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Abstract
Cylindrical roller bearings are designed to carry heavy radial loads, 
but due to misalignment and edge loading it is affecting the life 
of the bearing. So in the design of cylindrical roller bearings the 
profile of the roller plays important roll. Stress analysis is done 
based on two dimensional models of the roller and raceways. The 
roller profiles analyzed are flat, circular and logarithmic, which 
is loaded against two flat raceways. The present stress analysis is 
based on two-dimensional model of the roller and raceways. The 
flat profile of roller element results in the edge stress concentration. 
Circular crowning eliminates the edge stress concentration at the 
low and moderate loads however; it develops edge concentration 
at heavy loads. The logarithmic profile of the roller results no 
edge stress concentration at low, medium and high loads and the 
contact stresses also distributed uniformly along the length of the 
roller. Results show how a logarithmic profile can help in getting 
a more uniform stress distribution along the roller length and in 
reducing, the end stress concentration.
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I. Introduction
A bearing is a machine element that constrains relative motion 
between moving parts to only the desired motion. The design of 
the bearing may, for example, provide for free linear movement of 
the moving part or for free rotation around a fixed axis; or, it may 
prevent a motion by controlling the vectors of normal forces that 
bear on the moving parts. Bearings are classified broadly according 
to the type of operation, the motions allowed, or to the directions 
of the loads (forces) applied to the parts. The term “bearing” 
is derived from the verb “to bear”; a bearing being a machine 
element that allows one part to bear (i.e., to support) another. The 
simplest bearings are bearing surfaces, cut or formed into a part, 
with varying degrees of control over the form, size, roughness 
and location of the surface. Other bearings are separate devices 
installed into a machine or machine part. The most sophisticated 
bearings for the most demanding applications are very precise 
devices; their manufacture requires some of the highest standards 
of current technology.
Due to the line contact in between rolling elements and raceways, 
cylindrical roller bearings have higher radial load capacity and 
they are suited to high-speed applications. Together with a high 
strength cage design in pressed steel, the most cylindrical roller 
bearings consist of machined brass or polyamide and provide 
low noise, low heat generation and, for much more difficult 
applications, could be provided in a variety of advanced special 
materials.

Fig. 1: Cylindrical Roller Thrust Bearings with Raceways For 
Industrial Machines

Aluminum is lighter than mechanize or steel but less stiff, less 
stable, less able to take a beating, and less stress-resistant. In 
addition, aluminum is much more sensitive to temperature 
changes. Cast iron is 150% stiffer than aluminum and 300% 
better in vibration damping. Steel is durable and stronger than 
iron. However, it suffers prolonged ringing, which is detrimental 
to fast move and settle times, see fig. 1. 
Granite guides with air bearings provide the stiffest, most 
durable combination. Granite can be polished for flatness and 
straightness in the submicron range. The drawback to a granite 
table is that, because of the granite’s mass, it has a larger space 
envelope and weighs more than a steel or iron-based positioning 
system. However, because there is no contact between bearings 
and granite guide surfaces, there is no wear, and air bearings are 
largely self cleaning. Also, granite has excellent vibration damping 
characteristics and thermal stability. 
In addition, design of the table itself is important in the table’s 
overall performance. Tables come in a variety of configurations 
from bolt-together units with many parts to simple cast bases and 
slides. Use of one material throughout the table generally provides 
more uniform response to temperature variations, leading to a 
more accurate system. Features such as ribbing provide damping, 
which enables swift settling. 
Integral ways have an advantage over bolt-on ways in that even 
after a long time, no adjustment of ways for preload is needed. 
Crossed roller bearings, fig. 2, have line contact between roller 
and raceway, whereas ball bearings, fig. 3, have point contact 
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between ball and raceway. This generally results in smoother 
motion for roller bearings. There is less surface deformation (and 
wear) over the rolling surface and there is a greater contact area, 
so load is distributed more evenly. Loads up to 4.5 to 14 kg/roller 
are standard, along with high mechanical stiffness of about 150 
to 300 Newtons/micron. Disadvantages include inherent friction 
from the line contact. 

