TECHNICAL ISO/TS
SPECIFICATION 16281

First edition
2008-06-15

Rolling bearings — Methods for
calculating the modified reference rating
life for universally loaded bearings

Roulements — Méthodes de calcul de la durée nominale de référence
corrigée pour les roulementsiehargés universellement

-_— Reference number
= — ISO/TS 16281:2008(E)

©1S0 2008


https://standardsiso.com/api/?name=fe580916ccb196ed3cce5b5ecf2eacb8

ISO/TS 16281:2008(E)

PDF disclaimer

This PDF file may contain embedded typefaces. In accordance with Adobe's licensing policy, this file may be printed or viewed but
shall not be edited unless the typefaces which are embedded are licensed to and installed on the computer performing the editing. In
downloading this file, parties accept therein the responsibility of not infringing Adobe's licensing policy. The ISO Central Secretariat
accepts no liability in this area.

Adobe is a trademark of Adobe Systems Incorporated.

Details of the software products used to create this PDF file can be found in the General Info relative to the file; the PDF-creation
parameters were optimized for printing. Every care has been taken to ensure that the file is suitable for use by ISO member bodies. In
the unlikely event that a problem relating to it is found, please inform the Central Secretariat at the address given below.

—COPYRIGHT PROTECTED DOCUMENT

© 1S0 2008

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or by any means,
electronic or mechanical, including photocopying and microfilm, without permission in writing from either ISO at the address below or
ISO's member body in the country of the requester.

ISO copyright office

Case postale 56 « CH-1211 Geneva 20

Tel. +412274901 11

Fax + 4122749 09 47

E-mail copyright@iso.org

Web www.iso.org
Published in Switzerland

ii © ISO 2008 — All rights reserved


https://standardsiso.com/api/?name=fe580916ccb196ed3cce5b5ecf2eacb8

ISO/TS 16281:2008(E)

Contents Page
0T =TT o iv
0 Yo 11T 4T ) o T '
1 IS ] 0 O PP PP PPP PSS SPRPPPrrs NSRRI 1
2 NOrMative refErenNCeS ........cccieireee e e me e e sme e e e e e e s e afEabask e de s e mr e e nnnne 1
3 SYMDBOIS ...t e e s nmn e e e e eessnssnnmnnneeneesheSnaiennesnne fennnnnnnnnenaas 2
4 L= 2 1IN 7= T4 1 ' - . 1= A N 4
4.1 (7= 1= - | T . A E 4
4. Bearing internal load distribution .............oo e T e 4
4. L 1T T L= P 7 S -~ R 7
5 Roller bearings.......cccccciiiiniii i e e 9
5.1 (671 4 =T o T =PSRN SRR 9
5. Bearing internal load distribution .............coo i O e e 10
5. 2 111 T L. SR T 13
6 Reference geometries ... et 17
6.1 (7= 1= - | RN S 17
6. Cylindrical roller bearings and needle roller bearings ........cccccccveccciierrennnnsccccsseeeeessessse e fonseeeeeennn, 17
6. Deep groove ball bearings, angular contact ball bearings and separable ball bearings|............. 17
6. Spherical roller bearings.........cccccciiiiiiicccisse b cscsssrr e sssse e e e s s snmn e e e e s ee s s s nnmn e e ee e snnnenenees 17
6. Tapered roller bearings ...........cueueveieeeeeee it eeeeeeeeeeeeeee e res s nsnnnsnsnsmsmsmsmsmsmsmsmsmsmsmnnsnsnsnsnsssnsnnsdennnnnnnnnnns 17
6.6 Self-aligning ball BEAriNGS ... i e sssss e e s s nmn e e e s ee s s s smmn e e e e dessnnnenenns 18
6.7 Thrust cylindrical roller bearings and thrust needle roller bearings .........ccccccvviiiriciiccc e 18
6.8 Thrust ball bearings and thrust.angular contact ball bearings ..........ccccccvviiinniicnnccce e, 18
6.9 Thrust spherical roller bearingsi.........ccccocriiniiniinnis e 18
6.1 Thrust tapered roller bearings..........cccoiiriiiin e 18
7 Life modification factor,\w;5o, and contamination factor, e ..o 18
71 (€71 4 =T o T R R 18
7.2 Life modification fACLON ..........coccoiiiieci e e e e e e e 18
7.3 Contamination faGtOr....... ... e e 19
8 Fatigue load limit and basic dynamic load rating .........ccccccciiiiiiiinmnnccrre e s 19
L= T [ eTe T=T o] 4 3 S R 20
© SO 2008 — Al rights reserved iii


https://standardsiso.com/api/?name=fe580916ccb196ed3cce5b5ecf2eacb8

ISO/TS 16281:2008(E)

Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bod

ies

(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
non-goverhmental, in liaison with ISO, also take part in the work. ISO collaborates closely with
Internationgl Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

Internationpl Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main ftask of technical committees is to prepare International Standards. Draft International Standa
the technical committees are circulated to the member bodies for voting. Publication as
Internationgl Standard requires approval by at least 75 % of the member bodies casting.a-vote.

In other cjrcumstances, particularly when there is an urgent market requirement for such documents
technical gommittee may decide to publish other types of document:

— an ISOQ Publicly Available Specification (ISO/PAS) represents an agreement between technical experts
an ISQ working group and is accepted for publication if it is approved by more than 50 % of the memb)
of the |parent committee casting a vote;

— an ISQ Technical Specification (ISO/TS) represents an agréement between the members of a techn
commfittee and is accepted for publication if it is approved by 2/3 of the members of the committee cast

e years, revised to become an International Standard, or withdrawn. If the ISO/PAS or ISO/TS
confirmed,|it is reviewed again after a further_three years, at which time it must either be transformed into
Internationpl Standard or be withdrawn.

Attention i$ drawn to the possibility that'some of the elements of this document may be the subject of pat
rights. ISO| shall not be held responsible’for identifying any or all such patent rights.

ISO/TS 16R81 was prepared by-~Fechnical Committee ISO/TC 4, Rolling bearings, Subcommittee SC 8, Ld
ratings and life.
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Introduction

Since publication of ISO 281 in 1990, additional knowledge has been gained regarding the influence on
bearing life of contamination, lubrication, internal stresses from mounting, stresses from hardening, fatigue
load limit of the material etc. It is therefore now possible to consider factors that have influence on bearing life
in a more complete way in the life calculation.

ISQ 281:2007 provides a method to put into practice this new knowledge in a consistent.way| when the
mddified rating life of a bearing is calculated. However, the calculation method given in IS0@1281:2007 cannot
comsider the influence on life of tilted or misaligned bearings and the influence on life_of bearing clearance
dufing operation. This Technical Specification describes an advanced calculation method,which algo makes it
possible to consider these influences, and by that in addition provide the most accurate’support for|estimating
thg influence of contamination and other factors.

© 1SO 2008 — All rights reserved Vv
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TECHNICAL SPECIFICATION ISO/TS 16281:2008(E)

Rolling bearings — Methods for calculating the modified
reference rating life for universally loaded bearings

1 [ Scope

This Technical Specification contains recommendations for the calculation of the modified referenceg rating life

taking into consideration lubrication, contamination and fatigue load limit of the bearing imaterial,
tilting or misalignment, operating clearance of the bearing and internal load distributionJon rolling

as well as
elements.

The calculation method provided in this Technical Specification covers influencing(parameters additional to

thdse described in ISO 281.

The directions and limitations given in ISO 281 apply to this Technical Specification. The calculatio
pertain to the fatigue life of the bearings. Other mechanisms of failurgs like wear or microsp3
stdining), lie outside the scope of this Technical Specification.

This Technical Specification applies to tilted single-row radial ball-bearings, subjected to radial ang
ang with radial clearance and tilt taken into account. It als® applies to tilted single-row rolle

n methods
lling (gray

axial load
bearings,

sulbjected to pure radial load and with radial clearance, edge:stress and tilt taken into account. References to

mdthods for the analysis of the internal load distribution under general load are given.

The analysis of internal load distribution and modified reference rating life for multi-row bearings or
a more complex geometry can be derived from thelequations given in this Technical Specification
bedrings, the load distribution for each individualréw has to be considered.

