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A bearing is a device to allow constrained relative motion between two or more parts, 
typically rotation or linear movement.

Bearings may be classified broadly according to the motions they allow and according to 
their principle of operation as well as by the directions of applied loads they can handle.

There are many types of bearings, with varying shape, material, lubrication, principal of 
operation, and so on.

For example, rolling‐element bearings use spheres or drums rolling 
between the parts to reduce friction; reduced friction allows tighter 
tolerances and thus higher precision than a plain bearing, and reduced 
wear extends the time over which the machine stays accurate.
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Plain bearings are commonly made of varying types of metal or plastic depending on the 
load, how corrosive or dirty the environment is, and so on.

Bearing friction and life may be altered dramatically by the type and application of 
lubricants.

A lubricant may improve bearing friction and life, but for food processing a bearing may be 
lubricated by an inferior food‐safe lubricant to avoid food contamination; in other situations 
a bearing may be run without lubricant because continuous lubrication is not feasible, and 
lubricants attract dirt that damages the bearings.
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There are at least six common principles of operation for bearings:
• plain bearing, also known by the specific styles: bushings, journal bearings, sleeve 

bearings, rifle bearings.
• rolling‐element bearings such as ball bearings and roller bearings. Also angular 

contact bearing: designed for combination radial and axial loading.
• jewel bearings, in which the load is carried by rolling the axle slightly off‐center.
• fluid bearings, in which the load is carried by a gas or Liquid.
• magnetic bearings, in which the load is carried by a magnetic field.
• flexure bearings, in which the motion is supported by a load element which bends.
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Common motions permitted by bearings are:
• axial rotation e.g. shaft rotation
• linear motion e.g. drawer
• spherical rotation e.g. ball and socket joint
• hinge motion e.g. door, elbow, knee
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Bearings are manufactured to take pure radial loads, pure thrust loads, or a combination
of the two kinds of loads. 

The nomenclature of a ball bearing is illustrated in Fig. 11–1, which also shows the four 
essential parts of a bearing: These are:

1. the outer ring, 
2. the inner ring, 
3. the balls or rolling elements, and 
4. the separator. 

In low-priced bearings, the separator is sometimes omitted, but it has the important 
function of separating the elements so that rubbing contact will not occur.
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Various types of ball bearings



Types of roller bearings



How are bearings made?

https://www.youtube.com/watch?v=b6svVy1lYOA

https://www.youtube.com/watch?v=b6svVy1lYOA


When the ball or roller of rolling-contact bearings rolls, contact stresses occur on the
inner ring, the rolling element, and on the outer ring. 

Because the curvature of the contacting elements in the axial direction is different from that 
in the radial direction, the equations for these stresses are more involved than in the Hertz 
equations. 

If a bearing is clean and properly lubricated, is mounted and sealed against the entrance of 
dust and dirt, is maintained in this condition, and is operated at reasonable temperatures, 
then metal fatigue will be the only cause of failure.

Bearing Life



Inasmuch as metal fatigue implies many millions of stress applications successfully endured, 
we need a quantitative life measure. 

Common life measures are:
• Number of revolutions of the inner ring (outer ring stationary) until the first 

tangible evidence of fatigue.
• Number of hours of use at a standard angular speed until the first tangible 

evidence of fatigue.

It is important to realize, as in all fatigue, life as defined above is a stochastic variable and, as 
such, has both a distribution and associated statistical parameters.

The life measure of an individual bearing is defined as the total number of revolutions (or 
hours at a constant speed) of bearing operation until the failure criterion is developed.

Bearing Life



The American Bearing Manufacturers Association (ABMA) standard states that the failure 
criterion is the first evidence of fatigue. 

The fatigue criterion used by the Timken Company laboratories is the spalling or pitting of 
an area of 0.01 in2. 

Timken also observes that the useful life of the bearing may extend considerably beyond 
this point. 

This is an operational definition of fatigue failure in rolling bearings.

Bearing Life



The rating life is a term sanctioned by the ABMA and used by most manufacturers.

The rating life of a group of nominally identical ball or roller bearings is defined as the
number of revolutions (or hours at a constant speed) that 90 percent of a group of bearings
will achieve or exceed before the failure criterion develops. 

The terms minimum life, L10 life, and B10 life are also used as synonyms for rating life. 

The rating life is the 10th percentile location of the bearing group’s revolutions-to-failure 
distribution.

Bearing Life



Median life is the 50th percentile life of a group of bearings. 

When many groups of bearings are tested, the median life is between 4 and 5 times the L10

life.

Each bearing manufacturer will choose a specific rating life for which load ratings of its 
bearings are reported. The most commonly used rating life is 106 revolutions.

