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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely with the
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It is often impractical to establish the suitability of a bearing selected for a specific application by testing a
sufficient number of bearings in that application. However, life, as defined in 3.1, is a primary representation of
the suitability. A reliable life calculation is therefore considered to be an appropriate and convenient substitute
for testing. The purpose of this International Standard is to provide the required basis for life calculation.
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3 Terms and definitions
For the purposes of this document, the terms and definitions given in ISO 5593 and the following apply.

3.1

life

(of an individual rolling bearing) number of revolutions which one of the bearing rings or washers makes in
relation to the other ring or washer before the first evidence of fatigue develops in the material of one of the
rings or washers or one of the rolling elements

NOTE Life may also be expressed in number of hours of operation at a given constant speed of rotation.

3.2

reliability
(in the contexi of bearing life) for a group of apparently identical rolling bearings, operating under thg same
conditions, the percentage of the group that is expected to attain or exceed a specified life

NOTE The|reliability of an individual rolling bearing is the probability that the bearing will attain or exceed a specified
life.

3.3
rating life
predicted valu¢ of life based on a basic dynamic radial load rating or a basieydynamic axial load rating

34
basic rating %;e

rating life assgciated with 90 % reliability for bearings manufactured with commonly used high quality material,
of good manufacturing quality, and operating under conventionaloperating conditions

3.5
modified rating life
rating life modified for 90 % or other reliability, bearing fatigue load, and/or special bearing properties,|and/or
contaminated |ubricant, and/or other non-conventional operating conditions

NOTE Thelterm “modified rating life” is new.in'this document and replaces “adjusted rating life”.

3.6
basic dynamig radial load rating
constant statignary radial load which a rolling bearing can theoretically endure for a basic rating life |of one
million revolutipns

NOTE In the case of a single-row angular contact bearing, the radial load rating refers to the radial component of that
load which causes a purely radial displacement of the bearing rings in relation to each other.

3.7
basic dynamig @xial load rating
constant centric axial load which a rolling bearing can theoretically endure for a basic raiing e or one million
revolutions

3.8

dynamic equivalent radial load

constant stationary radial load under the influence of which a rolling bearing would have the same life as it
would attain under the actual load conditions

3.9

dynamic equivalent axial load

constant centric axial load under the influence of which a rolling bearing would have the same life as it would
attain under the actual load conditions

2 © 1SO 2007 — All rights reserved
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3.10

fatigue load limit

bearing load under which the fatigue stress limit, o, is just reached in the most heavily loaded raceway
contact

3.1

roller diameter

(applicable in the calculation of load ratings) theoretical diameter in a radial plane through the middle of the
roller length for a symmetrical roller

NOTE 1 For a tapered roller, the applicable diameter is equal to the mean value of the diameters at the imaginary
sharp corners at the large end and at the small end of the roller.

NOTE 1 For an asymmetrical convex roller, the applicable diameter is an approximation of the diameter at the point of
contact|between the roller and the ribless raceway at zero load.

3.12
effective roller length
(applicpble in the calculation of load ratings) theoretical maximum length of contact between a|roller and that
raceway where the contact is shortest

NOTE This is normally taken to be either the distance between the theoretically sharp corners of the| roller minus the
roller chamfers or the raceway width, excluding the grinding undercuts, whichever is the smaller.

3.13
nomingl contact angle
angle between a plane perpendicular to a bearing axis (acradial plane) and the nominal line qf action of the
resultant of the forces transmitted by a bearing ring or washer to a rolling element

NOTE For bearings with asymmetrical rollers, the.nominal contact angle is determined by the ¢ontact with the
non-ribbed raceway.

3.14
pitch diameter of ball set
diameter of the circle containing the centres of the balls in one row in a bearing

3.15
pitch diameter of roller set
diameter of the circle intersecting the roller axes at the middle of the rollers in one row in a bearing

3.16
conveptional operating conditions
conditibns which~may be assumed to prevail for a bearing which is properly mounted and protected from
foreign matter,.adequately lubricated, conventionally loaded, not exposed to extreme temperatdre and not run
at exceptionally low or high speed

3.17
viscosity ratio

actual kinematic oil viscosity at operating temperature divided by the reference kinematic viscosity for
adequate lubrication

3.18

film parameter

ratio of lubricant film thickness to composite r.m.s. surface roughness, used to estimate the influence of
lubrication on bearing life

3.19

pressure-viscosity coefficient
parameter characterizing the influence of oil pressure on the oil viscosity in the rolling element contact

© 1SO 2007 — All rights reserved 3
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3.20
viscosity index
index characterizing the degree of influence of temperature on the viscosity of lubricating oils

4 Symbols
For the purposes of this document, the symbols given in ISO 15241 and the following apply.

a;go life modification factor, based on a systems approach of life calculation

i H EH £ $ £ Lakilit
a1 I|fe m moatuT TattuT TOUT TCTIAomty

b rating ffactor for contemporary, commonly used, high quality hardened bearing steel in.accordance

with ggod manufacturing practices, the value of which varies with bearing type and design

m

C, basic dynamic axial load rating, in newtons
C, basic gynamic radial load rating, in newtons
Cy fatigug load limit, in newtons

Cpa  basic static axial load rating3), in newtons

Cor  basic static radial load rating®), in newtons

D bearing outside diameter, in millimetres

Dpy pitch diameter of ball or roller set, in millimetres

D, nominal ball diameter, in millimetres

Dyye roller diameter applicable in the calculation of load ratings, in millimetres

d bearing bore diameter, in millimetres

e limiting value of F, /F for-the applicability of different values of factors X and Y

ec contanpination faetor

Fy bearing axiakload (axial component of actual bearing load), in newtons

F, bearing radial load (radial component of actual bearing load), in newtons

Je factor which depends on the geometry of the bearing components, the accuracy to which the various
components are made, and the material

o factor for calculation of basic static load rating®)

i number of rows of rolling elements

3) For definitions, calculation methods and values of Cpg, Cor and fj, see ISO 76.

4 © 1SO 2007 — All rights reserved
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modified rating life, in million revolutions
we  effective roller length applicable in the calculation of load ratings, in millimetres

Lqg basic rating life, in million revolutions

n speed of rotation, in revolutions per minute

n subscript for probability of failure, in percent

P dynamic equivalent load, in newtons

P, dynamic equivalent axial load, in newtons

P, dynamic equivalent radial load, in newtons

S reliability (probability of survival), in percent

X dynamic radial load factor

Y dynamic axial load factor

Z number of rolling elements in a single-row bearing; number of rolling elements per row of a multi-row

bearing with the same number of rolling elements per row

a nominal contact angle, in degrees

K viscosity ratio, v /v,

A film parameter

1% actual kinematic viscosity at the operating temperature, in square millimetres per second

12 reference kinematic viscosity, required to obtain adequate lubrication condition, in square millimetres
per second

o (real) stress, used.in"fatigue criterion, in newtons per square millimetre

oy, fatigue stress’timit of raceway material, in newtons per square millimetre

© 1SO 2007 — All rights reserved 5
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5 Radial ball bearings

5.1 Basic dynamic radial load rating

5.1.1 Basic dynamic radial load rating for single bearings

The basic dynamic radial load rating for radial ball bearings is given by the equations
¢ =bm fe(icosa) 2" D,, (1)

for D, < 25,4 LEaiag

C, = 3,641 by, fo(icosa)® 223 D, M @)
for D§, > 25,4 mm

where the valjes of b, and /. are given in Tables 1 and 2 respectively. They apply‘to’bearings with & cross-
sectional raceyay groove radius not larger than 0,52 D, in radial and angular coqtact ball bearing inngr rings

and not larger[than 0,53 D,, in radial and angular contact ball bearing outer rings and self-aligning ball bearing
inner rings.

The load-carryling ability of a bearing is not necessarily increased by the)use of a smaller groove radius, but it
is reduced by |the use of a groove radius larger than those indicated, in the previous paragraph. In thge latter
case, a corregpondingly reduced value of f; shall be used. Calculation of this reduced value of f; pan be
carried out by means of Equation (3—15) given in ISO/TR 8646;1985.

