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8.1 Bearing Life

The various functions required of rolling bearings vary
according to the bearing application. These functions must
be performed for a prolonged period. Even if bearings are
properly mounted and correctly operated, they will eventually
fail to perform satisfactorily due to an increase in noise and
vibration, loss of running accuracy, deterioration of grease, or
fatigue flaking of the rolling surfaces.

Bearing life, in the broad sense of the term, is the period
during which bearings continue to operate and satisfy their
required functions. This bearing life may be defined as noise
life, abrasion life, grease life, or rolling fatigue life, depending
on which one causes loss of bearing service.

Rolling fatigue life is represented by the total number of
rotations at which time the bearing surface will start flaking
due to stress. This is called fatigue life. Even for seemingly
identical bearings, which are of the same type, size, and
material and receive the same heat treatment and other
processing, the rolling fatigue life varies greatly even under
identical operating conditions. This is because the flaking of
materials due to fatigue is subject to many other variables.
Consequently, “rating fatigue life”, in which rolling fatigue life
is treated as a statistical phenomenon, is used in preference
to actual rolling fatigue life.

Suppose a number of bearings of the same type are operated
individually under the same conditions. After a certain period
of time, 10% of them fail as a result of flaking caused by
rolling fatigue. The total number of rotations at this point is
defined as the rating fatigue life or, if the speed is constant,
the rating fatigue life is often expressed by the total number
of operating hours completed when 10% of the bearings
become inoperable due to flaking.

8.2 Basic Dynamic Load Rating and Fatigue Life

The basic load rating is defined as the constant load applied
on bearings with stationary outer rings that the inner rings
can endure for a rating life of one million revolutions. The
basic load rating of radial bearings is defined as a central
radial load of constant direction and magnitude.

The basic dynamic load ratings C are listed under Cr for radial
bearings and Ca for thrust bearings in the bearing tables. The
following relation exists between bearing load and rating
fatigue life:

Where L=Rating fatigue life (10° rev.)
P=Bearing load (equivalent load) (N), {kgf}
C=Basic load rating (N), {kgf}

In the case of bearings that run at a constant speed, it is
convenient to express the fatigue life in terms of hours. By
designating bearing speed as n(min”), the relation is obtained
as follows.
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The equivalent load P on radial bearings may be calculated
using the following equation.

P=XFr + YFa

Where Fr:Radial load (N), {kgft
Fa:Axial load (N), {kgf}
X:Radial load factor (Table 8.1)
Y:Axial load factor (Table 8.1)

TLERERHMETFIT7IEERE Table 8.1 Radial and axial load factors

Fa/Frseh&E Fa/Fr>ed &=
Cor/Fa e
X Y X Y
5 1 0 0.56 1.26 0.35
10 1 0 0.56 1.49 0.29
15 1 0 0.56 1.64 0.27
20 1 0 0.56 1.76 0.25
25 1 0 0.56 1.85 0.24
30 1 0 0.56 1.92 0.23
50 1 0 0.56 213 0.20
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8.3 Basic static load rating and static equivalent loads

Since rolling bearing is a high precision part, its handling should be
carried when subjected to an excessive load or strong shock load,
rolling bearings may incur a local permanent deformation of rolling
elements and raceway surface if the elastic limit is exceeded. The
nonelastic deformation increases in area and depth as the load
increases, and when the load exceeds a certain limit, the smooth
running of the bearing is impeded.

The basic static load rating is defined as that static load which
produces the contact stress of 4200MPa (428kgf/mm: - ball bearing) at
the center of the contact area between the rolling element subjected
to the maximum stress and the raceway surface. In this most heavily
stressed contact area, the sum of the permanent deformation of the
rolling element and that of the raceway is nearly 0.0001 times the
rolling diameter. The basic static load rating Co is written Cor for radial
bearings and Coa for thrust bearings in the bearing tables.

The static equivalent load is a magnitude of the static radial load which
causing the contact stress, equivalent to the maximum contact stress
occurring under actual load conditions, on a center of the contact
between the rolling element and raceway under maximum load.

The static equivalent load of radial bearings is taken as the larger value
of the two values obtained from the two equations below.

Po=XoFr+YoFa
Po=Fr

where Po: Static equivalent load (N), {kgft
Fr: Radial load (N), {kgf}
Fa: Axial load (N), {kgft
Xo: Static radial load factor 0.6
Yo: Static axial load factor 0.5

The static equivalent load allowed for bearings varies depending on
the basic static load rating, requirements of the bearings and bearing
operating conditions.

The allowable static load factor fs for review of the safety factor
against the basic static load rating is determined by following equation.
Generally recommended values of fs are shown in the chart.

fs=ColPo

where Co: Basic static load rating (N), {kgft
Po: Static equivalent load (N), {kgft
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