The Timken Company is a well-known exception, rating its bearings at 3 000 hours
at 500 rev/min, which is 90(106) revolutions. 

These levels of rating life are actually quite low for today’s bearings, but since rating life is an 
arbitrary reference point, the traditional values have generally been maintained.

Bearing Life



When nominally identical groups are tested to the life-failure criterion at different loads, the 
data are plotted on a graph as depicted in Fig. 11–4 using a log-log transformation.

To establish a single point, load F1 and the rating life of group one (L10) 1are the coordinates 
that are logarithmically transformed. 

Bearing Load Life at Rated Reliability



The reliability associated with this point, and all other points, is 0.90. Thus we gain a glimpse 
of the load-life function at 0.90 reliability. Using a regression equation of the form:

the result of many tests for various kinds of bearings result in
• a = 3 for ball bearings
• a = 10/3 for roller bearings (cylindrical and tapered roller)

A catalog load rating is defined as the radial load that causes 10 percent of a group of 
bearings to fail at the bearing manufacturer’s rating life. 

We shall denote the catalog load rating as C10. The catalog load rating is often referred to as 
a Basic Dynamic Load Rating, or sometimes just Basic Load Rating, if the manufacturer’s 
rating life is 106 revolutions. 
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The radial load that would be necessary to cause failure at such a low life would be 
unrealistically high. 

Consequently, the Basic Load Rating should be viewed as a reference value, and not as an 
actual load to be achieved by a bearing.

In selecting a bearing for a given application, it is necessary to relate the desired load and 
life requirements to the published catalog load rating corresponding to the catalog rating 
life. From Eq. (11–1) we can write:

where the subscripts 1 and 2 can refer to any set of load and life conditions. 
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Letting F1 and L1 correlate with the catalog load rating and rating life, and F2 and L2 correlate 
with desired load and life for the application, we can express Eq. (11–2) as:

where the units of LR and LD are revolutions, and the subscripts R and D stand for
Rated and Desired.

It is sometimes convenient to express the life in hours at a given speed. Accordingly, any life 
L in revolutions can be expressed as:

where  l  is in hours, n is in rev/min, and 60 min/h is the appropriate conversion factor.
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Incorporating Eq. (b) into Eq. (a),
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Solving Eq. (c) for FR, and noting that it is simply an alternate notation for the catalog load 
rating C10, we obtain an expression for a catalog load rating as a function of the desired load, 
desired life, and catalog rating life.

It is sometimes convenient to define xD = LD/LR as a dimensionless multiple of rating life.

Bearing Load Life at Rated Reliability
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A ball bearing is capable of resisting radial loading and a thrust loading. Furthermore,
these can be combined. 

Consider Fa and Fr to be the axial thrust and radial loads, respectively, and Fe to be the 
equivalent radial load that does the same damage as the combined radial and thrust loads 
together. 

A rotation factor V is defined such that V = 1 when the inner ring rotates and V = 1.2 when 
the outer ring rotates. 

Self-aligning bearings are an exception: they have V = 1 for rotation of either ring. Straight or 
cylindrical roller bearings will take no axial load, or very little.

Combined Radial and Thrust Loading



Two dimensionless groups can 
now be formed: Fe/(VFr) and 
Fa/(VFr). 

When these two dimensionless 
groups are plotted as in Fig. 11–6, 
the data fall in a gentle curve that 
is well approximated by two 
straight-line segments. 

The abscissa e is defined by the 
intersection of the two lines. 

Combined Radial and Thrust Loading



The equations for the two lines shown in Fig. 11–6 are:

where, X is the ordinate intercept and Y is the slope of the line for Fa/(VFr) > e. 
It is common to express Eqs. (11–11a) and (11–11b) as a single equation,

where i = 1 when Fa/(VFr)  e and i = 2 when Fa/(VFr) > e. The X and Y factors
depend upon the geometry and construction of the specific bearing.

Combined Radial and Thrust Loading



Table 11–1 lists representative values of X1, Y1, X2, and Y2 as a function of e, which in turn is 
a function of Fa/C0, where C0 is the basic static load rating. 

Combined Radial and Thrust Loading



The basic static load rating is the load that will produce a total permanent deformation in 
the raceway and rolling element at any contact point of 0.0001 times the diameter of the 
rolling element. 

The basic static load rating is typically tabulated, along with the basic dynamic load rating
C10, in bearing manufacturers’ publications.

The ABMA has established standard boundary dimensions for bearings, which define the 
bearing bore, the outside diameter (OD), the width, and the fillet sizes on the shaft and 
housing shoulders. 