Fig. 2: Point Contact of a Ball Rolling Element on a Flat Way, 
and on Contoured Ways and 4-Point Contact V-Ways

The small contact area that limits the ball bearing’s friction, 
however, also limits its load capacity. Roller bearings generally 
have longer lives than ball bearings. However, roller bearings 
cost more. 

Fig. 3: Line Contact of a Cylindrical Rolling Element of a Flat 
Way, and on Crossed-Roller Ways

II. Design Description

A. Basic Design
The spherical roller thrust bearings incorporate a large number 
of asymmetrical rollers and have specially designed raceways 
with an optimum conformity. In spherical roller thrust bearings 
the load is transmitted from one raceway to the other at an angle 
to the bearing axis.

B. Detailed Description: 
The bearings are suitable to accommodate radial loads in 1. 
addition to simultaneously acting axial loads
Another important characteristic of spherical roller thrust 2. 
bearings is their self-aligning capability. This makes the 
bearings insensitive to shaft deflection and misalignment of 
the shaft relative to the housing.
Types: bearing with a pressed steel window-type cage, bearing 3. 

with a machined brass or steel cage which is guided by a 
sleeve held in the shaft washer bore, and so on
 Typical Applications: hydroelectric generators, vertical 4. 
motors, propeller axie of vessels, tower cranes, squeezing 
presses, molding machines and so on. 

C. Bearing Features
Both radial load and axial load1. 
Self aligning capability 2. 
High speed operation 3. 
With a pressed or a machined cage4. 
Insensitive to shaft deflection and misalignment of the shaft 5. 
relative to the housing

III. Logarithmic Functionality

A. Formula and its Improvement
Johns-Gohar improved Lundberg’s formula, showing the following 
equation (2):

              (1)
where
a : 1/2 of the effective contact length
b : Half width of contact
E’ : Equivalent Young’s modulus 
E : Young’s modulus
v: Poisson’s ratio
l : Effective contact length
Q : Load
y : Position in the axial direction
z (y): Drop at the position in the axial direction y
However, when this equation is applied, carrying out the calculation 
using the technique to be described later results in edge stress 
occasionally. This trend becomes more remarkable under the 
presence of misalignment. Providing a cylindrical roller or conical 
roller with a straight section may be desirable for machining or 
functional reasons; however, using this equation does not allow 
a straight section to be set up.
To solve this problem, three design parameters, K1, Km, and zm, 
are introduced into equation (1) written it into equation (2):

 

     (2)
where ym denotes the length of the straight section and is given 
by

             (3)
As described above, a straight section is set up on  the roller of a 
cylindrical roller bearing in some cases. If equation (3) is used, 
the length of crowning ym can be established by specifying K1, 
Km, and zm ; however, directly giving ym as a design parameter 
is more convenient. Therefore, let us determine Km on the basis of 
equation (3) by substituting Km into equation (2), which gives



IJRMET Vol. 3, IssuE 1, NoV - ApRIl 2013

w w w . i j r m e t . c o m InternatIonal Journal of research In MechanIcal engIneerIng & technology 31

 ISSN : 2249-5762 (Online)  |  ISSN : 2249-5770 (Print)

            (4)
Further, defining K2 as shown below
ym = K2a
which gives the following equation:

             (5)

Where  
In this equation, the design parameters have the following 
meanings:
K1 : Multiple of Q
K2 : Ratio of the crowning length to a
zm : Drop at the end of the effective contact length
K1 corresponds to the curvature of the crowned section 
geometrically. 
Selecting these design parameters adequately makes it possible 
to design a logarithmically crowned shape that will not produce 
edge stress even if the roller is tilted.

Fig. 4: Logarithmic Profile Parameters

IV. Rolling Bearing Construction
Most rolling bearings consist of rings with raceway (an inner 
ring and an outer ring), rolling elements (either balls or rollers) 
and a rolling element retainer. The retainer separates the rolling 
elements at regular intervals holds them in place within the inner 
and outer raceways, and allows them to rotate freely. See figs. 
5(a) - 5(b). 