Table 1 — Values of 5, fon radial ball bearings

Bearing.type bm

Radial and angular contact ball bearings (except filling slot

bearings), insert bearings.and self-aligning ball bearings 13

Filling slot bearings 1,1

5.1.2 Basic gdynamic radial léad rating for bearing combinations

5.1.21 TWI single-row radial contact ball bearings operating as a unit

When calculating the basic dynamic radial load rating for two similar single-row radial contact ball b¢arings
mounted side|by side on the same shaft, such that they operate as a unit (paired mounting), the [pair is
considered as|orie double-row radial contact ball bearing.

5.1.2.2 Back-to-back and face-to-face arrangements of single-row angular contact ball bearings
When calculating the basic dynamic radial load rating for two similar single-row angular contact ball bearings

mounted side by side on the same shaft, such that they operate as a unit (paired mounting) in a back-to-back
or a face-to-face arrangement, the pair is considered as one double-row angular contact ball bearing.

6 © 1SO 2007 — All rights reserved
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Table 2 — Values of factor /_ for radial ball bearings

Factor /.
Single-row radial contact . Single-row radial
Dy cosa ) ballgbearings and single- Double-row Single-row and con?act separable
Dpw row and double-row radial contact doal:iblﬁi';o“:):ﬁlf' ball bearings
angular contact ball ball bearings t;qeariggs (magneto
bearings bearings)
0,01 29,1 27,5 9,9 9,4
0,02 35,8 33,9 12,4 11,7
0,03 40,3 38,2 14,3 13,4
0,04 43,8 41,5 15,9 1419
0,05 46,7 442 17,3 16}2
0,06 491 46,5 18,6 1714
0,07 51,1 48,4 19,9 18,5
0,08 52,8 50 211 19/5
0,09 54,3 51,4 22,3 20[6
0,1 55,5 52,6 23,4 215
0,11 56,6 53,6 245 22(5
0,12 57,5 54,5 25,6 234
0,13 58,2 55,2 26,6 24{4
0,14 58,8 55,7 27,7 25(3
0,15 59,3 56,1 28,7 26[2
0,16 59,6 56,5 29,7 2711
0,17 59,8 56,7 30,7 2719
0,18 59,9 56,8 31,7 28(8
0,19 60 56,8 32,6 297
0,2 59,9 56,8 33,5 3015
0,21 59,8 56,6 34,4 313
0,22 59,6 56,5 35,2 3201
0,23 59,3 56,2 36,1 3209
0,24 59 55,9 36,8 337
0,25 58,6 55,5 37,5 34{5
0,26 58,2 55,1 38,2 352
0,27 57,7 54,6 38,8 359
0,28 57,1 54,1 39,4 36[6
0,29 56,6 53,6 39,9 3712
0,3 56 53 40,3 37,8
0,31 55,3 52,4 40,6 384
0,32 546 5T.8 40,9 38,9
0,33 53,9 51,1 411 39,4
0,34 53,2 50,4 41,2 39,8
0,35 52,4 49,7 41,3 40,1
0,36 51,7 48,9 41,3 40,4
0,37 50,9 48,2 41,2 40,7
0,38 50 47,4 41 40,8
0,39 49,2 46,6 40,7 40,9
0,4 48,4 45,8 40,4 40,9
a8  Values of £ for intermediate values of Dy cosa are obtained by linear interpolation.
pw

© 1SO 2007 — All rights reserved 7
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Table 3 — Values of X and Y for radial ball bearings

Single-row bearing

Double-row bearings

P i i F, F, F, F,
Bearing type R?:f:é‘,’,ea?;“al 7‘:<e —‘: >e Fj‘ge —‘: >e e
x| v | x Y X Y X Y
fO Fa ¢ Fa
Cor iZDy?
0,172 0,172 2,3 2,3 0,19
0,345 0,345 1,99 1,99 0,22
Radial contact ball 0,689 0,689 1,71 1,71 0,26
bearings 1,03 1,03 1,55 1,55 0,28
1,38 1,38 1|0 |056] 145 1 0 056| 145 0,3
2,07 2,07 1,31 1,31 0,34
3,45 3,45 1,15 115 0,38
5,17 517 1,04 1,04 0,42
6,89 6,89 1 1 0,44
foiFg © Fy
COr ZDw2 X
0,173 0172 Eg; t;':;'p;;n d 2778 3,74 0,23
0,346 0,345 ’ 2,4 3,23 0,26
0,692 0,689 e values 2,07 2,78 0,3
1,04 1,03 applicable to 1,87 252 0,34
a5 | 138 138 | 1 | o [Single-rowradial} 175 |o78| 236 | |0.36
2,08 2,07 contact ball 1,58 2,13 04
3,46 3,45 bearings. 1,39 1,87 0,45
5,19 5,17 1,26 1,69 0,5
6,92 6,89 1,21 1,63 0,52
0,175 0,172 1,88 2,18 3,06 0,29
0,35 0,345 1,71 1,98 2,78 0,32
0,7 0,689 1,52 1,76 2,47 0,36
1,05 1,03 1,41 1,63 2,29 0,38
Angular | o=|10° 1.4 1,38 1| 0 1o46| 1,34 1 155 |0,75| 2,18 0,4
contact 2,1 2,07 1,23 1,42 2 0,44
ball 3,5 3,45 1,1 1,27 1,79 0,49
bearings 5,25 517 1,01 1,17 1,64 0,54
7 6,89 1 1,16 1,63 0,54
0,178 0,472 1,47 1,65 2,39 0,38
0,357 0,345 1,4 1,57 2,28 0,4
0,714 0,689 1,3 1,46 2,11 0,43
1,07 1,03 1,23 1,38 2 0,46
a=15° 143 1,38 1| 0 [044] 1,19 1 134  |o0,72| 1,93 0,47
2314 2,07 1,12 1,26 1,82 0,5
3,57 3,45 1,02 1,14 1,66 0,55
5,35 5,17 1 1,12 1,63 0,56
744 6:89 4 442 163 0,56
a=20° _ — 0,43 1 109 |07 1,63 0,57
a=25° — — 041| 087 092 |067| 1,41 0,68
a=730° — — 0,39| 0,76 0,78 |063| 1,24 0,8
o= 35° — — 110 1037| o066 1 066 |06 | 107 0.95
a=40° — — 0,35| 0,57 055 |057| 0,93 1,14
a=45° — — 033| 05 0,47 |054| 0,81 1,34
Self-aligning ball bearings 1 0 | 0,4 |04 cota 1 10,42 cota [0,65[0,65cot o |1,5tana
Single-row radial contact separable ball
beagrings (magneto bearings) i 1 0105 2,5 B _ B _ 0.2

@  Permissible maximum value depends on the bearing design (internal clearance and raceway groove depth). Use the first or second
column depending on available information.

b Values of X, Y and e for intermediate “relative axial loads” and/or contact angles are obtained by linear interpolation.
¢ For values of 3, see ISO 76.

© 1SO 2007 — All rights reserved
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5.1.2.3 Tandem arrangement

The basic dynamic radial load rating, for two or more similar single-row radial contact ball bearings or two or
more similar angular contact ball bearings mounted side by side on the same shaft, such that they operate as
a unit (paired or stack mounting) in a tandem arrangement, is the number of bearings to the power of
0,7 times the rating of one single-row bearing. The bearings need to be properly manufactured and mounted
for equal load distribution between them.

5.1.2.4 Independently replaceable bearings

If, for some technical reason, the bearing arrangement is regarded as a number of single-row specially
manufactured bearings which are replaceable independently of each other, then 5.1.2.3 does not apply.

5.2 Dynamic equivalent radial load

5.2.1 |Dynamic equivalent radial load for single bearings

The dynamic equivalent radial load for radial and angular contact ball bearings, under consf{ant radial and
axial Iqads, is given by

Bl=XF, +YF, 3)
where [the values of factors X and Y are given in Table 3. These factors apply to bearings with ¢ross-sectional

groove radii according to 5.1.1. For other groove radii, calculatieh of X and Y can be carried ojit by means of
4.2in ISO/TR 8646:1985.