This Technical Specification is primarily ;intended to be used for computer programs and tog
ISQ 281 covers the information needed.for life calculations. For accurate life calculations under the
coEitions specified above, it is recommended that either this Technical Specification or advanceq

calculations provided by bearing manufacturers, for determining the dynamic equivalent reference
different loading conditions, be used.

2 | Normative references

The following referenced documents are indispensable for the application of this document.
references, only{the edition cited applies. For undated references, the latest edition of the
do¢ument (including any amendments) applies.

W

ISQ 281:2007, Rolling bearings — Dynamic load ratings and rating life

bearings of
For these

ether with
b operating
computer
oad under

For dated
referenced

|SO AL D44 ImPNIITH N H Q ol £, P
TIZ5 1T, UMy oTearniys = SyTmidursS TUT Judarititics
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3 Symbols

For the purpose of this document, the symbols given in ISO 15241 and the following apply. See also the terms
and definitions in ISO 281:2007, Clause 3 and other definitions in ISO 281.

A distance, in millimetres, between raceway groove curvature centres of ball bearing having no
clearance and having an initial contact angle

aigo life modification factor, based on a systems approach of life calculation

aq life_madification factor for reliability

C, bapic dynamic axial load rating, in newtons

C, bapgic dynamic radial load rating, in newtons

oF fatjgue load limit, in newtons

oL spfing constant, in newtons per millimetre to the power of 10/9, of a rolling elemént with line contact
cp spfing constant, in newtons per millimetre to the power of 3/2, of a rolling element with point contac
Cq spfing constant, in newtons per millimetre to the power of 8/9, of a rolleflamina

Dy, piteh diameter, in millimetres, of ball or roller set

D, nominal ball diameter, in millimetres

Dy,  roller diameter, in millimetres, applicable in the calculation;of load ratings

E mqdulus of elasticity, in megapascals 1)

E(y) complete elliptic integral of the second kind

e supscript for outer ring or housing washer

ec coptamination factor

F(p) relptive curvature difference

bepring axial load (axial cemponent of actual bearing load), in newtons
bepring radial load (radial component of actual bearing load), in newtons
flJj.k] stress correction function for consideration of edge load

i supscript ferinner ring or shaft washer

i number 6f rows of rolling elements

K(y) completeeifipticintegraiof the firstkind

modified reference rating life, in million revolutions

effective roller length, in millimetres, applicable in the calculation of load ratings
Lior  basic reference rating life, in million revolutions

moment, in newton millimetres, acting on tilted bearing

1) 1 MPa =1 N/mm?

2 © 1SO 2008 — Al rights reserved
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ref,r
P(x)
PHe

PHi
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number of laminae

dynamic equivalent reference axial load, in newtons

dynamic equivalent reference radial load, in newtons

profile function, in millimetres

contact stress, in megapascals, at the contact of outer ring and rolling element

contact stress, in megapascals, at the contact of inner ring and rolling element

dynamic equivalent load, in newtons, of a bearing lamina &
rolling element load, in newtons

rolling element load, in newtons, for the basic dynamic load rating of outer ringrorf-housing washer
rolling element load, in newtons, for the basic dynamic load rating of inner. ring or shaft washer
dynamic equivalent rolling element load, in newtons, on outer ring or-housing washer
dynamic equivalent rolling element load, in newtons, on inner ring-or shaft washer
rolling element load, in newtons, of rolling element ;

basic dynamic load rating, in newtons, of a bearing lamina at the outer ring or housing washer contact
basic dynamic load rating, in newtons, of a bearinglamina at the inner ring or shaft washer ¢ontact
dynamic equivalent load, in newtons, of a bearing lamina at the outer ring or housing washer contact
dynamic equivalent load, in newtons, of abearing lamina at the inner ring or shaft washer contact
load, in newtons, on the lamina k of reller ;

distance, in millimetres, between the centre of curvature of the inner race groove and the axis of
rotation

crown radius, in millimétres, of spherical rollers

cross-sectional raceway groove radius, in millimetres, of outer ring or housing washer
cross-sectionalNraceway groove radius, in millimetres, of inner ring or shaft washer
radial operating clearance, in millimetres, of bearing

