TECHNICAL ISO/TR
REPORT 1281-1

First edition
2008-12-01

Rolling bearings — Explanatory notes
on ISO 281 —

Part 1:
Basic dynamic load rating and basic¢
rating life

Roulements — Notes explicatives sur I''SO 281 —

Partie 1: Charges dynamiques de base et durée nominale de base

_———— Reference number
=, = ISO/TR 1281-1:2008(E)

©1S0 2008


https://standardsiso.com/api/?name=5504a5fcd0d5ce3f831110e1b4c3ea0f

ISO/TR 1281-1:2008(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.

NT

© 1S0O 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 +41 22749 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=5504a5fcd0d5ce3f831110e1b4c3ea0f

ISO/TR 1281-1:2008(E)

Contents Page
o] =NV o iv
e Yo 11T o) T \'
1 Yoo Y=Y S 1
2 NOrmative referenCes ..o e e s e e mme e e e S0 E R e e 1
3 L1 1] o e =3 S PRUP SUPN.SURRRTY PR 1
4 (=7 T (oo V79 F=T0 g TLeB0 Lo - To I - 11 o =S [ 3
4 Basic dynamic radial load rating, C,, for radial ball bearings .................. L, 4
4 Basic dynamic axial load rating, C,, for single row thrust ball bearings..........cccccoeniiicforrnnnnins 7
4 Basic dynamic axial load rating, C,, for thrust ball bearings with two or more rows of

7= 1] S S R R 9
4, Basic dynamic radial load rating, C,, for radial roller bearings.«.........cccccoeevvumriniennininccnfovinninns 10
4. Basic dynamic axial load rating, C,, for single row thrust roller bearings...........cccccocco. feeneenee 12
4, Basic dynamic axial load rating, C,, for thrust roller bearings with two or more rows of

o 1= 7Y R 13
5 Dynamic equivalent [0ad...........ccoooiiiiiiiii b e 15
5. Expressions for dynamic equivalent load......cu...ccccoiiiiiiiiiccmniiiccccrrr e e, 15
5.1 [SF To3 (o] €30 G0 - 1 4 U [ s USRI RN 27
6 Basic rating life ... B e 38
7 Life adjustment factor for reliability............ccccoriviriiiiici e, 39
=31 o] Lo o =T o /2 S R RN 40

© 1SO 2008 — All rights reserved


https://standardsiso.com/api/?name=5504a5fcd0d5ce3f831110e1b4c3ea0f

ISO/TR 1

281-1:2008(E)

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 commlttees Each member body mterested in a subject for WhICh a technlcal committee has been

establishe,
non-gover
Internatior

Internatior
The main
adopted §

Internation

In excepti
which is n

nmental, in liaison with ISO, also take part in the work. ISO coIIaborates closely with)-f
al Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

al Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part2.

y the technical committees are circulated to the member bodies for voting. Publication as
al Standard requires approval by at least 75 % of the member bodies casting'a vote.

ormally published as an International Standard (“state of the art”, for example), it may decide by

task of technical committees is to prepare International Standards. Draft International Standards

an

pnal circumstances, when a technical committee has collected datacof-a different kind from that

a

By
no

ad

simple mdjority vote of its participating members to publish a Technical Repart.' A Technical Report is entir
informative in nature and does not have to be reviewed until the data-it{provides are considered to be
longer val|d or useful.

Attention s drawn to the possibility that some of the elements of‘this document may be the subject of patent
rights. ISQ shall not be held responsible for identifying any or allisuch patent rights.

ISO/TR 1281-1 was prepared by Technical Committee ISQfTC 4, Rolling bearings, Subcommittee SC 8, Lo
ratings anf life.

This first gdition of ISO/TR 1281-1, together with the first edition of ISO/TR 1281-2, cancels and replaces

first editio

ISO/TR 12

ISO 281:

— Part 1

— Part 2:

n of ISO/TR 8646:1985, which has beghtechnically revised.