The basic plan covers all ball and straight roller bearings in the metric sizes. The plan is 
quite flexible in that, for a given bore, there is an assortment of widths and outside 
diameters. Furthermore, the outside diameters selected are such that, for a particular 
outside diameter, one can usually find a variety of bearings having different bores and 
widths.
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The bearings are identified by a two-digit number called the dimension-series code. 

The first number in the code is from the width series, 0, 1, 2, 3, 4, 5, and 6. The second 
number is from the diameter series (outside), 8, 9, 0, 1, 2, 3, and 4. Figure 11–7 shows the 
variety of bearings that may be obtained with a particular bore. 

Since the dimension series code does not reveal the dimensions directly, it is necessary to 
resort to tabulations. 
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The 02 series is used here as an example of 
what is available. See Table 11–2.

The housing and shaft shoulder diameters 
listed in the tables should be used whenever 
possible to secure adequate support for the 
bearing and to resist the maximum thrust 
loads (Fig. 11–8). 

Table 11–3 lists the dimensions and load 
ratings of some straight roller bearings.

Combined Radial and Thrust Loading



Combined Radial and Thrust Loading



To assist the designer in the selection of bearings, most of the manufacturers’ handbooks 
contain data on bearing life for many classes of machinery, as well as information on load-
application factors. 

Such information has been accumulated the hard way, that is, by experience, and the 
beginner designer should utilize this information until he or she gains enough experience to 
know when deviations are possible. 

Table 11–4 contains recommendations on bearing life for some classes of machinery. The 
load-application factors in Table 11–5 serve the same purpose as factors of safety; use 
them to increase the equivalent load before selecting a bearing.
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An SKF 6210 angular-contact ball bearing has an axial load Fa of 400 lbf and a radial load Fr

of 500 lbf applied with the outer ring stationary. 

The basic static load rating C0 is 4450 lbf and the basic load rating C10 is 7900 lbf. Estimate 
the 10 life at a speed of 720 rev/min.

Solution
1. Find the combined load, Fe
2. Calculate 10 from equation 11-3. 
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Select a single-row, deep-groove SKF 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. Use the table in next 
slides. Go to SKF website and find the full properties of the selected bearing: CAD model, 
Technical specifications datasheet, (www.skf.com).  

Example 04

Select a single-row, deep-groove SKF ball bearing from the Table in the next slides 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 20 000 h is desired. The minimum acceptable diameter for the shaft is 3.10 in. 
Go to SKF website and find the full properties of the selected bearing: CAD model, 
Technical specifications datasheet, (www.skf.com). 
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Dimensions for Single Row, Deep-groove Ball Bearings
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Thus far we have used the basic L10 life for selecting rolling contact bearings. This is the 
general industrial practice and the basis for data published by most bearing
manufacturers. 

Recall that L10 life indicates a 90% probability that the selected bearing would carry its 
rated dynamic load for the specified number of design hours. That leaves a 10% probability 
that any given bearing would have a lower life.

Certain applications call for greater reliability. Examples can be found in the aerospace, 
military, instrumentation, and medical fields. 

It is then desirable to be able to adjust the expected life of a bearing for higher
reliability. 

Adjustment of Life Rating for Reliability 



LaR = CR L10

where
L10 = Life in millions of revolutions for 90% reliability
LaR = Life adjusted for reliability
CR = Adjustment factor for reliability (Values can taken from the Table below)

It should be noted that one result of 
designing for higher reliability is that 
the bearings would be larger and more 
expensive.

ASME Tribology Division. Standard ISO 281/2—Life
Ratings for Modern Rolling Bearings. New York: ASME
Press, 2003.

Adjustment of Life Rating for Reliability 



The second shaft on a parallel-shaft 25-hp 
foundry crane speed reducer contains a 
helical gear with a pitch diameter of 8.08 in. 
Helical gears transmit components of force 
in the tangential, radial, and axial directions. 

The components of the gear force 
transmitted to the second shaft are shown 
at point A. The bearing reactions at C and D, 
assuming simple-supports, are also shown.

An SKF ball bearing is to be selected for 
location C to accept the thrust (why?), and 
an SKF cylindrical roller bearing is to be 
utilized at location D.
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The life goal of the speed reducer is 10 kh, 
with a reliability factor for the ensemble of 
all four bearings (both shafts) to equal or 
exceed 0.96. The application factor is to be 
1.2.

1. Select the roller bearing for location D.
2. Select the ball bearing (angular contact) 

for location C, assuming the inner ring 
rotates.

Provide full specifications of the selected 
bearings.
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Bearing loads are frequently variable and occur in some identifiable patterns:
• Piecewise constant loading in a cyclic pattern
• Continuously variable loading in a repeatable cyclic pattern
• Random variation

Equation (11–1) can be written as

Note that F may already be an equivalent steady radial load for a radial–thrust load
combination. 