distance, in millimetres, between centre of lamina & and roller centre

number of rolling elements

nominal contact angle, in degrees, of a bearing

operating contact angle, in degrees, of the rolling element ;

initial contact angle, in degrees

auxiliary parameter, y = Dy, cosalD,,,

total elastic deflection, in millimetres, of both contacts of a rolling element
elastic deflection, in millimetres, of the rolling element ;

elastic deflection, in millimetres, of the lamina % of the roller j

© 1SO 2008 — Al rights reserved 3
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04 relative axial displacement, in millimetres, of both bearing rings

o, relative radial displacement, in millimetres, of both bearing rings

A reduction factor for the consideration of stress concentrations

v adjustment factor for exponent variation

VE Poisson's ratio

P curvature, in reciprocal millimetres, of the contact surface

Xp cufvature sum, in reciprocal millimetres

?; anpular position, in degrees, of rolling element j

4 ratjo of semi-major to semi-minor axis of the contact ellipse

v totgl misalignment, in degrees, between inner raceway and outer raceway
7 total misalignment, in degrees, between inner raceway and outer raceway\in the plane of rolling

elgment

4 Ball bearings

4.1 General

This clause describes the analysis of the internal load disttibution for radial ball bearings and thrust ball
bearings Under radial and axial load, taking into account radial clearance and tilt. Calculation meth¢ds
concerning the analysis of bearings of different geometry.or for more complex load cases can be derived from
the equatigns given in this Technical Specification.

The bearirlg internal load distribution is calculatedfor a static equilibrium; dynamic effects like centripetal gnd
gyroscopid forces are considered insignificant." This assumption is generally valid for low and moderpte

speeds. Af high speeds, centripetal and gyroscopic forces can become predominant and significantly alter the
bearing internal load distribution.

4.2 Bearing internal load distribution

4.21 Elgstic deflection of‘point contact

The elasti¢ deflection.ofia point contact can be calculated from Hertzian theory. The elastic deflection df a
single point contact{d,is given by

2
1C 2
5=3 4,5( = W K(z)g—Z=L— 0?13 (1)
nFE A HZE(;L)

\ J VA

The ratio, y, of the semi-major to semi-minor ellipses is the root of Equation (2)

1—%{M—1}—F(p):0 )
7°-1LE(x)
with the complete elliptic integral of the first kind, K(y)
/2 ] -1/2
K(z)= | [1—[1——2] (sinmz] do 3)
0 X

4 © 1SO 2008 — Al rights reserved
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and the complete elliptic integral of the second kind, E(y)

/2 1 1/2
E(z)= 1[1—[1——2]@"1@2] dp
X

0

the curvature sum at the inner ring contact, X,

2 1% D )
.:_2+___W
2Pi D( 1-y 2n

and curvature sum at the outer ring contact, Zp,

2 % D
2pe [ 1+y 2”e}

and the relative curvature difference at the inner ring contact, 7;(p)

_| v Pw 7 _Dw
Fi(p)_(1—}/+2rij/{2+1—}/ 2ri]

angl the relative curvature difference at the outer ring contact, F()p)

-y Dy /4 D,
Fp)=| L + 2w |[lo_ 7 _“w
e(p) [1+)/+2reJ/( 1+y 2rej

The total elastic deflection of both contacts at innerring and outer ring, 4, is given by

2 2
5=3 4,5[1—VE ] K(l|)3 2Z:p| +K(le)3 2Zpe Q2/3
nk \ 2 () X6 E(xe)

s leads to Equation (10) for load-deflection

T

=y

Q =cp 53/2

—

with the spring constant ¢p

-3/2
£ 2pi 2 pe
=148 | K(7) 3—=L1 + K(ye) 3—=Le —
* 1—vé[ N E ) (Ze)\/zezwe)]

4.2.2_ Static equilibrium

(4)

©®)

For a radial ball bearing with diametrically measured radial operating clearance, s, having an initial contact

angle, ag = arccos [1 — (s/24)], the total elastic deflection of the rolling element, &, is given by

2 2
5_j:<\/(ACOSaO+5rCOS¢;j) +(Asina0+5a+Risiny/coswj) —A>

The right-hand side of Equation (12) is set to zero if it is negative.