5.2.2 |Dynamic equivalent radial load for bearing combinations

5.2.21 Back-to-back and face-to-face arrangements of single-row angular contact ball pearings

When falculating the equivalent radial load.for two similar single-row angular contact ball bearings mounted
side by side on the same shaft, such that'they operate as a unit (paired mounting) in a back-to-back or a face-
to-facg arrangement, the pair is considered as one double-row angular contact ball bearing.

NOTE If two similar single-row, radial contact ball bearings are operating in back-to-back or face-to-fage arrangement,
the usef should consult the bearing manufacturer about calculation of equivalent radial load.

5.2.2.22 Tandem arrangement

When falculating the equivalent radial load for two or more similar single-row radial contact ball bearings or
two or|more similar single-row angular contact ball bearings mounted side by side on the saie shaft, such
that they operate as a unit (paired or stack mounting) in a tandem arrangement, the values of X and Y for a
single-fow‘bearing shall be used.

The “relative axial load” (see Table 3) is established by using i = 1 and F, and Cj, values which both refer to
one of the bearings only (even though the F, and F, values referring to the total loads are used for the
calculation of the equivalent load for the complete arrangement).

© 1SO 2007 — All rights reserved 9
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5.3 Basic rating life

5.3.1 Lifeeq

uation

The basic rating life for a radial ball bearing is given by the life equation:

The values of C, and P, are calculated in accordance with 5.1 and 5.2.

(4)

The life equation is also used for the evaluation of the life of two or more single-row bearings operatir
unit, as referrgd to in 5.1.2. In this case, the load rating C, is calculated for the complete bearing atrang
and the equivalent load P, is calculated for the total loads acting on the arrangement, using thé valu

and Y indicate

5.3.2 Loadin

The life equat
may cause de
the bearing m
0,5 C,, whiche

Very light load
International S

6 Thrustl

6.1 Basic d

6.1.1 Basic

The basic dyn
given by

Ca =bm |

for D,

Ca =bm |

i in 5.2.2.

g restriction on the life equation

on gives satisfactory results for a broad range of bearing loads. However, extra-heav
trimental plastic deformations at the ball/raceway contacts. Th€ user should therefore

anufacturer to establish the applicability of the life equationin ¢ases where P, exceeds
ber is smaller.

s may cause different failure modes to occur. These failure modes are not covered
tandard.

pall bearings
ynamic axial load rating

Hynamic axial load rating for'single-row bearings

amic axial load rating for, single-row, single-direction or double-direction thrust ball bea

2/3 1 18
C Z DW

< 25,4 mmyand o= 90°

7
. (cos a)o’ tana 223 D18

gasa
jement
ps of X

loads
consult
Coy or

by this

ings is

®)

(6)

for D,,

< 25,4 mm and a# 90°

C, =3,647by, f, 223 D,

for D,,

> 25,4 mm and a=90°

C, =3,647by, fo (cosoz)o’7 tana 72/3 D, 1

for D,

where Z is the

10

> 25,4 mm and a# 90°

number of balls carrying load in one direction and b, = 1,3.

© ISO 2007 — All rights
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Values of f, are given in Table 4 and apply to bearings with cross-sectional raceway groove radii not larger
than 0,54 D,,.

The load-carrying ability of a bearing is not necessarily increased by the use of a smaller groove radius, but is
reduced by the use of a larger groove radius than that indicated above. In the latter case, a correspondingly
reduced value of f; shall be used. Calculation of this reduced value of f;, can be carried out by means of
Equation (3—20) in ISO/TR 8646:1985 for bearings with a = 90° and Equation (3—-25) in ISO/TR 8646:1985 for
bearings with a=90°.

Table 4 — Values of f; for thrust ball bearings

D a f D a f
Dy Dy €65
Dow a=90° Dow a=45°% | a=60° a=T75°
0,01 36,7 0,01 421 39,2 373
0,02 45,2 0,02 51,7 48,1 45,9
0,03 51,1 0,03 58,2 54,2 51,7
0,04 55,7 0,04 63,3 58,9 56,1
0,05 59,5 0,05 67,3 626 59,7
0,06 62,9 0,06 70,7 65,8 62,7
0,07 65,8 0,07 73,5 68,4 65,2
0,08 68,5 0,08 75,9 70,7 67,3
0,09 71 0,09 78 72,6 69,2
0,1 73,3 0,1 79 74,2 70,7
0,11 75,4 0,11 81,1 75,5
0,12 77,4 0,12 82,3 76,6
0,13 79,3 0,13 83,3 77,5
0,14 81,1 0,14 84,1 78,3
0,15 82,7 0116 84,7 78,8
0,16 84,4 0,16 85,1 79,2
0,17 85,9 0,17 85,4 79,5
0,18 87,4 0,18 85,5 79,6
0,19 88,8 0,19 85,5 79,6
0,2 90,2 0,2 85,4 79,5
0,21 91,5 0,21 85,2
0,22 92,8 0,22 84,9
0,23 94,1 0,23 84,5
0,24 95,3 0,24 84
0,25 96,4 0,25 83,4
0,26 97,6 0,26 82,8
0,27 98,7 0,27 82
0,28 99,8 0,28 81,3
0,29 100.8 0,29 804
0,3 101,9 0,3 79,6
0,31 102,9
0,32 103,9
0,33 104,8
0,34 105,8
0,35 106,7
a8 Values of f for Dw or Dy cosa and/or contact angles other than those shown in
pw pw
the table are obtained by linear interpolation.
b For thrust bearings «>45°. Values for a=45° are given to permit interpolation of
values for « between 45° and 60°.

© IS0 2007 — Al rights reserved 1
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6.1.2 Basic dynamic axial load rating for bearings with two or more rows of balls

The basic dynamic axial load rating for thrust ball bearings, with two or more rows of similar balls carrying load
in the same direction, is given by

-3/10

S 03 \10/3 PNLTE
Ca:(Z'I"_ZZ""""'Z;1)>< [_1] +[ 2\] +...+[ ”\J (9)
Cat Caz C

an

The load ratings C,q, Cyo, - . -, Cy, for the rows with Z,, Z,, . . ., Z, balls are calculated from the appropriate
single-row bearing equation given in 6.1.1.

6.2 Dynamjc equivalent axial load

The dynamic g¢quivalent axial load for thrust ball bearings with « # 90°, under constant radial"and axial loads,
is given by

Py=XF, +YF, (10)

where the valyes of X and Y are given in Table 5. These factors apply to bearirigs with cross-sectional groove
radii according to 6.1.1. For other groove radii, calculation of X and Y can_ke)carried out by means of 4.2 in
ISO/TR 8646:1985.

Thrust ball bearings with o =90° can support axial loads only. The dynamic equivalent axial load for tHis type
of bearing is g{ven by

P, =F, (11)

Table 5 — Values of X and Y for thrust ball bearings

&: i .
fingle (Iilrectblon Double-direction bearings
bearings
a® fa fa_, fa e
r FI’ r
X Y X Y X Y
45° ¢ 0,66 1,18 0,59 0,66 1,25
50° 0,73 1,37 0,57 0,73 1,49
55° 0,81 1,6 0,56 0,81 1,79
60° 0,92 1,9 0,55 0,92 2117
65° 1406 1 2,3 0,54 1,06 1 2,68
70° 128 29 0,53 1.28 43
75° 1,66 3,89 0,52 1,66 4,67
80° 2,43 5,86 0,52 2,43 7,09
85° 4,8 11,75 0,51 4.8 14,29
2 . 20 1. 10 1. 2 .
a=90°| 1,25tana (1 —gsmaJ 1 Etana (1 —gsmaJ E(1 —gsmaJ 1,25tana[1 —gsmaj 1 1,25tana
@8  Values of X, Y and e for intermediate values of « are obtained by linear interpolation.
b fa < e is unsuitable for single-direction bearings.
r
¢ For thrust bearings, > 45°. Values for a = 45° are given to permit interpolation of values for o between 45° and 50°.