81 consists of the following parts, under the general title Rolling bearings — Explanatory notes

: Basic dynamic load rating and basic rating life

Modified rating life\calculation, based on a systems approach of fatigue stresses
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Introduction

ISO/R281:1962

A first discussion on an international level of the question of standardizing calculation methods for load ratings
of rnlling haaringe took plar\a at _the 1934 conference of the International Federation of th National
Standardizing Associations (ISA). When ISA held its last conference in 1939, no progress hadtbgen made.
Hawever, in its 1945 report on the state of rolling bearing standardization, the ISA 4 Secretariat included
proposals for definition of concepts fundamental to load rating and life calculation standards.| This feport was
digtributed in 1949 as document ISO/TC 4 (Secretariat-1)1, and the definitions it contained are iph essence
these given in 1ISO 281:2007 for the concepts “life” and “basic dynamic load rating” (now divided into “basic
dynamic radial load rating” and “basic dynamic axial load rating”).

In[ 1946, on the initiative of the Anti-Friction Bearing Manufacturers Association (AFBMA), New York,
digcussions of load rating and life calculation standards started between industries in the USA and Sweden.
Chiefly on the basis of the results appearing in Reference [1], an AFBMAcrstandard, Method of evalyating load
ratings of annular ball bearings, was worked out and published in 1949, On the same basis, the member body
fof Sweden presented, in February 1950, a first proposal to IS@, “Load rating of ball bearipgs” [doc.
ISP/TC 4/SC 1 (Sweden-1)1].

In[view of the results of both further research and a modification to the AFBMA standard in 1950, ps well as
inferest in roller bearing rating standards, in 1951, thekmember body for Sweden submitted § modified
prpposal for rating of ball bearings [doc. ISO/TC 4/SC, (Sweden-6)20] as well as a proposal for rating of
roller bearings [doc. ISO/TC 4/SC 1 (Sweden-7)21].

Ldad rating and life calculation methods were then studied by ISO/TC 4, ISO/TC 4/SC 1 and ISO/T|C 4/WG 3
at|11 different meetings from 1951 to 1959. Reference [2] was then of considerable use, serving 4s a major
basis for the sections regarding roller bearing rating.

THe framework for the Recommendation was settled at a TC 4/WG 3 meeting in 1956. At|the time,
deliberations on the draft for revision of AFBMA standards were concluded in the USA and ASA B3 approved
theé revised standard. It was preposed to the meeting by the USA and discussed in detail, togethgr with the
Sqcretariat's proposal. At the'meeting, a WG 3 proposal was prepared which adopted many parts gf the USA
proposal.

In[1957, a Draft Propesal (document TC 4 N145) based on the WG proposal was issued. At the WG 3
meeting the next year, this Draft Proposal was investigated in detail, and at the subsequent TC 4 meeting, the
adoption of TCA4.N145, with some minor amendments, was concluded. Then, Draft ISO Recommendation
Ng. 278 (as TC4 N188) was issued in 1959, and ISO/R281 accepted by ISO Council in 1962.

ISP 281/1:1977

In[1964, the member body for Sweden suggested that, in view of the development of imposed bearing steels,
the time had come to review ISO/R281 and submitted a proposal [ISO/TC 4/WG 3 (Sweden-1)9]. However, at
this time, WG 3 was not in favour of a revision.

In 1969, on the other hand, TC 4 followed a suggestion by the member body for Japan (doc. TC 4 N627) and
reconstituted its WG 3, giving it the task of revising ISO/R281. The AFBMA load rating working group had at
this time started revision work. The member body for the USA submitted the Draft AFBMA standard, Load
ratings and fatigue life for ball bearings [ISO/TC 4/ WG 3 (USA-1)11], for consideration in 1970 and Load
ratings and fatigue life for roller bearings [ISO/TC 4/WG 3 (USA-3)19] in 1971.

In 1972, TC 4/WG 3 was reorganized and became TC 4/SC 8. This proposal was investigated in detail at five
meetings from 1971 to 1974. The third and final Draft Proposal (doc. TC 4/SC 8 N23), with some amendments,
was circulated as a Draft International Standard in 1976 and became I1SO 281-1:1977.
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The major part of ISO 281-1:1977 constituted a re-publication of ISO/R281, the substance of which had been
only very slightly modified. However, based mainly on American investigations during the 1960s, a new clause
was added, dealing with adjustment of rating life for reliability other than 90 % and for material and operating
conditions.