NOTE  The initial contact angle, «, is generally not identical to the nominal contact angle, ¢, in ISO 281.

© 1SO 2008 — All rights reserved
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In Equation (12), 4 is the distance between the curvature centres of the raceway groove radii, 7; and rg, see
Figure 1.

A=ritre—D, (13)
The distance between the centre of curvature of the inner raceway groove and the axis of rotation, R;, is
D D
pw w
R =——+|n——> |cosa 14
i 2 ( i 2 j 0 ( )

The conta¢t loads can be calculated from the elastic deflection of the rolling elements using Equationy(10).
These confact loads act in the direction of the operating contact angle of the rolling element,

(15)

Asinag + 54 + R; siny cos g;
a; = grctan
Acosag + 6, COS @;

The static [equilibrium conditions for the external forces and the moment acting en:the bearing rings and fhe
reaction forces of the rolling elements yield the equation system, which can be solved by iteration, in 4.2.p.1
and 4.2.2.2.

o Ll Y
) " “%{S 7 [
N q |
x| S
o |
|
\ \ \ .
A T
w L 5,
%
| |
\_ |
N N

Figure 1 — Auxiliary geometry parameters
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2.1 Sum of all forces

z
F. —cp Z 5;’/2 cosa;cosg; =0
J=1

Z
F, —CPZ 5}3/28ina]~ =0
j=1

4.

4.3

4.3.

Th
de

4.3

Fo
an

Fo
an

.2.2  Sum of all moments
DPW 2 3/2
M, _£TJ cp Z 65 % sina;cosg; =0
j=1

Rating life
1 Rolling element load for the basic dynamic load rating

11 General

e rolling element load for the basic dynamic load ratings fafinner rings and outer rings, Q; ar
ived from ISO/TR 1281-1[1],

1.2 Radial ball bearings

the inner ring, QO can be calculated by means-of the basic dynamic radial load rating, C,, for
l multi-row bearings.

C -2 (20 - Y
— i —
0 = r | 1+ 1,044(_7] i fe T Pw
0,407 Z(cos a) " T+y e \ 2ri— Dy,

the outer ring, O, can be calculated by means of the basic dynamic radial load rating, C,, for
I multi-row bearings(

C 1= Y2 (20— D

_ ’ i —

Oe = 1+ 1,044( 7] 2 m Pw
0,389 7 (cos )Y 1+y re \ 2ri— Dy

10/3 3/10

—1073)3/10

4.

1.3 Thrust ball bearings with a nominal contact angle, « = 90°

(16)

(17)

(18)

d Q. are

single-row

(19)

single-row

(20)

For the inner ring or shaft washer, O can be calculated using the basic dynamic axial load rating, C,

10/3)3/10

0,41
N

" Zsina 14y ) |re | 2r-Dy,

© 1SO 2008 — All rights reserved
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For the outer ring or housing washer, Q.. can be calculated using the basic dynamic axial load rating, C,

~10/3 3/10

c =2 (2 =Dy )|
— r; —
ch — .a 1+ }/ _I Ve \\ (22)
Zsina 1+y re | 21 — Dy,

4.3.1.4 Thrust ball bearings with a nominal contact angle, « = 90°

For the shaftwaster, U can be calculated using the basic dynamic axtat foad rating, ¢, |
3/10
0,41 10/3
C ri | 2re — D
Qci:_a 14+ ] fe T Pw (3)
VA fe | 2ri — Dy,

For the holising washer, O can be calculated using the basic dynamic axial load rating; C,

—1073)3/10

5 0,41

ri -D

Oco Ca g, )| 1] 2%~ Dw (p4)
VA Te 2ri - Dy,

4.3.2 Dyphamic equivalent rolling element load

The dynamic equivalent rolling element load for an inner ring or a shaft washer, Q;, which is rotating relafive
to the beatlling load is

M~

1/3
Oei = Qf’} (25)

1
z ¢
J

Il
-

and for anlinner ring or a shaft washerwhich is stationary relative to the bearing load is
3/10
1& 103
Osi=| - 2. 0] (26)
j=1