12 © IS0 2007 — All rights reserved


https://standardsiso.com/api/?name=2d9a5a6b98169d678335c3f7461ebc13

ISO

6.3 Basic rating life

6.3.1

Life equation

The basic rating life for a thrust ball bearing is given by the life equation:

3
Ca
Lyg = B
a

The va

lues of C, and P, are calculated in accordance with 6.1 and 6.2.

281:2007(E)

(12)

6.3.2

The lif

may CI

the be

Very li
Interng

7 R

71 |

711

The b4

C

where
only tg
most h

Smallg
concel
expect
where

Loading restriction on the life equation
b equation gives satisfactory results for a broad range of bearing loads. However, ext
ring manufacturer to establish the applicability of the life equation in cases where P, exc

ght loads may cause different failure modes to occur. These failuré.modes are not ¢
tional Standard.

adial roller bearings
Basic dynamic radial load rating

Basic dynamic radial load rating for single bearings
sic dynamic radial load rating for a radial*roller bearing is given by

. 7
= by f¢ (i Lye COSa) 19 z314p L7

the values of b,, and f, aresgiven in Tables 6 and 7 respectively. They are maximum val
roller bearings in which; under a bearing load, the contact stress is substantially unif
eavily loaded roller/raceway contact.

r values of f, than“those given in Table 7 should be used if, under load, an acce
tration is present in some part of the roller/raceway contact. Such stress concentrat
d, at the centre of the nominal contact points and at the extremities of the line contag
the rollers are not accurately guided and in bearings having rollers longer than 2,5 times

Table 6 — Values of b, for radial roller bearings

a-heavy loads

use detrimental plastic deformations at the ball/raceway contacts. The usef)should therefore consult

peds 0,5 C,.

bvered by this

(13)

ues applicable
orm along the

ntuated stress
ons are to be
ts, in bearings
heir diameter.

Bearing type bm
Cylindrical roller bearings, tapered roller bearings and
. A . - 11
needle roller bearings with machined rings
Drawn cup needle roller bearings 1
Spherical roller bearings 1,15

© 1SO 2007 — All rights reserved

13


https://standardsiso.com/api/?name=2d9a5a6b98169d678335c3f7461ebc13

ISO 281:2007(E)

7.1.2 Basic

Table 7 — Maximum values of /. for radial roller bearings

D, cOS @ )
. fe
pw
0,01 52,1
0,02 60,8
0,03 66,5
0,04 70,7
0,05 741
0,06 76,9
0,07 79,2
0,08 81,2
0,09 82,8
0,1 84,2
0,11 85,4
0,12 86,4
0,13 87,1
0,14 87,7
0,15 88,2
0,16 88,5
0,17 88,7
0,18 88,8
0,19 88,8
0,2 88,7
0,21 88,5
0,22 88,2
0,23 87,9
0,24 87,5
0,25 87
0,26 86,4
0,27 85,8
0,28 85,2
0,29 84,5
0,3 83,8
a8  Values of'f; for intermediate values of Due C0Sa are obtained by linear interpolation.
pw

dynamic radial load rating for bearing combinations

7.1.21 Back-to-back and face-to-face arrangements

When calculating the basic dynamic radial load rating for two similar single-row radial roller bearings mounted
side by side on the same shaft, such that they operate as a unit (paired mounting) in a back-to-back or a face-

to-face arrangement, the pair is considered as one double-row bearing.

7.1.2.2 Independently replaceable bearings in back-to-back and face-to-face arrangements

If, for some technical reason, the bearing arrangement is regarded as two bearings which are replaceable

independently of each other, then 7.1.2.1 does not apply.

14
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71.2.3 Tandem arrangement

The basic dynamic radial load rating for two or more similar single-row radial roller bearings mounted side by
side on the same shaft, such that they operate as a unit (paired or stack mounting) in tandem arrangement, is
the number of bearings to the power of 7/9, times the rating of one single-row bearing. The bearings need to
be properly manufactured and mounted for equal load distribution of the load between them.

7.1.2.4 Independently replaceable bearings in tandem arrangement

If, for some technical reason, the bearing arrangement is regarded as the number of single-row bearings
which are replaceable independently of each other, then 7.1.2.3 does not apply.

7.2 Dynamic equivalent radial load

7.2.1 |Dynamic equivalent radial load for single bearings

The dynamic equivalent radial load for radial roller bearings with « # 0°, under censtant radial and axial loads,
is given by

Pl=XF,+YF, (14)
where fthe values of X'and Y are given in Table 8.

The dynamic equivalent radial load for radial roller bearings with' ¢ = 0°, and subjected to radigl load only, is
given by

R =F (15)

NOTE The ability of radial roller bearings with & <0° to support axial loads varies considerably with) bearing design
and execution. The bearing user should therefore.consult the bearing manufacturer for recommendatiofs regarding the
evaluatlon of equivalent load and life for cases where bearings with « = 0° are subjected to axial load.

7.2.2 |Dynamic equivalent radial load for bearing combinations

7221 Back-to-back and face-to-face arrangements of single-row angular contact rolldr bearings

When talculating the equivalent radial load for two similar single-row angular contact roller begrings mounted
side by side on the sameZshaft, such that they operate as a unit (paired mounting) in a back-to-back or a face-
to-facg arrangement;)and which, according to 7.1.2.1, is considered as one double-row bearing, the values of
X and Y for doublesrew bearings given in Table 8 shall be used.

7.22.2 Tandem arrangement

When lcalculating the equivalent radial load rating for twa or more similar single-row angular contact roller

bearings mounted side by side on the same shaft, such that they operate as a unit (paired or stack mounting)
in a tandem arrangement, the X and Y factors for single-row bearings given in Table 8 shall be used.

© 1SO 2007 — All rights reserved 15
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Table 8 — Values of X and Y for radial roller bearings

Fa Fa
—<e —>e
Bearing type Fy F e
X Y X Y
Single-row, a =#0° 1 0 0,4 0,4 cota 1,5tana
Double-row, a #0° 1 0,45cota 0,67 0,67 cota 1,5tana

7.3 Basicr

7.3.1 Life eq

The basic ratin

C
Lyg=|
10 [Pr

The values of

This life equat
unit, as referrg

FH LiE£.
allllu LLLA -4
uation

g life for a radial roller bearing is given by the life equation:

j10/3

. and P, are calculated in accordance with 7.1 and 7.2.

on is also used for the evaluation of the life of two or more single-row bearings operatir
d to in 7.1.2. In this case, the load rating C, is calculated for the complete bearing arrang

and the equivalent load P, is calculated for the total loads acting.en the arrangement, using the valu

and Y indicate

7.3.2 Loadin

The life equat
may cause ag
therefore cons

exceeds 0,5 (1.

Very light load
International S

8 Thrust|

8.1 Basic d

i in7.2.2.

g restriction on the life equation

on gives satisfactory results for a bread range of bearing loads. However, extra-heav
centuated stress concentrations in_some part of the roller/raceway contacts. The user
ult the bearing manufacturer te_establish the applicability of the life equation in cases w

s may cause different-failure modes to occur. These failure modes are not covered
tandard.

oller bearings

ynamic axial load rating

(16)

gasa
jement
bs of X

loads
should
here P,

by this

8.1.1 Basic ¢

rtamic axialload rating. forsinalo-rowboafi

A thrust roller bearing is considered as a single-row bearing only if all rollers carrying load in the same
direction contact the same washer raceway area.

16
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The basic dynamic axial load rating for single-row, single-direction or double-direction thrust roller bearing is
given by

7/9 »,3/4 29/27
Cy = bm fc Lye Z Dyye

for a=90°

Ca =bm fo(Lwe 00505)7/9 tana 234 D, 2% %

where

If seve
consid

Values
applicq
the mo

Smallg
concel
expect
where

for a+# 90°

(17)

(18)

/ is the number of rollers carrying load in one direction.
ral rollers, on the same side of the bearing axis, are located with their axes coinciding, th
ered as one roller with a length L, equal to the sum of the lengths (see 3.12).of the seve
ble to roller bearings in which, under a bearing load, the contact stresS is substantially|
st heavily loaded roller/raceway contact.

r values of f, than those given in Table 10 should be usedif, under load, an acce

d, for example, at the centre of nominal point contacts, atithe extremities of line contag
the rollers are not accurately guided and in bearings."'with rollers longer than 2,5 i

diameter.