Furthermore, supplementary background information regarding the derivation of mathematical expressions
and factors given in 1ISO 281-1:1977 was published, first as ISO 281-2, Explanatory notes, in 1979; however,
TC 4/SC 8 and TC 4 later decided to publish it as ISO/TR 8646:1985.
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TECHNICAL REPORT ISO/TR 1281-1:2008(E)

Rolling bearings — Explanatory notes on ISO 281 —

Part 1:
Basic dynamic load rating and basic rating life

1| Scope
THis part of ISO/TR 1281 gives supplementary background information regarding the den
mathematical expressions and factors given in ISO 281:2007.
2| Normative references

THe following referenced documents are indispensable for the)'application of this document.

jvation of

For dated

references, only the edition cited applies. For undated references, the latest edition of the neferenced

dgcument (including any amendments) applies.

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

Clause

4,5
4,5
4,6

3| Symbols

A constant of proportionality

A, constant of proportionality determined experimentally

By constant of propartionality determined experimentally

Cq basic dynamic-radial load rating of a rotating ring

CH basic dynamic radial load rating of a stationary ring

Cy basic.dynamic axial load rating for thrust ball or roller bearing

Ch basic dynamic axial load rating of the rotating ring of an entire thrust ball or roller
bearing

Ch basic dynamic axial load rating of the stationary ring of an entire thrust ball or roller
hearing

Cax basic dynamic axial load rating as a row & of an entire thrust ball or roller bearing

Cati basic dynamic axial load rating as a row k of the rotating ring of thrust ball or roller
bearing

Caor basic dynamic axial load rating as a row & of the stationary ring of thrust ball or roller
bearing

Ce basic dynamic load rating for outer ring

G basic dynamic load rating for inner ring

C, basic dynamic radial load rating for radial ball or roller bearing

© 1SO 2008 — All rights reserved
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Dy pitch diameter of ball or roller set 4
D, ball diameter 4,5
Dyye mean roller diameter
E, modulus of elasticity
Fy, axial load
F, radial load 4,5
J4 factor relating mean equivalent load on a rotating ring to O, 4,5
Jy factor relating mean equivalent load on a stationary ring to Oy« 4.5
J3 axial load integral )
Jy radial load integral 4,5
L bearing life 7
Lo basic rating life 6,7
Lye effective contact length of roller
Loer Ly perrow k
N number of stress applications to a point on the raceway
P, dynamic equivalent axial load for thrust bearing 5,6
P, dynamic equivalent radial load for radial bearing 5,6
Py dynamic equivalent radial load for the rotating ring 5
Py dynamic equivalent radial load for the stationary ring 5
0 normal force between a rolling element and the raceways 4,6
Oc rolling element load for the basic dynamic load rating of the bearing 4,6
QC1 roIIin_g element load for the basic dynamic‘oad rating of a ring rotating relative to the 4,5
applied load
QC2 roIIin_g element load for the basic dynamic load rating of a ring stationary relative to the 4,5
applied load
Omax maximum rolling element-oad 4,5
S probability of survival(reliability 4,7
14 volume representative of the stress concentration 4
Vi rotation factor 5
X radial load.factor for radial bearing 5
X, radial lead factor for thrust bearing 5
Y axiahload factor for radial bearing 5
Y, axial load factor for thrust bearing 5
Z number of balls or rollers per row 4,5
Z number of balls or rollers per row k 4
a semimaijor axis of the projected contact ellipse 4
ay life adjustment factor for reliability 7
b semiminor axis of the projected contact ellipse 4
c exponent determined experimentally 4,6
g compression constant 5

2 © 1SO 2008 — All rights reserved
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measure of life scatter, i.e. Weibull slope determined experimentally 4,5,6,7

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

exponent determined experimentally
number of rows of balls or rollers
circumference of the raceway

cross-sectional raceway groove radius

e
(e}

N
o

X K R

4

TH
Re

TH

cross-sectional raceway groove radius of outer ring or housing washer
cross-sectional raceway groove radius of inner ring or shaft washer
auxiliary parameter

J5(0,5)/74(0,5)

depth of the maximum orthogonal subsurface shear stress

nominal contact angle

actual contact angle

D,, cos alDy,, for ball bearings with o # 90°
Dy/Dy,, for ball bearings with o =90°
Dy cOs alDy,, for roller bearings with’ o= 90°
Dyye/Dpy for roller bearings.with « = 90°

parameter indicating the width of the loaded zone in the bearing
reduction factor
reduction factor
factor introduced by Hertz
factor introduced by Hertz, aradjustment factor for exponent variation
ax maximum contact stress

curvature sum

maximum orthogenal subsurface shear stress

one half of the'toaded arc

Basic dynamic load rating

e background to basic dynamic load ratings of rolling bearings according to 1SO 281 a
ferences [1] and [2].