Fig. 5: (a). Deep Groove Ball Bearing,  (b). Angular Contact 
Ball Bearing

Rolling elements come in two general shapes: ball or rollers. 
Rollers come in four basic styles: cylindrical, needle, tapered, 
and spherical.
Balls geometrically contact the raceway surfaces of the inner and 
outer rings at “points”, while the contact surface of  rollers is a 
“line” contact.

Fig. 6(a): Cylinder Roller Bearing, (b). Needle Roller Bearing

Theoretically, rolling bearings are so constructed as to allow the 
rolling elements to rotate orbitally while also rotating on their 
own axes at the same time.

Fig. 7(a): Tapered Roller Bearing, (b). Spherical Roller Bearing

While the rolling elements and the bearing rings take any load 
applied to the bearings (at the contact point between the rolling 
elements and raceway surfaces), the retainer takes no direct load. 
It only serves to hold the rolling units at equal distances from each 
other and prevent them from falling out.
Classification of rolling bearings
Rolling bearings fall into two main classifications: ball bearings 
and roller bearings. Ball bearings are classified according to 
their bearing ring configurations: deep groove, angular contact 
and thrust types. Roller bearings on the other hand are classified 
according to the shape of the rollers: cylindrical, needle, taper 
and spherical.
Rolling bearings can be further classified according to the direction 
in which the load is applied; radial bearings carry radial loads and 
thrust bearings carry axial loads.

Fig. 8(a): Thrust Ball Bearing, (b). Thurst Roller Bearing  
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Fig. 9: Circulllar View of Ball Bearing

Other classification methods include:
Number of rolling rows (single, multiple, or 4-row)1. 
Separable and non-separable, in which either the inner ring 2. 
or the outer ring can be detached
Thrust bearings which can carry axial loads in only one 3. 
direction, and double direction thrust bearings which can 
carry loads in both directions.

Fig. 10: Ball Bearings, (a). Radial Type, (b). Thrust Type

There are also bearings designed for special applications, such 
as: railway car journal roller bearings (RCT bearings), ball screw 
support bearings, turntable bearings, as well as rectilinear motion 
bearings (linear ball bearings, linear roller bearings and linear flat 
roller bearings).
Self-aligning roller bearings with a spherical outer raceway 
Self-aligning roller bearings with a spherical inner raceway Ball 
thrust bearings Needle roller bearings Roller bearing assemblies 
are usually easy to disassemble for inspection, cleaning, 
and replacement of parts. Ball bearings are assembled by the 
manufacturer and are installed, or replaced, as a unit. Sometimes 
maintenance publications refer to roller and ball bearings as either 
trust or radial bearings. The difference between the two depends 
on the angle of intersection between the direction of the load and 
the plane of rotation of the bearing, fig. 10 (a) shows a radial ball 
bearing assembly. The load shown is pressing outward along the 
radius of the shaft. Now suppose a strong thrust were to be exerted 
on the right end of the shaft in an effort to fig. 10 (b). Radial-thrust 
roller bearing. move it to the left. You would find that the radial 
bearing is not designed to support this axial thrust. Even putting 
a shoulder between the load and the inner race wouldn’t support 
it; instead, the bearings would pop out of their races.

Fig. 11: Schematic of Contact Profile of Roller on Flat Race

Table 1: Analytical results corresponding to roller-flat contact.

Supporting a thrust on the right end of the shaft would require the 
thrust bearing arrangement of the braces shown in fig. 11-5, B. A 
shoulder under the lower race and another between the load and 
the upper race would handle any axial load up to the design limit 
of the bearing. Sometimes bearings are designed to support both 
thrust and radial loads. This explains the use of the term “radial 
thrust” bearings. The tapered roller bearing in figure 11-6 is an 
example of a radial-thrust roller bearing. Antifriction bearings 
require smaller housings than other bearings of the same load 
capacity and can operate at higher speeds.

