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Abstract : A bearing is a machine part whose function is to support another moving machine element. It is also used to guide the 

motion of the element while preventing motion in the direction of applied load. Bearing takes up the radial and axial loads 

imposed on the moving element they carry and transmit these to the machine frame.  Rolling-element bearings consist of balls or 
rollers positioned between raceways that conform to the shape of the rolling element. Depending on the bearing design, the loads 

acting on the bearing may be radial or axial loads. These loads may leads to elastic deformation at the contact between the rolling 

elements and the raceways. The aim of this work is to analyze the pressure distribution acting at the contact area and various 

stresses on the rolling elements by considering bearing parameters such as curvature and roller. 

The design and the analysis of bearing are carried out using Mechanical Desktop and ANSYS Work Bench respectively. The 

result of this study reveals that as the curvature and diameter of the roller has profound influence on the pressure and frictional 

stress acting at the contact area. Hence, the curvature and diameter of the roller are important parameters for effective design of 

any bearing. Apart from the above bearing parameters number of rollers of the bearing also have signification role in minimizing 

the pressure and frictional stress at the contact area.  
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I. INTRODUCTION 

A bearing is a machine part designed to reduce friction between moving parts or to support moving loads. A machine part, whose 

function is to, supports another moving machine element. It is also used to guide the motion of the element while preventing 

motion in the direction of applied load and transmit these loads to the machine frame.  There are two main kinds of bearings: the 

journal bearing and the antifriction type. The anti-friction bearing, such as the roller bearing and the ball bearing, operating on the 

principle of rolling friction. The bearing consists of  Outer Ring, Inner Ring, Balls or Rollers 

Rolling Bearings consist of two circular steel rings as shown in fig. 1.One of the rings is much larger than the other. This larger 

ring is referred to as the Outer Ring. The smaller ring is referred to as the Inner Ring.  

 
Fig 1 Inner and Outer Ring Model 

A bearing consists of a set of rolling elements, which are known as Balls or Rollers. A predetermined number of solid balls or 

rollers are formed into geometric shapes and placed at equal intervals in the open space between the two rings. The load applied 

on the bearings is transmitted through the rolling elements from Outer Ring and Inner Ring vice versa.The rolling elements are 

classified according to their as geometric shapes as shown in fig.2 

 
Fig. 2 Types of Rolling Elements 

II. LITERATURE REVIEW 

Dowson et.al. [1] Provides a comprehensive presentation of the history of bearings such as a ball and roller bearings. The general 

use of rolling bearings did not occur until the Industrial Revolution. Ret i [2] et.al., however, showed that balls have universal 

motion while rollers can move in one direction alone. But if balls or rollers touch each other in their motion, they will make the 

movement more difficult than if there was no contact between them, because their touching is by contrary motions and this 

friction causes contrariwise movements. In this regard Tallian et.al. [3] extended that the modern rolling bearing consists of three 

eras that is empiric al era, classical era and the modern era. The author Weibull, W., A tatistical [4] had consider only the applied 

loading when bearing operating speeds are nominal. The rolling element loading under this condition, which might also be termed 

static loading. Jones, A et.al. [7] had taken clearance into the consideration and derived an equation for max contact pressure for a 
roller bearings having zero internal radial clearance and subjected to a simple radial load. Chiu, Y. et.al. [9]had considered two 
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bodies of revolution having different radii of curvature in a pair of principal planes passing through the contact between the 

bodies may contact each other at a single point under the condition of no applied load. Harris, T[22]had extended the study to 

evaluate the contact area between the inner race and the roller for the cylindrical roller bearings. Peng Chunjun[10]  had reached 

on the static analysis of an angular contact ball bearing using Finite Element Method. By considering the important influencing 

parameters for radial stiffness of the bearing under an axial load. By taking ball bearing with the radius of ball around 22 mm and 

the inner and outer groove radii around 11mm.The author had evaluated the reaction forces on the bearing.Patrick Tibbits [11] 

have studied thedeflection of the support structure of a tapered roller thrust bearing load along the roller-to-raceway contact. The 

race and roller have tighter curvatures, the contact stress increases and bearing life decreases. By modifying the support structure, 

reduces contact stress and increases life. 

From the above discussion it is clear that still there is so much to study on the bearings by considering different parameters. It is 
necessary to improve the existing mathematical models to understand the stress and the pressure at the contact area of the bearing. 