A OO A B A OO > b

N
>~ o -
&

4,5

a b A A M M b

ppears in

e expressions for calculation of basic_dynamic load ratings of rolling bearings develop fron]

a power

correlation that can be written as follows:

1 SNV
|n—oc°—h
Zo

where

S is the probability of survival;

7

o is the maximum orthogonal subsurface shear stress;

© 1SO 2008 — All rights reserved
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N is the number of stress applications to a point on the raceway;
vV is the volume representative of the stress concentration;
zo, is the depth of the maximum orthogonal subsurface shear stress;
¢, h are experimentally determined exponents;
e is the measure of life scatter, i.e. the Weibull slope determined experimentally.
For “point”
concentration in Correlation (1) is proportional to the major axis of the projected contact ellipse, 2a;

circumfergnce of the raceway, /, and the depth, z,, of the maximum orthogonal subsurface shear stress,.z,.

Vecalzol

Substituting Correlation (2) into Correlation (1):

1
In— ot
S

“Line” contact was considered in References [1] and [2] to be approached,under conditions where the maj

| 7oNal

h-1
Zo

axis of thg calculated Hertz contact ellipse is 1,5 times the effective roller’ contact length:

ab?

2a=15L,¢
In additior}, /a should be small enough to permit the introductioh of the limit value of ab? as b/a approaches
230
nEq2p

(for variablle definitions, see 4.1).

4.1 Basic dynamic radial load rating, C,, for radial ball bearings

From the |theory of Hertz, the maximum orthogonal subsurface shear stress, z,, and the depth, z,, can
expresseq in terms of a radial load £, i.e. a maximum rolling element load, Q0,54 Or @ maximum cont
stress, of . and dimensionsOfor the contact area between a rolling element and the raceways. T
relationsh|ps are:

-7
To = { Omax

— ¥V
zZg=¢b

or

hct
he

(=912

2t(t+1)

1

(t+1)(2¢-1)"?

1/3
_ 30
a_'u[Eozpj
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1/3
EoXp

where
Omax 1S the maximum contact stress;
t is the auxiliary parameter;
a s thesemimajor axis of the projected contact etipse;
b is the semiminor axis of the projected contact ellipse;
(0] is the normal force between a rolling element and the raceways;

Cq
an

S

elegment load for basic dynamic load rating which is designated to point contact rolling bearings int

CO|

wh

is the modulus of elasticity;

Xp is the curvature sum;
u,v  are factors introduced by Hertz.
nsequently, for a given rolling bearing, z,, a, / and z, can be expressed in terms of bearing geon

d revolutions. Correlation (3) is changed to an equation by insérting a constant of proportionality.
ecific number of revolutions (e.g. 10°) and a specific reliability (e.g. 0,9), the equation is solved f

hstant of proportionality, A:

0:41 _ —
o 13 | 2 (15 5)(1:89¢+1.41h-5,82)/(c~h+2) .
c= 42c+h-2)(c-h+2)y 53e/(c~h+2) o, o (1% y)3e/(c—h+2)
3l(c—h+2)
( j D @erh-5)(c-h+2) ;=Bel(c-h+2)
cosa W
ere

Oc s the rolling elemeéntload for the basic dynamic load rating of the bearing;

D is the ball diameter;

w
y s DyCos’alDyy;
in which

D is the pitch diameter of the ball set,

pw

hetry, load
nserting a
br a rolling
oducing a

(6)

a is the nominal contact angle;

Z is the number of balls per row.

The basic dynamic radial load rating, C, of a rotating ring is given by:

©l

J
Cy=0c, Zcos oz‘]—::O,4O7QC1 Zcosa

SO 2008 — All rights reserved
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The basic
Cy, =

where

o,

J1 =4 (0,5) is the factor relating mean equivalent load on a rotating ring to Q,,,,, (see"Table 3);

Jo =4 (0,5) is the factor relating mean equivalent load on a stationary ring to Q... (see Table 3).