V. Simulation Analysis

A. Software Developed for Analyzing High-Speed Rolling-
Element Bearings
COBRA-AHS (Computer Optimized Ball & Roller Bearing 
Analysis--Advanced High Speed, J.V. Poplawski & Associates, 
Bethlehem, PA) is used for the design and analysis of rolling 
element bearings operating at high speeds under complex 
mechanical and thermal loading. The code estimates bearing 
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fatigue life by calculating three-dimensional subsurface stress 
fields developed within the bearing raceways. It provides a state-
of-the-art interactive design environment for bearing engineers 
within a single easy-to-use design-analysis package. The code 
analyzes flexible or rigid shaft systems containing up to five 
bearings acted upon by radial, thrust, and moment loads in 5 
degrees of freedom. Bearing types include high-speed ball, 
cylindrical roller, and tapered roller bearings.
COBRA-AHS is the first major upgrade in 30 years of such 
commercially available bearing software. The upgrade was 
developed under a Small Business Innovation Research contract 
from the NASA Glenn Research Center, and incorporates the 
results of 30 years of NASA and industry bearing research and 
technology.

 
Fig. 5: Temperature Distribution Within the High-Speed Ball 
Bearing

Output generated by COBRA-AHS includes bearing deflection 
due to the imposed loads, contact stresses between the elements 
and races, heat generation, and bearing fatigue life. The program 
has a modern menu-driven Windows interface, allowing users 
to interactively change input data and quickly see the effect on 
bearing performance. It also interacts automatically with the 
widely used ANSYS finite-element analysis program to generate 
finite-element models of the bearing locations. These models are 
used for estimating the level and distribution of temperatures 
within the bearing rings, balls, shaft, and housing sections (see 
the preceding figure), as well as temperature-induced changes in 
dimensions. This iterative thermal and dimensional interactive 
analysis is thereby able to track changes in clearance within the 
bearing and forecast potential thermal lockup of the bearing.
Much of the code output is graphical for easy interpretation. The 
following figure shows example output for a cylindrical roller 
bearing. The left side of the figure is a section through the bearing, 
and the right side shows the contact stress pattern between the 
roller and raceway. Notice that this particular case results in 
high stress at the ends of the roller, a condition that can lead to 
premature fatigue of the bearing in that region. To reduce this 
high stress, designers reduce the roller diameter slightly near its 
ends, a technique called crowning. With COBRA-AHS, a designer 
can manipulate the various roller crown parameters interactively, 
getting an immediate update of the contact stress map, in an attempt 
to achieve a uniform stress at the contact surface.

 
Fig. 6: Left: Cylindrical Roller Bearing. Right: Example of Stress 
Between the Roller and Raceway

B. Long Description of fig. 2
The principal use of COBRA-AHS is the design and analysis of 
rolling-element bearings for high-speed rotating machinery, such 
as jet engines, pumps, turbo compressors, and dental drills. On 
the basis of its advanced capabilities, the code is being selected 
as the replacement for the previous industry-standard high-speed 
bearing program. COBRA-AHS is currently being used by NASA 
to perform a design audit and analyses on the bearing system for 
the proposed International Space Station centrifuge. 

VI. Conclusion
In this study stress analysis is based on two-dimensional model of 
the roller and raceways. The flat profile of roller element results 
in the edge stress concentration. Circular crowning eliminates the 
edge stress concentration at the low and moderate loads however; 
it develops edge concentration at heavy loads. The logarithmic 
profile of the roller results no edge stress concentration at low, 
medium and high loads and the contact stresses also distributed 
uniformly along the length of the roller.
The optimization condition is either the maximum contact pressure 
at its lowest or the maximum life. By numerically optimizing these 
design parameters, the optimum logarithmic crowning for a roller 
bearing can be obtained even under the presence of misalignment. 
Simulation results show the Cylindrical bearing stress between 
the roller and  raceway.
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