Variable Loading



Figure 11–9 is a plot of Fa as ordinate and L as abscissa for Eq. (a). If a load level of F1 is 
selected and run to the failure criterion, then the area under the F1-L1 trace is numerically 
equal to K. The same is true for a load level F2; that is, the area under the F2-L2 trace is 
numerically equal to K. The linear damage theory says that in the case of load level F1, the 
area from L = 0 to L = LA does damage measured by Fa

1LA = D.

Variable Loading



Consider the piecewise continuous cycle depicted in Fig. 11–10. The loads Fei are 
equivalent steady radial loads for combined radial–thrust loads. The damage done by 
loads Fe1, Fe2, and Fe3 is:

where li is the number of revolutions at life Li. The equivalent steady load Feq when
run for l1 + l2 + l3 revolutions does the same damage D.
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Selection of Tapered Roller Bearings

The taper on the rollers of tapered roller bearings results in a load path different from that 
for the bearings discussed thus far. The figure below shows two tapered roller bearings 
supporting a shaft with a combination of a radial load and a thrust load.



Selection of Tapered Roller Bearings

The design of the shaft is such that the thrust load is resisted by the left bearing. But a 
peculiar feature of this type of bearing is that a radial load on one of the bearings creates 
a thrust on the opposing bearing, also; this feature must be considered in analysis of the 
bearing.

The location of the radial reaction must 
also be determined with care. Part (b) of  
the figure shows a dimension a that is 
found by the intersection of a line
perpendicular to the axis of the roller and 
the centerline of the shaft. 

The radial reaction at the bearing acts
through this point. The distance a is 
reported in the tables of data for the 
bearings.



Selection of Tapered Roller Bearings

The American Bearings Manufacturers’ Association (ABMA) recommends the following 
approach in computing the equivalent loads on a tapered roller bearing:

Equivalent Load for Tapered Roller Bearing:

Where:
PA = equivalent radial load on bearing A
PB = equivalent radial load on bearing B
FrA = applied radial load on bearing A
FrB = applied radial load on bearing B
TA = thrust load on bearing A
YA = thrust factor for bearing A from tables
YB = thrust factor for bearing B from tables



Selection of Tapered Roller Bearings

For the several hundred designs of standard tapered roller bearings available 
commercially, the value of the thrust factor varies from as small as 1.07 to as high as
2.26. 

In design problems, a trial-and-error procedure is usually necessary. 



Selection of Tapered Roller Bearings

One caution must be observed in using the equations for equivalent loads for tapered 
roller bearings. If, from the equation, the equivalent load on bearing A is less than the 
applied radial load, the following equation should be used:

If PA < FrA, then let PA = FrA and compute PB.



The shaft shown carries a transverse load of 6800 lb and a thrust load of 2500 lb. 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.
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1. The loads on the bearings are
FrA = (6800 lb)(4 in/10 in) = 2720 lb
FrB = (6800 lb)(6 in/10 in) = 4080 lb
TA = 2500 lb

2. To use the design equation, we 
must  have values of YA and YB. 

Let’s use YA = YB = 1.75 (as a first assumption). Then:

gives: 
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3. let’s select 4000 h as a design life. 

4. Then the number of revolutions would be
Ld = (4000 h)(350 rpm)(60 min/h) = 8.4 * 107 rev
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5. The required basic dynamic load rating can now be calculated from equation 11-3 with a 
= 10/3: 

C10A = (7503 lb)(8.4 * 107/106)0.30 = 28 400 lb
C10B = (4080 lb)(8.4 * 107/106)0.30 = 15 400 lb

6. Now from the table choose:
Bearing A
d = 2.5000 in D = 5.0000 in
C = 29 300 lb YA = 1.65

Bearing B
d = 1.7500 in D = 4.0000 in
C = 21 400 lb YB = 1.50
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7. We can now re-compute the equivalent loads:

8. From these, the new values of C10A = 28 226 lb and C10B = 15 400 lb are still satisfactory 
for the selected bearings.
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A similar analysis is used for angular contact ball bearings in which the design of the races 
results in a load path similar to that for tapered roller bearings. 

This is equivalent to the line perpendicular to the axis of the tapered roller bearing. The
radial reaction on the bearing acts through the intersection of this line and the axis of the 
shaft. 

Also, a radial load on one bearing induces a thrust load on the opposing bearing, requiring 
the application of the equivalent load formulas of the type used in tapered rolling 
bearings.

The angle of the load line in commercially available angular contact bearings ranges from 
15° to 40°.

Angular contact ball bearings


