
ROLLING ELEMENT BEARINGS

Antifriction BearingsAntifriction Bearings
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Single-row, deep-groove ball bearing
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Double-row, deep-groove ball bearing
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Angular contact ball bearing
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Cylindrical roller
bearing
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Single- and double-row needle 
bearings
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Spherical roller bearing
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Tapered roller bearing
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Sectional views
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Ball
bearing pillow block
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Loads on Bearing
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Comparison of Rolling bearing types
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Hertzian contact stress
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Consider a solid sphere held in a Cup by a force F such 
that their point of contact expands into a circular area 
of radius, a

Where, Where, 
F= Applied force
V1 & V2= Poisons ratios for the sphere and cup
E1 & E2 = Elastic Modulii for sphere and cup
D1 and D2= diameters of sphere and cup

The maximum contact pressure occurs at the center 
point of the contact area
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TYPES OF LOADING AND STRESS RATIO

The primary factors to consider when
specifying the type of loading to which a
machine part is subjected are the manner of
variation of the load and the resulting variation
of stress with time. Stress variations areof stress with time. Stress variations are
characterized by four key values:
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The maximum and minimum stresses are
usually computed from known information by
stress analysis or finite-element methods, or
they are measured using experimental stress
analysis techniques. Then the mean and
alternating stresses can be computed from
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Stress Ratio

The behavior of a material under varying
stresses is dependent on the manner of the
variation. One method used to characterize
the variation is called stress ratio. Two types ofthe variation is called stress ratio. Two types of
stress ratios are commonly used, defined as
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Static Stress
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Repeated and Reversed Stress
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Fluctuating Stress
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Fluctuating Stress continued…
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Endurance Strength
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Endurance strength vs. tensile strength for 
wrought steel for various surface conditions
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Rolling Bearing Failures
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Fatigue failure
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Failures continued….

Fractured Flange     Outer Race Fretting   Inner Race Fretting
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Failures continued….

Uneven Wear Marks  Roller End Collapse   Roller End Chipping
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Failures continued….

Overheating            Smearing                Abrasive Wear
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Failures continued….

Roller Peeling       Roller Breakage      Magnetic Damage
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Comparison of  bearing materials
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LOAD/LIFE RELATIONSHIP

L2/L1 =(P1/P2)^k,
Where k =3.00 for Ball Brgs.
 =3.33 fro roller brgs

Where Where 
P1 & L1 = rated load and life

P2 & L2= Design load and life
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Bearing Selection data for single row, 
deep groove ball bearings
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Table continued….
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Rated Life and Basic dynamic load rating

• The rated life is the standard means of reporting
the results of many tests of bearings of a given
design. It represents the life that 90% of the
bearings would achieve successfully at a rated
load.

• It also represents the life that 10% of the bearings
would not achieve. The rated life is thus typicallywould not achieve. The rated life is thus typically
referred to as the L10 life at the rated load.

• Now the basic dynamic load rating can be defined
as that load to which the bearings can be subjected
while achieving a rated life (L10) of 1 million
revolutions (rev).
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Problem: A catalog lists the basic dynamic load 
rating for a ball bearing to be 8000 lb for a 
rated life of 1 million rev. What would be the 
expected L10 life of the bearing if it were 
subjected to a load of 4000 lb?
Solution: 
P1 = 8000 Ib, L1=106
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P1 = 8000 Ib, L1=106
P2 =4000 Ib, k=3
L2= 10^6 ( 8000/4000)^3 = 8x10^6 rev
This is interpreted as L10  life at Load of 4000 Ib



Procedure for computing the required basic dynamic 
load rating C for a given design load Pd and a given 

design life Ld

We have already discussed^
L2/L1 = ( P1/P2)^K
L2= Ld= L1 ( P1/P2)^K
Ld = ( C/Pd)^K (10^6)Ld = ( C/Pd)^K (10^6)

If the reported load data in the manufacturer's
literature is for 10^6 revolutions the above equation
can be written as
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The required C for a given design load and 
life would be

Now, for a specified design life in hours, and a 
known speed of rotation in rpm, the number of known speed of rotation in rpm, the number of 
design revolutions for the bearing would be
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Recommended design life for bearings
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• The rated life of 1 million rev would be achieved 
by a shaft rotating at rpm for 500 h. 

• If the actual speed or desired life is different from 
these two values, a speed factor fN and a life these two values, a speed factor fN and a life 
factor fL can be determined from charts shown in 
the next slide. 