The dynamic equivalent rolling element load for an outer ring or a housing washer, Q.., Which is stationgry
relative to the bearing load is

e \3/10
Qee = LE' > Q}O’:‘J 27)
=

and for an outer ring or a housing washer which is rotating relative to the bearing load is

1/3

1 & 3

Qee:[E ZQJJ (28)
j=1

For a normal load distribution, the difference between the dynamic equivalent rolling element loads for a

rotating and a stationary inner ring is less than 2 %. This can generally be neglected, especially as the

8 © 1SO 2008 — Al rights reserved
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deviation of dynamic equivalent rolling element loads on inner ring and outer ring partially compensate each
other.

When calculations are carried out, the inner ring is generally considered to be rotating and the outer ring to be
stationary.

4.3.3 Basic reference rating life

Using the rolling element load for the basic dynamic load ratings and the dynamic equivalent rolling element
loads, the basic reference rating life, L4q,, can be calculated.

-9/10

-10/3 -10/3

Qci ch

Lin =|| =CL =ce 29
o [Qei] +[Qee] ( )

4.3.4 Dynamic equivalent reference load

The dynamic equivalent reference load for radial ball bearings, Py, is

C
Pref, r= Tr3 (30)

10r

and for thrust (axial) ball bearings, Pyt 5

Ca
Pref,a = 173
10r

(31)

4.3.5 Modified reference rating life

The modified reference rating life, L ., forradial ball bearings is calculated by means of the life modification
fagtor, a;50, which can be calculated gsing 1ISO 281:2007, Equations (31) to (33).

3
C
Lymr =a1a|so{P : J (32)

ref,r

Fof thrust ball bearings; the modified reference rating life calculation is

3
C
anr :a'IaISO[P 2 J (33)

ref,a

w

ith ¢helife modification factor g;g calculated using 1ISO 281:2007, Equations (37) to (39).

5 Roller bearings

5.1 General

This clause describes the analysis of the internal load distribution for radial roller bearings under radial load,
taking into account radial clearance and tilt. Calculation methods concerning the analysis of bearings of
different geometry or for more complex load cases can be derived from the equations given in this Technical
Specification.

© 1SO 2008 — Al rights reserved 9
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The bearing internal load distribution is calculated for a static equilibrium, dynamic effects like centripetal and
gyroscopic forces are considered insignificant. This assumption is generally valid for low and moderate
speeds. At high speed, centripetal and gyroscopic forces can become predominant and significantly alter the
bearing internal load distribution.

5.2 Bearing internal load distribution

5.2.1 Elastic deflection of line contact

According to Reference [4], the elastic deflection of a rolling element with line contact can be described by the
equation

0 = o510 (B4)
with the spfing constant, ¢, for contacting parts made of steel

¢, =359481812 (B5)

Figure-2 — Total deflection of roller contacts

5.2.2 Lamina model

For the cage where the~-raceways are cylindrical, the elastic deflection of a misaligned rolling element can|be
described py a lamiha)model.

To calculae the ‘elastic deflection, the roller is divided into ng identical laminae, see Figure 3. The numbef of
laminae shall’be at least ng = 30.

The load-deflection equation, giving the load on lamina % of roller j, 4j ko is
4k =cs0ii (36)
with the spring constant, ¢

8/9
., - 35.948L0g (37)

ng

10 © 1SO 2008 — Al rights reserved
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For a radial deflection, &, of the inner ring, the elastic deflection of the rolling element ;, 51 is
N
8;=0rcosg;—3 (38)

The total misalignment angle between the raceways in the plane, shown in Figure 4, of the rolling element ,
¥ is given by

W= arctan(tan WCOS(/)]») (39)
Th O icau‘b tU t: 1< U:dbtib UIUﬂULat;UII Uf t: 1< :dlll;l (=] I’t Uf ti 1T IU“;I LI®) U:UIIIUI Itj, (S] k
0, k= (0; —xtany,) (40)

The right-hand side of Equation (40) is set to zero if it is negative.

NQTE The assumptions in Equation (40) are not exactly true when influences of rib load ‘and different infer ring and
outer ring profiles exist.