Smallg
excess

r values of f. should also be considered forthrust roller bearings in which the geq
ive slip in the roller/raceway contact areas, for-example bearings with cylindrical rollers

in relafjon to the pitch diameter of the roller set.

Table 9 — Values of b, for thrust roller bearings

Bearing type bm
Cylindrical~oller bearings and needle roller bearings 1
Tapered roller bearings 1.1
Spherical roller bearings 1,15

ese rollers are
ral rollers.

of b, and values of f. are given in Tables 9 and 10 respectively. They, are maximum values, only

uniform along

ntuated stress

tration is present in some part of the roller/raceway contact. Such stress concentrations must be

ts, in bearings
mes the roller

metry causes
which are long

© 1SO 2007 — All rights reserved

17


https://standardsiso.com/api/?name=2d9a5a6b98169d678335c3f7461ebc13

ISO 281:2007(E)

Table 10 — Maximum values of /_ for thrust roller bearings

Dye 2 fe D, COSQ @ fe
Dpw a=90° Dow a=50°"b a=65°¢ o =80°9
0,01 105,4 0,01 109,7 1071 105,6
0,02 122,9 0,02 127,8 124,7 123
0,03 134,5 0,03 139,5 136,2 134,3
0,04 143,4 0,04 148,3 1447 142,8
0,05 150,7 0,05 155,2 151,5 149,4
0,06 156,9 0,06 160,9 157 154,9
0,07 162,4 0,07 165,6 161,6 159,4
0,08 167,2 0,08 169,5 165,5 163,2
0,09 171,7 0,09 172,8 168,7 166,4

0,1 175,7 0,1 175,5 171,4 169
0,11 179,5 0,11 177.,8 173,6 1712
0,12 183 0,12 179,7 175,4 173
0,13 186,3 0,13 181,1 176,8 174,4
0,14 189,4 0,14 182,3 177,9 175,5
0,15 192,3 0,15 183,1 178,8 176,3
0,16 1951 0,16 183,7 1793

0,17 197,7 0,17 184 179,6

0,18 200,3 0,18 184,1 179,7

0,19 202,7 0,19 184 179,6

0,2 205 0,2 183,7 179,3

0,21 207,2 0,21 183;2

0,22 209,4 0,22 182,6

0,23 211,5 0,23 181,8

0,24 213,5 0,24 180,9

0,25 215,4 0,25 179,8

0,26 217,3 0,26 178,7

0,27 2191

0,28 220,9

0,29 2227

0,3 2243

. . D, D, COS . . . .
Values of £, for jntefmediate values of —%& or —¥&"—— are obtained by linear interpolation.
pw pw
Applicable ford5° < a < 60°.
¢l Applicablefor 60° < a < 75°.
d Applicable for 75° < a < 90°.

8.1.2 Basic dynamic axial load rating for bearings with two or more rows of rollers

The basic dynamic axial load rating for thrust roller bearings with two or more rows of rollers carrying load in
the same direction is given by

S N2, N2 L 219
Ca=(Z1Lye1+Zy Lyep +---+Z, Lyye, )% [MJ +[Mj +...+{”—We”j (19)
Cat Caz Can
The load ratings Cy4, Cyo, - - ., Cy, for the rows with Z,, Z,, . . ., Z, rollers of lengths Lo, Lye2s - - - » Lyye, are

calculated from the appropriate single-row bearing equation given in 8.1.1.

Rollers and/or portions of rollers which contact the same washer raceway area belong to one row.

18 © IS0 2007 — All rights reserved
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8.1.3 Basic dynamic axial load rating for bearing combinations

8.1.3.1 Tandem arrangement

The basic dynamic axial load rating for two or more similar single-direction thrust roller bearings mounted side
by side on the same shaft, such that they operate as a unit (paired or stack mounting) in tandem arrangement,
is the number of bearings to the power of 7/9, times the rating of one bearing. The bearings need to be
properly manufactured and mounted for equal load distribution of the load between them.

8.1.3.2 Independently replaceable bearings

If, for some technical reason _the hnaring arrangement is rpgqrdpd as the number of Qinglp-dirc ction bearings
which are replaceable independently of each other, then 8.1.3.1 does not apply.

8.2 Dynamic equivalent axial load

The dynamic equivalent axial load for thrust roller bearings with « = 90°, under constant radial and axial loads,
is given by

Pl=XF +YF, (20)
where fthe values of X and Y are given in Table 11.

Thrust|roller bearings with o = 90° can support axial loads only:“The dynamic equivalent axial load for this type
of beafing is given by

Py =F, (21)

Table 11 — Values of ¥and Y for thrust roller bearings

fa_, fa_,
Bearing type F r e
X Y X Y
Single-direction, o'=90° —a _a tana 1 1,5tana
Double-direction; o # 90° 1,5tana 0,67 tana 1 15tana
F, - . . . . .

a —2&< ¢ is unsuitable for single-direction bearings.

/

8.3 Basicrating life

8.3.1 “ifeequation

The basic rating life for a thrust roller bearing is given by the life equation:
10/3
C
Lin =| —2& 22
10 [ P, ] (22)
The values of C, and P, are calculated in accordance with 8.1 and 8.2.
This life equation is also used for the evaluation of the life of two or more single-direction thrust roller bearings
operating as a unit, as referred to in 8.1.3. In this case, the load rating C, is calculated for the complete

bearing arrangement and the equivalent load P, is calculated for the total loads acting on the arrangement,
using the values of X and Y given for single-direction bearings in 8.2.
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8.3.2 Loading restriction on the life equation

The life equation gives satisfactory results for a broad range of bearing loads. However, extra-heavy loads
may cause accentuated stress concentrations in some part of the roller/raceway contacts. The user should
therefore consult the bearing manufacturer to establish the applicability of the life equation in cases where P,

exceeds 0,5 C,

Very light loads may cause different failure modes to occur. These failure modes are not covered by this

International S

9 Modifie

9.1

For many ye{
satisfactory. T
manufacturing

Generdl

tandard.

d rating life

rs, the use of the basic rating life L,y as a criterion of bearing performance has
his life is associated with 90 % reliability, with commonly used high quality materia
quality, and with conventional operating conditions.

However, for many applications it has become desirable to calculate the life fora different level of rg

and/or for a 1
modern high (
certain Hertzidg
obtained if the
the L, life car

A systems apj
method, the in
considered by
and under the

nore accurate life calculation under specified lubrication and €ontamination condition
uality bearing steel, it has been found that, under favourable, operating conditions and
n rolling element contact stress, very long bearing lives, compared with the L life,

fatigue limit of the bearing steel is not exceeded. On the ‘other hand, bearing lives short
be obtained under unfavourable operating conditions,

proach to the fatigue life calculation has been usédin this International Standard. With
fluence on the life of the system due to variation and interaction of interdependent fa
referring all influences to the additional stress they give rise to in the rolling element c
contact regions.