• The factors account for the load/life relationship.
• The required basic dynamic load rating, C, for a 

bearing to carry a design load, Pd, would then be
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Life and speed factors for ball and 
roller bearings
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Problem: Compute the required basic dynamic load rating,
C for a ball bearing to carry a radial load of 700 lb from a
shaft rotating at 500 rpm that is part of an assembly
conveyor in a manufacturing plant.
Solution:
From table, a design life of 30 000 h is desired  
Then Ld is

Ld = (30,000) (500) (60 min/h)=9x10^8  rev
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C= Pd(Ld/10^6)^I/k
C =700( 9x10^8)/10^6) ^1/k
C= 6743 Ib
Also C= Pd (  fL/fN) 

C=  700 ( 3.91/.41))= 6670 Ib



Procedure for Selecting a Bearing 
Radial Load Only

Step 1: Specify the design load on the bearing, usually 
called equivalent load. The method of determining the 
equivalent load when only a radial load, R, is applied 
takes into account whether the inner or the outer race 
rotates.rotates.
P = VR

where V = rotation factor 
V=1.0 if the inner race of the bearing rotates,

= 1.2 if the outer race rotates
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Step 4: Specify the design life of the bearing, using 
the following table
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Step 5: Determine the speed factor and the life 
factor if such tables are available for the selected 
type of bearing.
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Step 6: Compute the required basic dynamic load 
rating C from following equations

or
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Step 7: Identify a set of candidate bearings that have 
the required basic dynamic load rating.

Step 8: Select the bearing having the most 
convenient geometry, also considering its cost and 
availability.
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Step 9: Determine mounting conditions, such as 
shaft seat diameter and tolerance, housing bore 
diameter and tolerance, means of locating the 
bearing axially, and special needs such as seals or 
shields.



Problem: Select a single-row, deep-groove ball bearing
to carry 650 lb of pure radial load from a shaft that
rotates at 600 rpm. The design life is to be 30 000 h. The
bearing is to be mounted on a shaft with a minimum
acceptable diameter of 1.48 in.
Solution:
• Note that this is a pure radial load and the inner race is 

to be pressed onto the shaft and rotates with it. 
Therefore, the rotation factor V= 1.0 in
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Therefore, the rotation factor V= 1.0 in
• Therefore From equation

P=R
the design load is equal to the radial load.



We know, 

Also, Dynamic load rating
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• Giving design data for two classes of 
bearings, we find from table that we could 
use a bearing 6211 or a bearing 6308.
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• Either has a rated C of just over 6670 lb. 
• But note that the 6211 has a bore of 55 mm 

(2.1654 in), and the 6308 has a bore of 40 
mm (1.5748 in). The 6308 is more nearly in 
line with the desired shaft size.

Summary of data for the selected bearing:
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BEARING SELECTION:
RADIAL AND THRUST LOADS COMBINED

For this case equivalent load is given by
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• The values of X and Y vary with the specific 
design of the bearing and with the magnitude 
of the thrust load relative to the radial load.

• For relatively small thrust loads, X = 1 and Y = 
0, so the equivalent load equation reverts to 
the form  for pure radial loads.

i.e.,
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• To indicate the limiting thrust load for which this is the 
case, manufacturers list a factor called e. 

• If the ratio T/R > e Equation 

must be used to compute P.
• If T/R < e. Equation 

must be used to compute P.
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Radial and thrust factors for single-
row, deep-groove ball bearings

where Co is the static load rating of a particular bearing.
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Procedure for Selecting a
Bearing—Radial and Thrust Load

Step 1: Assume a value of Y from Table . The 
value Y =1.50 is reasonable, being at about the 
middle of the range of possible values.
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Step 2: Compute

Step 3: Compute the required basic dynamic load Step 3: Compute the required basic dynamic load 
rating C.
Step 4: Select a candidate bearing having a value 
of C at least equal to the required value.
Step 5: For the selected bearing, determine Co.

Step 6: Compute T/Co.
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Step 7: From Table  determine e,

Step 8: If T/R > e, then determine Y from Table.

Step 9: If the new value of Y is different from that 
assumed in Step 1, repeat the process.

Step 10: If T/R < e, use  equation                     to 
compute P, and proceed as for a pure radial load.
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Problem: Select a single-row, deep-groove ball 
bearing from Table to carry a radial load of 
1850 lb and a thrust load of 675 lb. The shaft is 
to rotate at 1150 rpm, and a design life of 
20000 h is desired. The minimum acceptable 
diameter for the shaft is 3.10 in.
Solution:

59

Solution:
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Tapered roller bearing
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Tapered roller bearing installation
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The American Bearings Manufacturers" 
Association (ABMA) recommends the following 
approach in computing the equivalent loads on 
a tapered roller bearing:
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Tapered Roller Bearing data
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Problem: The shaft shown in previous figure 
carries a transverse load of 6800 lb and a thrust 
load of 2500 Ib. The thrust is resisted by bearing 
A. The shaft rotates at 350 rpm and is to be used 
in a piece of agricultural equipment. Specify 
suitable tapered roller bearings for the shaft.
Solution: Solution: 
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we must assume values of YA and YB.
Let's use YA = YB = 1.75. Then,

• Using Table  as a guide, let's select 4000 h as a 
design life.
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The required basic dynamic load rating can 
now be calculated , using k = 3.33
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From following Table , we can choose the 
bearings.
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Life of bearing

mean effective load, Fm:
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Problem

Solution:
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