The relati
product la

C =

Substitutir]
ball bearin

C =

=

-~

{cos a)c-h-Wie=h+2) Zle-h-3e+2)l(c-h+2) p, (2c+h-5)(c~h+2)

i$ the experimentally determined proportionality constant;

dynamic radial load rating, C,, of a stationary ring is given by:

Oc, Zcos a % =0,3890, Zcos (8)

2

is the rolling element load for the basic dynamic load rating of a ring rotating relative to the

applied load;

is the rolling element load for the basic dynamic load rating of a ring stationary relative
the applied load;

(0,5) is the radial load integral (see Table 3);

pnship between C, for an entire radial ball bearing, and C; and Cj, is expressed in terms of {
W of probability as:

31-3/(c=h+2)

N [ C1 ](CthZ)/
L1 1+ —
C2

g is expressed as:

D, 4

1 13 25 0.41 (1= y)(1:89¢ +1.411 - 5,82)/(c—h+2) Slehs2)

4@c+h-2)/(c~h+2) o gel(c—h+2) 1 27— D, (14 y)3¢llc=h+2) ’ x
(c—h+2)/3 "73/(cfh+2)
I )
- (
I

|

B 0.41 (1,59¢ +1,41h +3e— 5,82)/(c—h+2)
+11,04] L[ Ze =Dw o
2r,-D,, 1+

Te

5 the ‘eross-sectional raceway groove radius of the inner ring;

—

(0]

he

9)

g Equations (6), (7) and (8) into Equation (9), the\basic dynamic radial load rating, C,, for an entjre

o is the cross-sectional raceway groove radius of the outer ring;

i is the number of rows of balls.

Here, the contact angle, «, the number of rolling elements (balls), Z, and the diameter, D,,, depend on bearing
design. On the other hand, the ratios of raceway groove radii, 7, and r, to a half-diameter of a rolling element
(ball), D,,/2 and y= D,, cosa/D,,,, are not dimensional, therefore it is convenient in practice that the value for
the initial terms on the right-hand side of Equation (10) to be designated as a factor, f:

C, = fC (i cos a)(c—h—'l Y (c—h+2) Z(c—h—3€+2)/(c—h+2)DW(2(:+h—5)/(c—h+2) A

1)

© 1SO 2008 — All rights reserved
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With radial ball bearings, the faults in bearings resulting from manufacturing need to be taken into
consideration, and a reduction factor, A, is introduced to reduce the value for a basic dynamic radial load
rating for radial ball bearings from its theoretical value. It is convenient to include A in the factor, f.. The value
of 1 is determined experimentally.

Consequently, the factor f_ is given by:

0.41 41 _
o4t 13 20 (1 )(1:59+1,41-5 82)/c=1+2) ohi2)
c 42crh-2)(e-h2) gdeleh2) 1| 2n (13 )3cl(c2) y
B o) (12)

0,41 (1,59¢+1,41h+3¢-5,82)/(c—h+2)
+41, 04 2re—W 1~y
2r - 1+y

B3gsed on References [1] and [2], the following values were assigned to the experiméental constants |n the load
rafing equations:

e=10/9
c=31/3
h=7I3

Sybstituting the numerical values into Equation (11) gives the following, however, a sufficient numper of test
results are only available for small balls, i.e. up to a diameter of about 25 mm, and these show that the load
raling may be taken as being proportional to D, 18 “Incthe case of larger baIIs the load rating gppears to
ingrease even more slowly in relation to the ball dlameter and DW4 can be assumed where D, > 28,4 mm:

Cr=f5 (i cosa)o’7 73 DJ;,S fonDy, <25,4 mm (13)

C, =3,647 f, (icos a)®7 z?/® pl# I~ for D, > 25,4 mm (14)

041
21 J r22(1-p"*
2P (14"

10/
1,72 0,41
1+41,04[ 227 | A Ze=Dw
Ty re \ 2ri—D,,

Vglues of f;in ISO 281:2007, Table 2, are calculated by substituting raceway groove radii and| reduction
fagtors given'in Table 1 into Equation (15).

f. =0,089 40,41 /1[

3 -3/10 (15)

THelvalue for 0,0894, is 98,066 5 to calculate C, in newtons.