In this International Standard, a life modification factor, a,5q, is introduced, based on a systems appre¢

life calculation|
equation

Lym = ay

The modificati
evaluating the

9.2 Life md

Reliability is dj
life modificatio

NOTE
corresponding Vv

20

in addition to the modification factor a4. These factors are applied in the modified raf

1so L10

pn factor for reliability, a4, for a range of reliability values is given in 9.2 and the met
modification fagtor-for systems approach, a,5q, is detailed in 9.3.

dification factor for reliability

bfined\in 3.2. The modified rating life is calculated according to Equation (23) and valueg

proved
, good

liability
5. With

below
can be
er than

such a
ctors is
bntacts

ach of
ing life

(23)

hod for

of the

h factor for reliability, a4, are given in Table 12.

alues in the previous edition of this International Standard.
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Table 12 — Life modification factor for reliability, a,

281:2007(E)

9.3 1

9.3.1

Below
cleanli

For rol
limit is
stresse
accurag

In mari
conditi

Itis po

Reliability
o Lym a
90 Liom 1
95 Lgm 0,64
96 Lym 0,55
97 L3 0,47
98 Loy 0,37
99 Lim 0,25
99,2 Lo.gm 0,22
99,4 Loem 0,19
99,6 Lo am 0,16
99,8 Lo om 0,12
99,9 LoAm 0,093
99,92 Lo,08m 0,087
99,94 Lo 06m 0,080
99,95 Lo.05m 0,077

Life modification factor for systems.approach

General

a certain load, a modern high.guality bearing can attain an infinite life, if the lubrication
ness and other operating canditions are favourable.

ing bearings of commbonly used high quality material and good manufacturing quality, the
reached at a contaet’stress of approximately 1 500 MPa. This stress value takes into acc
s occurring due”Zto manufacturing tolerances and operating conditions. Reduced
cy and/or material quality result in a lower fatigue stress limit.

y applications, contact stresses are, however, larger than 1 500 MPa and, in addition
bns can\give rise to additional stresses and by that further reduce the bearing life.

5sible to relate all operational influences to the applied stresses and to the strength of the

conditions, the

fatigue stress
punt additional
manufacturing

the operating

material, e.g.:

indentations give rise to edge stresses;

an increased temperature reduces the fatigue stress limit of the material, i.e. its strength;

a tight inner ring fit gives rise to hoop stresses.
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The different influences on bearing life are dependent on each other. A systems approach of the fatigue life
calculation is therefore appropriate, as the influence on the life of the system from variation and interaction of
interdependent factors will then be considered. For performing modified life systems approach calculations,
practical methods have been developed for determining the life modification factor, ;5o, which consider the
fatigue stress limit of the bearing steel and make it easy to estimate the influence of lubrication and
contamination on bearing life, see 9.3.3.

A theoretical explanation on how to include the additional influences of radial clearance in an operating
bearing, and non-uniform raceway compressive stresses from bearing misalignment, is presented in
ISO/TS 16281 [1]

9.3.2 Fatigue load limit

The life modifigation factor, 55, can be expressed as a function of ¢, /o, the fatigue stress limit divided by the
real stress with as many influencing factors as possible considered (see Figure 1).

In Figure 1, the diagram for a given lubrication condition also illustrates how ;5o asymptotically apprpaches
infinity, if the rpal stress, o, is decreased down to the fatigue stress limit, o;,, when a fatigue criterion gpplies.
Traditionally, the orthogonal shear stress has been used as the fatigue criterion inCbearing life calcylations
(see Referenge [3] in the Bibliography). The diagram in Figure 1 can thereforetalso be based on [fatigue
strength in shegar.

150 A

Y

Figure 1 — Life modification factor, q|5o

The diagram irr Figure 1 can be expressed with the following equation:

a50 = f[%] (24)

The fatigue determining stress in the raceway is mainly dependent on the bearing internal load distribution
and the distribution of subsurface-stresses in the most heavily loaded contact. To facilitate the practical
calculation a fatigue load limit, C,, is introduced (see Reference [3]).
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In analogy to the static load rating in ISO 76, C, is defined as the load at which the fatigue stress limit, o, is
just reached in the most heavily loaded raceway contact. The ratio U can then be sufficiently approximated
by the ratio7“, and the life modification factor, a5, expressed as

C

a0 = f(?“] (25)

In the calculation of C, the following influences have to be considered:

— the type, size and internal geometry of the bearing;

— the profile of rolling elements and raceways;

— the manufacturing quality;

— the fatigue limit of the raceway material.

Valuegd of the fatigue load limit, C,, can be determined by means of the equatioris in Annex B.

9.3.3 |Practical methods for estimating the life modification factor

9.3.3.1 General
Modern technology makes it possible to determine agg.By combining computer supportgd theory with
empiri¢al tests and practical experience. Besides bearing type, fatigue load and bearing load, the factor ;gq
in this |nternational Standard considers the influence of;

— lubrication (type of lubricant, viscosity, bearing speed, bearing size, additives);
— ernvironment (contamination level, seals);

— cdntaminant particles (hardness and particle size in relation to bearing size, lubrication method, filtration);
— mopunting (cleanliness during mounting, e.g. by careful flushing and filtering of supplied oil).

The influence of bearing cleéarance and misalignment on bearing life is given in ISO/TS 16281 [1].

The lif¢ modificationfactor, 4,54, can be derived from the following equation:

eC C
u
apo = [ K (26)
P
aetefs—e~—and—rtake—inte—eonsideration—eontamination—eand-tubrieatingeonditon—Fhey—af ith i
The fn ko and +al H=¢ 3 o £ £ + a Lo 4+ <) P~ H | ¥ dealt W|th in

9.3.3.2and 9.3.3.3.
Values for the life modification factor ;55 can be taken from Figures 3 to 6 for the respective bearing type.

P is the dynamic equivalent load according to Equations (3), (10), (11), (14), (15), (20) and (21).
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9.3.3.2 Contamination factor

When the lubricant is contaminated with solid particles, permanent indentations in the raceway can be
generated when these particles are over rolled. At these indentations, local stress risers are generated, which
will lead to a reduced life of the rolling bearing. This life reduction due to contamination in the lubricant film is
taken into account by the contamination factor, ec.

The life reduction caused by solid particles in the lubricant film is dependent on:

— type, size, hardness and quantity of the particles;

— lubricant film thickness (viscosity ratio, x, see 9.3.3.3);

— bearing sige.

Guide values|for the contamination factor can be taken from Table 13, which shows._ typical leyels of
contamination|for well lubricated bearings. More accurate and detailed guide values can he ©obtained frpm the
diagrams or equations in Annex A. These values are valid for a mixture of particles of different hardngss and
toughness in Which the hard particles determine the modified rating life. If large hard-particles exist, beyond
the expected gizes in the cleanliness classes of ISO 4406l7], the bearing life can be ¢onsiderably shorter than
the calculated |rating life.

Table 13 — Contamination factor, ¢c

ec

Level of contamination
Dpw <100 mm Dpy = 100 mm

Extrgme cleanliness

Partigle size of the order of lubricant film thickness;
laborgatory conditions

High|cleanliness

QOil filfered through extremely fine filter; conditions typical of 0,8100,6 0,9t00,8

bearing greased for life and sealed

Normal cleanliness

Oil filfered through fine filter; c6nditions typical of bearings 0,6t00,5 0,8t00,6

greaged for life and shielded

Slight contamination
0,5t00,3 0,6t0 0,4
Slight contaminationinlubricant

Typigal contamination

Conditions typical of bearings without integral seals; course 0,310 0,1 0,4t00,2

fiIterirpg; wear particles and ingress from surroundings

L
Severe contamination

Bearing environment heavily contaminated and bearing 0,1t00 0,1t00

arrangement with inadequate sealing

Very severe contamination 0 0

Contamination by water or other fluids is not considered in this International Standard.

In the case of severe contamination (e — 0), failure may be caused by wear, and the life of the bearing can
be far below a calculated modified rating life.
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9.3.3.3 Viscosity ratio

9.3.3.3.1  Calculation of viscosity ratio

The effectiveness of the lubricant is primarily determined by the degree of surface separation between the
rolling contact surfaces. If an adequate lubricant separation film is to be formed, the lubricant must have a
given minimum viscosity when the application has reached its operating temperature. The condition of the
lubricant separation is described by the viscosity ratio, «, as the ratio of the actual kinematic viscosity, v, to the
reference kinematic viscosity,v,. The kinematic viscosity, v, is considered when the lubricant is at operating

temperature.
A V4
P (27)
V1
In order to form an adequate lubricant film between the rolling contact surfaces, the lubfican{ must retain a

certain
increag

The re

bearing speed and pitch diameter, D,,, [the mean bearing diameter 0;5\(d + D) can also b

calculg

minimum viscosity when the lubricant is at operating temperature. The bearing-life may &
ing the operating viscosity v.

ference kinematic viscosity, v4, can be estimated by means of the diagram in Figure 2,

ted with the following Equations (28) and (29):

e extended by

depending on
e used] or be

v{=45000n"28 p_, "%% for n < 1000 r/min (28)
v{=45001""°D,, % forn > 1000 r/min (29)
9.3.3.3.2 Restriction of the calculation of the.viscosity ratio
The calculation of x is based on minerall oils and on bearing raceway surfaces machirled with good

manufacturing quality.