In this work it is intended to develop a Bearing to study the effects of pressure and the stress at the contact area of the bearing. By 

considering the bearing parameters such as curvature, diameter of the roller. The model was developed in Mechanical Desktop 

and analysis is carried out in ANSYS to evaluate the best result.  

III. ANALYTICAL SOLUTION 

The analytical solution of the rolling bearing elements can be carried in different models for finding the stress and contact 

pressure at the bearing contact area. For cylindrical roller bearing an Infinitesimal Line Loading of an Elastic Half Space method 

is carried out for solving the maximum contact pressure. For tapered bearing Hertz contact theory is carried out for finding 

maximum stress and pressure for the bearing when it is in contact. 

3.1 Line loading of an elastic half space 

The simplest semi-infinite geometry is the case of a planar semi-infinite (infinite in one axis) solid body loaded in the normal 
direction along a line on the surface. The x-y plane defines the surface, the loading line is along the y-axis, and the load is along 

the z direction. Figure shows the axis and dimension definitions 

 
Fig. 3 Line Loading of an Elastic Half-Space 

The solution in the polar space is: 

 (r, ) = A r  sin   
From the equations of elasticity, the three components of stress is given as:                         
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So that the stresses are entirely radial from the line of contact 
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3.2 Parallel cylinders in contact 

Considering two cylinders of arbitrary radii with parallel axes, contacting each other under no load, so that the contact area is 

simply a line. The x-axis is placed tangent to both cylinders and normal to the axes of the cylinders. The y-axis is parallel to the 

cylinder axes, along the line of contact. The z-axis will then be along a line running through the centers of the cylinders circular 

cross sections.  

By considering the following assumptions, the surface profile of the each cylinder may be represented as: 

 zi = Aix2 + Biy2 + Ci xy + Dix3 …, where i = 1, 2, for each cylinder  

The unloaded separation distance between the two points at the same x-coordinate on the two cylinders 

h = z1 – z2 

 

 
Fig.4 Contacting Parallel Cylinders 
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Where z1and z2can be expressed in terms of the radii of curvature of the solid in the principal axes.  

 

1

21 R

1

R

1
R











 Such that 

2

21

2 x
R

1

R

1

2

1
x

R2

1
h 











   

Hence this relation gives the separation between surface contours in the undeformed and unloaded state. 

2.3Theoretical Analysis for Stress calculations 

The contact zone between the roller-end and rib creates an ellipsoidal surface compressive stress distribution, is shown in Fig. 5 

 
Fig. 5 Point Contact 

The roller end has a spherical radius, and the rib face is flat at an angle α
f
. The maximum compressive Hertzian contact stress is 

given as: 
ab2

Q3
max


   

3.4 Pressure Calculations 
For the roller body- raceway contacts under ideal line contact the following equations are used   

  
3.5 Analytical Model Results 

For illustrative purposes, a specific set of dimensions and properties has been chosen as shown in Table 1&2, to facilitate 

comparison between the mathematical and computer analyses. These parameters are typical of bearings in use in modern industry. 

Table 1: Material Properties 

Material Specification                           AMS6490 Bearing Steel 

Elastic Modulus (E) 100,000 MPa 

Poisson’s ratio (ν)  0.29 (dimensionless) 

Table 2: Bearing Geometric Properties 

Normal Load P                                 100N 

Bearing roller radius R1                   10mm 

Bearing race radius R2                  infinite 

 

3.5.1 For Cylindrical Roller Bearing0 

 Inserting the example dimensions into the equations derived in above section provides the following values: 

 mm10
1

mm10

1

R

1

R

1
R

11

21
























 (E.1) 

 MPa591,54
MPa000,100

29.01
.2

E

1

E

1
*E

1
2

1

2

2

2

1

2

1 






 










 







 (E.2) 

 mm153.0
MPa591,54.

mm10.N100
2

*E.

R.P
2a 







  (E.3) 

 MPa417
mm10.