Further, the profile depth is subtracted from the deflection

The right-hand side of Equation (41) is set to zero if it is negative:

qj,k

RN N IR AN

-

Figure 3 — Lamina model

© 1SO 2008 — Al rights reserved 11
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Figure 4 — Misaligned-roller bearing

5.2.3 Roller profile

If a purely|cylindrical roller is loaded, edge stresses will occur, which can substantially exceed the calculated
Hertzian pfessure. Therefore rollers are usually profiled.

For rollers Imade of steel and usual applications, the profile functions, P(x;), of Equations (42) to (44) have bgen
derived.

For rollers having a length, Lz <2,5D, 6

1

P(xk =0,00035D,,¢ In > (#2)
1 — (2xk /LWG)
For rollers [having a length, L, > 2,5D,,... a stepwise defined profile function applies
Lye—2,5D
P(x;)=0 for |xk|<M (43)
Lye—25D
P(x;)=0,00050 D, In L for |xk| > Wefw (44)

1—{[2|xk |~ (Lye — 2.5 Dye )]/2,5Dwe}2

The profile functions in Equations (42) to (44) give approximate values. Actual roller designs, based on the
expertise of the manufacturer, can deviate significantly from these reference geometries.
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5.2.4 Static equilibrium
The static equilibrium conditions for the external forces and moment acting on the bearing rings and the

reaction forces of the rolling elements yield the equation system, which can be solved by iteration, of 5.2.4.1
and 5.2.4.2.

5.24.1 Sum of all forces

A ng
C
F——t > |cosg, > 53-,‘/1’91=0 (45)

5.2.4.2 Sum of all moments
o < & 10/9

My —— 3 |cosg; D x50 =0 (46)
s j=1 k=1

5.3 Rating life

5.3.1 Rolling element load for the basic dynamic load rating

5.31.1 General

The rolling element load for the basic dynamic load ratings for inner rings and outer rings, O and O, are
defived from ISO/TR 1281-1[1].

5.3.1.2 Radial roller bearing

The rolling element load for the basic dynamic load ratings for inner rings, O, and outer rings, (.., can be
calpulated using the basic dynamic radialload rating, C,, for single-row and multi-row bearings.
2/9
1 c | 1431108 9/2
Oy = — LAy 1,038[ 7} (47)
Av 0,378 Z(cos )i 1+y
2/9
] c 41431108 -9/2
Oco = —— T 1,038[ 7) (48)
4+.0,364 Z (cosar) i 1+7y
with
Jv=0,83 (49)

according to Reference [1].

This value of v requires a detailed analysis of the contact stress as described in References [5], [6] or [7], or
by applying the approximate function for the stress concentration in Equation (60).
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5.3.1.3  Thrust roller bearing with a nominal contact angle, « = 90°

The rolling element load for the basic dynamic load ratings for inner rings or shaft washers, Q;, and outer
rings or housing washers, O, can be calculated using the basic dynamic axial load rating, Cj.

2/9

1 MENCL 9/2
=2 4| — 50
Qo Av Zsina [1+7j (50)
779

1 -y 143/108 7 9/2
H4——8 M+ || — b1
e 170 Zsina [1+7j (PP

with

Av =073 (p2)

This value|of Av requires a detailed analysis of the contact stress as described in-References [5], [6] or [7]] or
by applying the approximate function for the stress concentration in Equation (60Q).

5.3.1.4 [Thrust roller bearing with a nominal contact angle, « = 90°

The rolling| element load for the basic dynamic load ratings for shaft-washers, Q;, and housing washers, @,
can be calgulated using the basic dynamic axial load rating, Cj.

1 Ca 5219
=l a g9 63
Qe v 7 (b3)
1 Ca 5209
J— a2 54
Qe v 7 (P4
with
v:
Jv=0[73 (p5)

This value|of Av requires a detailed analysis of the contact stress as described in References [5], [6] or [7]] or
by applying the approximate-function for the stress concentration in Equation (60).