The di
e.g. sy
tempe
the sa
at40°

If, how|

bgram in Figure 2 and Equations (28) and (29) can also be used approximately for sy
nthetic hydrocarbon (SHC). type, for which the larger viscosity index (less change of]
ature) is compensated_for-by a larger pressure-viscosity coefficient for mineral oils, ang
me oil film is built up.at different operating temperatures if both oil types have the §

I~
.

bver, there is@-need of a more detailed estimation of the « value, e.g. for especially mac

nthetic oils of,
viscosity with
by that about
same  viscosity

hined raceway

surface finish, specific pressure-viscosity coefficient, specific density, etc., the film paramefer, A, can be

applied. This film.parameter is well known in literature, e.g. in Reference [4].
When W is ealculated, the x value can be approximately estimated with the following equation:

K~ A% (30)
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9.3.3.3.3 Grease lubrication

The diagram in Figure 2 and Equations (28) and (29) apply equally to the base oil viscosity of greases. With
grease lubrication, the contacts may be operating in a severely starved condition because of the poor bleeding
capability of the grease leading to poor lubrication and possible reduction of life.

v, mm?/s A
1000 — S ~ >
— N N N
& 0
\ ~ ¢ 100 \
50 \\\ 200 \\ \\
\ 4 \\\
\ k 7 \ N
20 S P %00 ~ ~
- 50, \ \
0.
3 \
10 SN =~
~ 70 \\ 2R ~N
s e~ NS
0, 0
IN0s % \ \\
5 K] | D] Ox\ NG NN .
10 20 60 100 200 500 1000 2000 Dy, mm
Figure 2 — Reference kinematic viscosity, v,
9.3.3.3.4 Consideration of EP additives
In case of a v|scosity ratio k< 1 and a contamination factor e; > 0,2 for this viscosity ratio, a value qf x=1
can be used imthe calculation of es and aigq if a lubricant with proven effective EP additives is used.In this

case, the life modification factor, a;5q, shall be limited to a;55 < 3, respectively to the life modification factor,
a,s0, calculated for normal lubricants with the actual « value, if this a5 value is above 3.

This motivation for increasing the x value is that a favourable smoothening effect of the contacting surfaces
can be expected when an effective EP additive is used. In the case of severe contamination (contamination
factor ec < 0,2), the efficiency of the EP additives shall be proven under actual lubricant contamination. The
efficiency of the EP additives should be proven in the actual application or in an appropriate bearing test.

9.3.3.4  Calculation of the life modification factor
The life modification factor, a|5g, can be estimated easily by means of Figures 3, 4, 5, and 6 or calculated with

Equations (31) to (42). How the factors in the diagrams and equations, C, ec and x, can be determined is
shown in 9.3.2, 9.3.3.2 and 9.3.3.3.
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Guide values for the contamination factor, ec, can be taken from Table 13. More accurate and detailed guide
values can be obtained from the diagrams or equations in Annex A.

For practical considerations, the life modification factor shall be limited to a;g5 < 50. This limit also applies

C
when U S 5.
P

For xvalues > 4, the value «= 4 shall be used.

When the x value is < 0,1, calculation of the a5 factor is not possible with currently accepted experience and
a0 values for x < 0,1 are out of range of equations and diagrams.

a
1sO A k=4 2 108 06 05

; / :

) /|

: o
5 Aj//// // yas
L

1 %// S/ e

/
/4 /// VA
P
o s
e ="
————
0,005 0,01 0,02 0,05 01 0,2 0,5 1 2 SeCCu/>P

Figure 3 — Life modification factor, a5, for radial ball bearings
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The curves in Figure 3 are based on the following equations:

aso -0 1-{25071- 22549 "% 106, j] for01 < <04 1
| 19987 1% (eac, )2
a0 = 0.1 1_(2’5671_,(6,19087) [ cPuj ] for 0,4 < K< 1 (32)
- o5 13323
a150 = 0.1 1—[2,5671—’(1’3318729] | (eCPC“j J for1<x<4 (33)
“so x=4 2 108
50
i
20 ////7// 06
) I /
| I/
7 / / 05
2 / 1/ //
1 /7/// ’?/ 0,4
0,5 %A/////;//;/ o
_ éé/ s
U,Z —— — =
=~
0,1 0,1
0,005 001 002 005 01 02 05 1 2 5 eccufp

28

Figure 4 — Life modification factor, q,5(, for radial roller bearings
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The curves in Figure 4 are based on the following equations:

-9,185

B 0,4
13993 \(ecCy )
450 = 0,1 1—[1,5859—,(07054381][ P j ] for0,1 < k< 0,4 (34)
_ 12348 c 0.4 -9185
X e
ajg0 =0,1 1—(1,5859—1(0719087]{ CPUJ ] for 0,4 < x< 1 (35)
_ 41—9185
- 12348 \(ecCy )
a0 = 0,1 1—(1,5859—’(0,071 739)( - j for1<x<4 (36)

a
'S0 4 x=4 2 1 08(06
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/)]
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/ /%

0,3

0.5 V%
Z

/ 0.2

/
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— —
0,1 0,1

»

5 ecCulP

-
N

0,005 0,01 0,02 0,056 01 0,2 0,5

Figure 5 — Life modification factor, g/g(, for thrust ball bearings
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The curves in Figure 5 are based on the following equations:

' 0,83 137
a150 = 0,1 1—[2,5671— K%’E;“ngj [egguj ] for0,1 < k<04 (37)
r -9,3
0,83 1/3 ’
a0 -0 1-[2571- 19887 1" ] ] for0 < < %)
0
i 083 T3
aso =01 1-[2s671- 19987 | o ‘ for 1< x< 4 (59)
Ts0 A c=4 2
50
// /
10 // 08
7 /
0,6
1 / / / /05
/ // ’/
0.5 // /' 0.4
/ / 0,3
~~ 7 /
= |
e _— — 0,15
—— ——  — T —
0,1 0,1
0,005 0,01 002 005 01 02 05 1 2 5 e.CulP

Figure 6 — Life modification factor, q/5q, for thrust roller bearings
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The curves in Figure 6 are based on the following equations:

a0 = 0,1 1—[1,5859 -

as0 = 0,1 1—[1,5859 -

-9185

0,4
13993 [ ec cuj ’
for0,1 < x<0,4
0054 381 ] { 25P

for0,4 < k<1

-9185
12348 \( ec C, >
019087 || 25p

Q9185

ISO 281:2007(E)

(40)

(41)

also = 0,1 1—[1,5859—

fort <x<4

12348 \(ecCy )
0071739 || 25p

(42)
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Annex A
(informative)

Detailed method for estimating the contamination factor

A.1 General

A simplified njethod o estimale the size of the contamination facior, ec, is given in 9.3.3.2. This

provides a mg
diagrams the (

it is used for calculating the life modification factor according to 9.3.3.4.

The contamin
following lubrid

circulating

oil bath lu

For estimating

ISO/TR 1281[4l.