MPa591,54.N100

R

*PE
p

2/12/1

max 




















  (E.4) 

3.5.2 For Tapered Roller Bearing 
Inserting the example dimensions into the equations derived in above section provides the following values: 

 N29650
)18sin(17

000,35

)sin(z

Thrust Applied
Q

o

o 


  

 
idm

m

mean

c )cos(
d

D
1

2

1























 RPM4.34348000)75.15cos(

7.9

425.1
1

2

1

















  

 2

cmt

2

meanc dD
8

1
F  l N6227)4.3434)(7.9)(9.1()425.1()3.0(

8

1 22    

http://www.jetir.org/


© 2019 JETIR June 2019, Volume 6, Issue 6                                                            www.jetir.org (ISSN-2349-5162) 

JETIR1907031 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 213 
 

 






















)tan(

)sin(
)cos(

)tan(

)sin(Q
F)cos(Q

Q

i

f
f

i

oo

coo

f N3780

)5.13tan(

)5.13sin(
)5.13cos(

)5.13tan(

)18sin(5.6662
3.1399)18cos(5.6662








 

  

IV. 2D FEM ANALYSIS ON THE BEARING 

The purpose of the finite element analysis was to determine the various stresses between roller and the inner ring and maximum 

contact area . The stresses on the surface and below the surface of the inner ring were investigated. ANSYS Workbench software 

package was used for the finite element simulation. This package provided 2D and 3D modeling .The finite element solutions 

were in compliance with maximum load capacity.  
The model is imported from Mechanical Desktop to ANSYS Workbench, then the meshing is automatically generated for model. 

“Mesh sizing” can be used in order to generate a reasonable or better mesh. Fig.6 shows the mesh generated model of the 

bearings, the elements for the roller are tetrahedraland the inner ring and outer ring are hexahedronelements.  

 
 

Fig. 6 Mesh Generated on Cylindrical and Tapered Bearing 

Fig.7 shows the materials for the inner, outer ring and roller are linear isotropic structure steel. Young’s modulus and Poisson’s 

ratio for design and analysis of bearing is as shown below  

 
Fig. 7 Material Overviews 

Analysis setting deals with the load to be applied to the structure, including load steps, load magnitude and load direction. For one 

static structure analysis, there can be one or several load steps. For each load step, several sub steps can be set in order to make 

the solution converge better and result more accurate. Fig. 8 shows one of the bearing model analysis settings. There are totally 10 

steps and for the first step there are initially 10 sub steps and it has maximum 100 sub steps.  

 
Fig.8 Analysis Setting 
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The lower surface of the Outer ring is constrained in all DOF.A 100N force is applied downward on the roller for this 

model.When the solution is done, the stresses, contact pressure, contact status, and max contact pressure etc. on the bearing are 

evaluated.  

As the curvature and diameter of roller is varying the pressure distributed on roller increases at the contact area. This is because as 

radius of roller is greater than the curvature, the contact area between them is reduced as result the stress at the contact area is 

increased. Fig 9 shows the pressuredistribution on the roller.  

 
 

Fig. 9 Pressure Distribution on the Rollers 

Fig10 shows the equivalent stress distribution on the roller, by changing the curvature and the diameter of roller there is a 
variation in friction stress.As the diameter of roller changes the stress on the roller increases. 

 
Fig. 10 Equivalent Stress Distribution on the Rollers 

 

A 100N force is applied downward on the cylindrical and tapered rollers of different curvature is tabularized for18mm diameter 
rollers as shown in the table 3. 

Curvature(mm) Frictional stress (pa) Pressure (1*e3pa) 

 Cylindrical  Tapered  Cylindrical  Tapered  

5 115.9 109.39 1.39 0.34 

10 117.43 112.43 2.92 1.81 

15 119.32 115.22 3.62 2.36 

18 121.476 118.76 4.65 3.07 

20 124.37 120.37 5.43 4.36 

Table3: 18mm diameter roller 

The graph for frictional stress and pressure distributions for a 18mm diameter roller is plotted is shown in graph 1. As the 

curvature increases the pressure and the frictional stress also increases. 

 
Graph1: Frictional stress and pressure distributions for a 18mm diameter roller 

A 100N force is applied downward on the cylindrical and tapered rollers of different curvature is tabularized for20mm diameter 

rollers as shown in the table 4 

Curvature(mm) Frictional stress (pa) pressure (1*e3pa) 

 Cylindrical  Tapered  Cylindrical  Tapered  

5 120.32 129.39 2.91 2.54 

10 123.69 132.43 3.82 2.96 

15 127.35 135.22 4.96 4.21 

18 131.25 140.76 5.35 4.67 

0020 139.65 144.37 6.41 5.96 

Table 4: 20mm diameter roller 
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The graph for frictional stress and pressure distributions for a 20mm diameter roller is plotted is shown in graph 1. As the 

curvature increases the pressure and the frictional stress also increases. 

