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11.9 Failure of Rolling-Element Bearings

REBs fail by surface fatigue as described in Chapter 7, even if they are carefully installed, 
properly lubricated, kept free of foreign material, and are not overloaded. This is, of course,
due to the repeating Hertzian stresses that occur on all surfaces of contact in the inner and 
outer raceways and on the rolling elements. 

Since the Hertzian stresses are usually more than the endurance limit of the material, the 
bearing has a limited life. Failure is considered to occur when either raceway or balls 
(rollers) exhibit the first pit. 

Typically the raceway fails first and the bearing will give an audible indication that pitting 
has begun. This will then lead to spalling or fracture of the rolling elements and possible 
jamming and damage to other connected elements.

"Life" of a bearing is defined as the number of revolutions, or the number of hours of 
operation at a constant speed, before failure occurs.

Bearings are typically rated based on the life that 90% of a random sample of bearings of 
that size can be expected to reach or exceed at their design load. 

In other words, 10% of the batch can be expected to fail at that load before the design life 
is reached. This is called the L10 life. Some manufacturers refer to this as B90 or C90. We 
mainly use this parameter and the applied loads to select bearings.

The L10 life is taken as the reference in Fig. 11-22 which shows the percentage of bearing 
failures (survivals) as a function of relative fatigue life. The curve is linear until
L50. After that point the curve is highly nonlinear: 

@ 5L10, 50% of bearings are running
@ 20L10, only 3% of bearings are still running
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If we test a large number of same size 
bearings, we will find that their fatigue 
lives have a skewed distribution (i.e., not 
Gaussian). The mathematical formula for 
this distribution was proposed by the 
Swedish engineer, W. Weibul.  

Based on Weibul's distribution, the AFBMA 
has recommended the life adjustment 
reliability factor, KR, given in Table 11-5. 

This factor is applicable to both ball and 
roller bearings. The life L for failure 
percentages other than the reference life, 
L10 (corresponding to 10% failure) can 
be calculated by multiplying L10 by KR.  Thus

where LP expressed in millions of revolution, is the life corresponding to a probability of 
failure P; and KR is the corresponding reliability factor given in Table 11-5.

11.10 Selection of Rolling-Element Bearings

For any application, we first choose the type of bearing that is most suitable for that 
application by using the information given in Figure 11-21. Next, we select an appropriate 
size bearing depending on the magnitude of applied loads and the desired fatigue life.

Basic Dynamic Load Rating C

The Basic Dynamic Load Rating C is defined as the radial load that will give a life of one 
million revolutions of the inner race. This load C is so large that it produces plastic yielding 
of contacting surfaces so it should never be applied. It is just used as a reference value by 
AFBMA. Extensive testing by bearing manufacturers has shown that

where 
L10 = Fatigue life in millions of revolutions

P = Radial applied load



The values of load C for each bearing is specified in bearing manufacturers' catalogs (see 
Fig. 11-23).

Basic Static load Rating C0

Bearing manufacturers also publish a Basic Static Load Rating C0 for each bearing, 
calculated according to AFBMA standards. C0 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 d of the rolling element. It usually takes a load of 8C0 or larger to 
fracture a bearing. The stresses required to produce this 0.0001d static deformation in 
steel are quite high; about 4 GPa (580 kpsi) in roller and 4.6 GPA (667 kpsi) in ball bearings. 
Fig. 10-23 shows values of C0 for various bearings.

Modified Bearing Life Rating

All the life rating equations we discussed above consider only Hertzian contact stresses. 
ASME and ISO have recently adopted a new standard ISO 281/2 for the calculation of 
rolling-element bearing life which also considers the effects of friction, hoop stress from 
press fits, lubrication, etc. The stresses due to these effects are then used to define an 
equivalent von Mises stress and a stress-life factor ASL which is then applied to L10 value of 
Eq. (11-20):

This gives a more accurate result than (11.20).  Calculation of ASL, however, is 
complicated (see Ref. [30]) and in the text ASL =1 is assumed.

From these and Eq. 11.19 we obtain:





               Example 1. Selection of Ball Bearings for Radial Load

Example 1: Shown in the figure is a gear-driven squeeze roll which mates with an idler 
roll, not shown. The roll is designed to exert a normal force of 30 lb/in of roll length 
and a pull of 24 lb/in on the material being processed. The roll speed is 300 rev/min, 
and an L10 life of 30 kh is desired. Select suitable deep-groove (Conrad-type) ball 
bearings to be mounted at O and A. Use the same-size bearings.





Combined Radial and Thrust Loads

If both radial and thrust loads are applied to a bearing, an equivalent load P must be 
calculated for use in Eq. 11.20. The AFBMA recommends:

where

P= Equivalent load for use in Eq. 11.20.
Fr = Applied constant radial load
Fa = Applied constant axial load
V = A rotation factor
X = A radial factor
Y = A thrust factor

Values of V, X, and Y are defined by bearing manufacturers in tables and figures such as 
Figure 11-24. Bearing types such as cylindrical rollers, that cannot support thrust loads 
are not included in this table. 

The axial force can be neglected if the ratio Fa / VFr  is less than a factor "e" which is also 
specified in Table 11-24. Hence,





       Example 2. Selection of Ball Bearings for Combined Radial and Thrust Loads

Select a ball bearing for an industrial machine intended for operation at 1800 rpm 
under radial and thrust loads of 268 lb (1200 N) and 337 lb (1500 N), respectively.
Find a suitable size, Conrad-type, deep-groove bearing to give an L10 life of 110 
million revolutions. The inner ring of bearing rotates.