A.2 Symbadls

For the purpog
x contamir]

By(cy filtration

The designatidg
optical single-{

A.3 Condit
methods

ption factors can be determined by means of either the diagrams or thelequations
ation methods:

oil lubrication with the oil filtered on-line before being supplied to, the)bearings,

brication or circulating oil lubrication with off-line filters,

grease lubrication.

|

es of this annex, the symbols in Clause 4 and the following apply.
ation particle size, in ym(c)with 1ISO 1117105 calibration
ratio at contamination particle size x (see symbol x above)

n (c) signifies that-the particle counters — of particles of size x ym — shall be APC (au
article counter).calibrated in accordance with 1ISO 11171051,

re advanced and detailed method to calculate the e factor and, in addition, illustrateg
egree of influence on contamination of the different influencing factors. When e is.deteqmined,

the influence of contamination on the e; facter when oil mist lubrication is use]

annex
in the

for the

d, see

omatic

ons for the selection of diagrams and equations for different lubricating

A.3.1 Circulating oil with on-line filters

The filtration ratio /), with particle size x in um(c) according to 1SO 168896l is the most influencing factor
when selecting diagrams and equations. The applicable contamination level for a range of cleanliness codes
according to I1SO 4406l7] is also indicated in these figures. The contamination level corresponds mainly to the
condition of the oil before it passes the on-line filter.

32
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NOTE Research involving the accuracy of measuring oil cleanliness by means of sampled oils has resulted in the
conclusion that it is extremely difficult to determine oil cleanliness with any degree of accuracy. Even by taking every
precaution, it is difficult not to pollute the sampled oil, and in addition there is a risk of including precipitated oil additives in
the particle calculation. The risk of obtaining an incorrect measuring result due to external pollution is largest when very
clean oils are analysed.

The cleanliness of circulation oil in applications with on-line filter normally increases when the oil has passed through the
filter for a certain period of time. Therefore, the general contamination level of the oil before it passes the on-line filter may
provide the best representation of the actual oil cleanliness in circulating oil systems. The difficulty associated with
measuring oil cleanliness accurately is the reason for using the filtration ratio Sy(c) with particle size x as the main
influencing factor when selecting the proper ec diagram or equation for on-line circulating oil systems.

A.3.2 Qil bath lubrication

For oil[ bath and circulating oil systems with off-line filters only, the selection of diagrams-and equations is
determined by the required contamination level, given as a range of cleanliness codes according to ISO 4406.

A.3.3 |Grease lubrication

For gre¢ase lubrication, the recommended selection of diagrams and equations’for different clegnliness levels
are indicated in Table A.1, and the selection shall be based on this table only.

A.3.4 |Bearing mounting and oil supply

To obfain predicted bearing lives, it is important to have the’bearing running under expegted operating
conditipns already from the start and after supplying new oil-forthe lubrication system.

Carefy] flushing of the bearing application after mounting is therefore important, with especially strong
demands when the bearings are operating under expected cleanest conditions. It is also impgrtant that new
oils arg filtered before being supplied to the oilrsystem. The filter shall then be at least a§ good as, but
prefergbly more efficient than, filters used for the oil system.

A.4 Contamination factor, ¢, for circulating oil lubrication with on-line filters

For circulating oil systems with” on-line filters, before the oil is supplied to the bearings, the|contamination
factor, |ec, can be determined by means of the diagrams or the equations in Figures A.1 to A.4. Primarily the
filtratiop ratio, ) determings the selection of diagram or equation, and for a selected x(c), the ., value
shall then be as high as’er higher than the value indicated for each diagram. The oil system ghall also have
cleanlipess within the fange indicated by the cleanliness code according to ISO 4406.
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Equation: ec =a|1- 0’5616/2 , where a = 0,0864 x*%® Dpwo'55 , with<he restriction a < 1
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Range of ISO 4406 codes: —/13/10, —/12/10, —/13/11, —/14/11
Figyire A.1 — ¢ factor for circulating oil lubrication with on-line filters — S ¢, = 200,
ISO 4406 code —/413/10
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Equation: e¢ =a {1 - J where a = 0,0432 098 Dpwo'55, with the restriction a < 1

Range of ISO 4406 codes: —/15/12, —/16/12, —/15/13, —/16/13

Figure A.2 — ¢ factor for circulating oil lubrication with on-line filters — 5 1, = 200,
ISO 4406 code —/15/12
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Figure A.3 — ¢ factor for circulating oil lubrication with on-line filters — £ 55) > 75,
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Figure A.4 — ¢ factor for circulating oil lubrication with on-line filters — £ ,,;) > 75,
ISO 4406 code —/19/16
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A.5 Contamination factor, ¢c, for oil lubrication without filtration or with off-line
filters
For oil lubrication without filtration or with off-line filters, the contamination factor, ec, can be determined by

means of the diagrams or the equations in Figures A.5 to A.9. The range of cleanliness codes, according to
ISO 4406, indicated for each figure is to be used for the selection of a suitable diagram or equation.

€ci
1 Dy, mm
0.9 — 2 000
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[HIVi e —— 5p0
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0.6 | 7/ 2P0
HY A ] 1po
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04 // 4/' 50
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A4 7 25
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0,2 ]
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0,

I
030507091113151719 21232527293133353739 K

0,6796

1/3
pw

Equation: ec =a {1 - J where a =0,0864 % %68 Dpwo'55 , with the restriction a < 1

Range of ISO 4406 codes: —/13/10, —/12/10, —/11/9, —/12/9

Figure A.5 — ¢ factor-for oil lubrication without filtration or with off-line
filters — 1ISO 4406 code —/13/10
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Figure A.6 — ¢ factor for oil lubrication without filtration or with off-line
filters — 1ISQ 4406 code —/15/12
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Figure A.7 — ¢ factor for oil lubrication without filtration or with off-line
filters — ISO 4406 code —/17/14
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Equation: ec =a [1— 173

J, where a =0,00864 008 DpWO'55, with the restriction a < 1
pw

Range of ISO 4406 codes: —/19/16, —/18/16, —/20/17, —[21/17

Figure A.8 — ¢ factor for oil lubrication without filtration or with off-line
filters — ISO 4406 code —/19/16
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Range of ISO 4406 codes: —/21/18, —/21/19, —/22/19, —/23/19

Figure A.9 — ¢ factor for oil lubrication without filtration or with off-line
filters — ISO 4406 code —/21/18
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A.6 Contamination factor, ¢, for grease lubrication
For grease lubrication, the contamination factor, es, can be determined by means of the diagrams or the

equations in Figures A.10 to A.14. Table A.1 is to be used for the selection of a suitable diagram or equation.
Select the operating condition row in the table that most fully represents the existing conditions.

Table A.1 — Selection of diagrams and equations for grease lubrication

Operating conditions Level of contamination
Very clean assembly with careful flushing; very good sealing in relation to
operating conditions; regreasing carried out continuously or at short intervals High cleanliness
Sealed bearings, greased for life with effective sealing capacity in relation to FigureA.10
opefating conditions
Clegn assembly with flushing; good sealing in relation to operating conditions;
regreasing according to manufacturer’s specification Normal cleanliness
Sealed bearings, greased for life with proper sealing capacity in relation to Figure A.11
opetating conditions, e.g. shielded bearings
Clegn assembly; moderate sealing capacity in relation to operating conditions; Slight to typical corntamination
regreasing according to manufacturer’s specifications Figure A.12
Assémbly in workshop; bearing and application not adequately washed after L
L7 . 2 - - o : Severe contantination
mounting; poor sealing capacity in relation to operating conditions; regreasing Fiqure A.13
intenvals longer than recommended by manufacturer 9 )
Assembly in contaminated environment; inadequate sealing; long_regreasing Very severe contagmination
intenvals Figure A.14
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Equation: ec =a|1- , Where a = 0,0864 %8 Dpwo*55 , with the restriction a < 1

Figure A.10 — ¢ factor for grease lubrication — High cleanliness
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Equation: ec =a {1 - J where a =0,0432 x0%8 Dpwo'55, with'the restriction a < 1

Figure A.11 — ¢ factor for grease lubrication — Normal cleanliness
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Equations:
— For D, <500 mm, ¢¢ =a 1—L81/73 . where a =0,0177 %% D, %% with the restriction a < 1
Dy
— For Dy, > 500 mm, e =a 1—L7173 , where a =0,0177 x*08 Dpwo,ss’ with the restriction a < 1
D
pw

Figure A.12 — ¢ factor for grease lubrication — Slight to typical contamination
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