 
Graph2: Frictional stress and pressure distributions for a 20mm diameter roller 

A 100N force is applied downward on the cylindrical and tapered rollers of different curvature is tabularized for22mm diameter 

rollers as shown in the table 5 

Curvature(mm) Frictional stress (pa) Pressure (1*e3pa) 

 Cylindrical  Tapered  Cylindrical  Tapered  

5 160.89 141.53 3.61 3.23 

10 165.25 153.37 4.52 3.87 

15 196.35 175.34 5.32 4.96 

18 200.91 180.54 5.69 5.22 

20 220.36 202.23 6.62 5.94 

Table 5: 22mm diameter roller 

The graph for frictional stress and pressure distributions for a 22mm diameter roller is plotted is shown in graph 1. As the 

curvature increases the pressure and the frictional stress also increases. 

 
Graph3: Frictional stress and pressure distributions for a 22mm diameter roller 

From above tabulated values,the best value of curvature is taken, as 20mm for the roller diameter of18mm, as the frictional stress 

and pressure distributions at the contact area is more flexible than compaired to other values. 

Considering the best value of curvature and radius of roller which was obtained in 2-D analysis, Using Mechanical Desktop a 3-D 

roller bearing is designed and analysis is carried out by increasing the number of rollers. The distance between each roller must be 

as minimum as possible as so that the bearing can have a more life time as number of rollers increases the pressure and the stress 

distributed on the rollers is evenly distributed and their values are decreased as a result that the bearing can use for a long time 

without failure. More over at some extension overlapping of rollers takes place which result in failure of bearing. 

 
Fig. 11: Increasing Number of Rollers 

As the number of roller is increasing the pressure distributed on roller decreases at the contact area. This is because as number of 

roller is increases the load evenly distributed on the rollers which result to decreases in pressure.Fig. 12 shows the Pressure 

distribution on cylindrical and tapered Bearing consists of 8 cylindrical rollers and 13 taperedrollers. 
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Fig. 12: Pressure Distribution on Cylindrical and Tapered Bearing 

The frictional stress and von misses stress of 100N force is applied downward on the cylindrical and tapered rollers is tabularized 

fordifernt number of rollers, is shown in the table 6 

No. of rollers Frictional stress(1*e5pa) Von misses stress(1*e7pa) 

 Cylindrical Tapered Cylindrical Tapered 

6 2.52 1.79 8.97 7.01 

8 2.89 1.93 7.91 5.92 

13 3.42 2.28 6.09 4.86 

18 3.64 2.59 5.25 3.49 

24 4.58 3.25 4.69 3.02 

30 4.76 3.75 3.96 2.22 

Table 6: Frictional stress and von misses stress for different number of rollers. 

For thecylindrical roller and tapered rollerbearing, the rollers from 13 to 18 can be used .Beyond that, if the roller number is 

increased the failure occurs in bearing due to the increase of weight of the bearing. 

V.  CON CLUSION 

Based on the detailed literature review, it has been observed that several methodologies have been adopted for analyzing the 

pressures distribution and stress acting at the contact area of the bearing. Based on the literature, initially analytical calculation 

was done for the tapered roller bearing and cylindrical roller bearing for estimation of above mentioned output parameters. The 

analysis is carried out by taking into consideration of different parameters that influencing the bearing failure. 

It is difficult to calculate all the theoretical values for the each parameter that influence the design of the bearing. Hence, these 

have been estimated by using Ansys software package.Based on the obtained results the following Conclusions can be drawn 

1. As the curvature varies the pressure and frictional stress varies at the contact area. Similarly as the diameter of the roller 

varies, variation is observed in pressure and frictional stress at the contact area. 

2. Hence the curvature and diameter of roller are important parameters for analysis of the pressure and stresses at the 

contact area therefore leading for better design of the bearing.  

3. As the curvature is varying the pressure acting at the contact area of the tapered roller bearing is decreasing by 6.75% 
than that of cylindrical roller bearing. Similarly the frictional stress distributed at the contact area of the tapered roller 

bearing is decreasing by 14.56% than that of cylindrical roller bearing. 

4. The stresses and the pressure of the roller decreases by increasing the number of rollers, more over at some extension 

overlapping of rollers takes place which result in failure of bearing. 

5. The von misses stress of the tapered roller bearing is differing by 16.4% than that of cylindrical roller bearing. Whereas 

frictional stress of the tapered roller bearing is differing by 8.67% than that of cylindrical roller bearing. By increasing 

the number of rollers in tapered and cylindrical roller bearing. 

From the obtained results it can be concluded that out of the cylindrical and tapered roller bearing, taper bearing is better suitable 

than that of cylindrical roller bearing since whenever the loading is combination of radial and axial. 
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