5.3.2 Basic dynamicioad rating of a bearing lamina

The basic flynamic+load rating of a bearing lamina of the inner ring, ¢, is

) \7/9

4

9ci =QciL ' J (56)

ng

The basic dynamic load rating of a bearing lamina of the outer ring, g, is

1 7/9
dce = Oce [_j (57)

ng
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5.3.3 Concentration of edge stress

In cases where the rolling elements are only lightly profiled or severely misaligned, edge stresses can arise
which need to be taken into account in the rating life calculation. The distribution of contact stress over the
length of the rolling elements can be calculated by means of References [5], [6] or [7]. From the calculated
distribution of the contact stress over the roller length, an approximated function of the stress concentration at
the inner ring raceway, f{/,k], can be obtained from Equation (58) and at the outer ring raceway, f.[/,k], from
Equation (59).

2
(PHif.k\ o e Lye

= “ 271 J Due(—7) 0, }/‘Ij,k (58)

2
fo Lik]= [”27’1"] Due (1+7) Ln“:e %z_j,k (59)
Asj|a first approximation, a stress riser function, f[k], determined from contact stress calculations, can be used

for|the lamina &

filk]=fe[k]=1- [o,o/ In [1,985 WD] (60)

This approximation function is only valid for an approximated profile obtained with the aid of the
Eqpations (42), (43) and (44), and providing the conditions:0f medium load and a total misalignment of the
bearing of less than 4' are fulfiled. For a general calculation, the use of the methods dgscribed in
References [5], [6] or [7] is recommended.

5.3.4 Dynamic equivalent load on a lamina

The dynamic equivalent load on a lamina & of\an inner ring, ¢,¢;, which is rotating relative to the load is

1
1 Z 4|
Thei =|— > (A Lik] 4x) (61)
j=1
and the dynamic equivalent Ioad on a lamina & of an inner ring, ¢,,;, which is stationary relative to the Joad is

1

Trei = l% i (filik]q j,k)4'5] Tﬁ (62)

q=1

The dynamic equivalent load on a lamina k of an outer ring, g, Which is stationary relative to the Igad is

1

1 Z 45|45
dree =| 7 2 (o [ik]4)x) (63)

J=1

and the dynamic equivalent load on a lamina & of an outer ring, ¢,., Which is rotating relative to the load is

NN

1 < 4
Troo {g 2 (fe k] 4 } (64)
j=1
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For a normal load distribution, the difference between the dynamic equivalent rolling element loads for a
rotating and a stationary inner ring is less than 2 %. This can generally be neglected, especially as the
deviation of dynamic equivalent rolling element loads on inner ring and outer ring partially compensate each

other.

When calculations are carried out, the inner ring is generally considered to be rotating and the outer ring to be

stationary.

5.3.5 Basic reference rating life

The basic feference rating Tite, Ly, 1S

n 45 45
Lor 4 Z (qkaJ +[che]
k=1 |\ Ykei dkee

5.3.6 Dypamic equivalent reference load

-8/9

The dynanpic equivalent reference load for radial roller bearings, P, is

G
Pref,r - 3/10
Lior

and for thryst roller bearings, P 5, is

Peia Ca_
ref,a [~ L?QO
r

5.3.7 Maodified reference rating life

For radial foller bearings, the modified reference rating life, L, is

n o 978 -9/2 -9/2
Lyne Fa1] D also[ 33 “r,Kj [—ch'] + [—che]
k=1 ks 9 kei dkee

with the lif¢ modification factor, a;5q, calculated using ISO 281:2007, Equations (34) to (36).

The dynanpic equivalent load, P, of the bearing lamina & is

—~
[®2)
()]

~

~~
)
~
~

—
[©2]
o

~

—~
[22]
©

-~

. 9/2 . 9/2 219
Prs =[0823 7 (cos ar)ng || qrei’’? + (1,038&) GreeY 2 |/ |1+ (1,038@W
N e 7y el ]

For thrust roller bearings, the modified reference rating life is

ng on C -9/8 -9/2 -9/2
Lymr = a1 Z aISO[ CP ua,Kj [‘Ikmj +£‘1kce]
=1 ks 9kei 9kee

with the life modification factor, 4,5, calculated using ISO 281:2007, Equations (40) to (42).
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