the mean remains close to zero. As the mean increases, the condition of 

the bearing appears to deteriorate [9]. 
 

 

…………………(2) 

 
 
Peak value 

 

Peak value is measured in the time domain or frequency domain. Peak value is the maximum acceleration in the 

signal amplitude.
 

………….(3) 
 
 

Crest factor 
 

 

 

Crest factor is the ratio of peak acceleration over RMS. This metric detects acceleration bursts even if signal 

RMS has not changed.
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…………….(4) 

 
Skewness 
 

Machined or ground surfaces in bearings show a random distribution of asperities that are commonly described 

with the  normal distribution function. For this reason, various statistical moments can describe the  shape of 

distribution curves  therefore,  assessing bearing  surface  damage  level.  Equation defines  the  third  mome nt  or 

skewness as [6] 

 

……………..(5) 

 

Where f is the mean value. For normally distributed data sets the odd moments are zero, unless the time domain 

signal is rectified. Hence, skew can easily track for bearing conditions [6]. 
 

Kurtosis 
 

The forth moment, normalized with respect to the forth power of standard deviation is quite useful in fault 

diagnosis. This quantity is called kurtosis which is compromise measure between the intensive lower moments and 

other sensitive higher moments. 

 

Variance 

 

 

Standard Deviation 

 

 

Clearance Factor 
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Impulse Factor 

 

Shape Factor 

 

 

4.2 Frequency Domain Technique 
Another conventional approach is processing the vibration signals in the frequency domain. The signature of the 

defected bearing is spread across a wide frequency band and can be easily masked with low frequency machinery 

vibrations and noise [10]. There are five basic motions that can be used to describe dynamics of bearing movements. 

Each  motion  generates a  unique  frequency, the  following  five  characteristics frequencies are  depend  on  the 

rotational speed and the location of the defect in a bearing [11]: 

 

Shaft rotational frequency 

 
 

Inner race defect frequency 

 
Outer race defect frequency 

 
Ball defect frequency 

 
 

In this paper, we discussed about the vibrationa based analysis of rolling element bearing. We also covered 

rolling element bearing components and its geometry, bearing failure mechanisms, Vibration based analysis of 

rolling element bearing in time domain and frequency domain. Using these features in time domain and frequency 

domain we can diagnose the condition of rolling element bearing. 
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