4.2 Basic dynamic axial load rating, C,, for single row thrust ball bearings

4.21 Thrust ball bearings with contact angle « = 90°
As in 4.1, for thrust ball bearings with contact angle « = 90°:

Cy = £, (cosa)chMEh2) tan g 7(e-h-3es2)ehi2)y (2c+h-5)(c-h+2) (16)

© 1SO 2008 — All rights reserved 7


https://standardsiso.com/api/?name=5504a5fcd0d5ce3f831110e1b4c3ea0f

ISO/TR 1281-1:2008(E)

For most thrust ball bearings, the theoretical value of a basic dynamic axial load rating has to be reduced on
the basis of unequal distribution of load among the rolling elements in addition to the reduction factor, 1, which
is introduced in to radial ball bearing load ratings. This reduction factor is designated as 7.

Consequently, the factor f; is given by:

_ 041 . (1,59 +1,41h-582)/(c—h+2)
fo=a 13 4 2n (1-7) 3l(c—h+2)
o = erh-2)(c-h+2) 0,552 1 2, _p_ (14 )3l 72) r
. o +(c—he2y3]"3Neh+2) (17)
n (210 Dy A p (T59c F T2 F3e=5,82(c—1i+2)
+ —_— ——
re \ 21— Dy ( 14y j

Similarly, fo take the effect of ball size into account, substitute experimental constants e = 10/9, ¢ = 31/3, and
h =T7/3 intp Equations (16) and 17) to give:

C, =|f. (cos a)0’7tana 7283 DJ;,S for D,, <25,4mm (18)

C, =B.647 £, (cos «)®"tana z?/3 D] for D,, > 25,4 mm (19)

0,41
2 j i 9 b

2=D, (14"

10/
0,41 1,72
Al 2rg =Dy, 1-y
re \ 21 —D,, 1+y

The value|for 0,0894, is 98,066 5 to calculate C, jn'aewtons. Values of . in ISO 281:2007, Table 4, rightmpst
column, gre calculated by substituting racewaygroove radii and reduction factors given in Table 1 into
Equation (20).

fo =0,089 4 zn[

-3/10 (; 0)

4.2.2 THrust ball bearings with contact angle = 90°

As in 4.1, for thrust ball bearings-with’contact angle « = 90°:

Cy =|fe Z(c—h—3e+2)/(c—h+2) Dy, (2c+h=5)/(c—h+2) 21
0,41
_ 13 2n © O 3l(e—ht2)
Je=pn 4(2R-2)(c-h+2) § 5el(c-h+2) A [2,1 -D,, j Y X
“3/(c—h+2) (22)

. - \10,41](c—h+2)/3"
BN

in which y = D,/Dy,,.

Similarly, to take the effect of ball size into account, substitute experimental constants ¢ = 10/9, ¢ = 31/3, and
h =T7/3 into Equations (21) and (22), to give:

C,=f, z?*D}?® for D,, <254 mm (23)

8 © 1SO 2008 — All rights reserved
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C, =3647 f, 223 D}* for D, > 25,4 mm (24)
0,41 041y 10:3] %1
L) (2ro—Dy, )|
£, =0089 Ay An| —21 | 03|44 L[ Ze=DPw (25)
2r,-D,, re \ 2r,—Dy,

The value for 0,0894, is 98,066 5 to calculate C, in newtons. Values of £ in ISO 281:2007, Table 4, second
column from left, are calculated by substituting raceway groove radii and reduction factors which are given in

Tgbte—tmtoEquation(25):
4.8 Basic dynamic axial load rating, C,, for thrust ball bearings with two or more rows of
balls
Adcording to the product law of probability, relationships between the basic axial load)fating of an entire thrust
b4l bearing and of both the rotating and stationary rings are given as:
—3/(c—h+2)
C 1k :QC sina Zk
’ " (27)
Caoi = QCz sina Z;,
—3/(c—h+2)
C, = [C;(cfmz)/a + Cgéc’h*z)’ﬂ (28)
n
Ca1 = QC1 Sinazzk
k=1 (29)
n
Caz = QCZ Sinazzk
k=1
where
C,: is the basic dynamic axial load rating as a row & of an entire thrust ball bearing;
C,qy s the basic dynamic axial load rating as a row & of the rotating ring of an entire thrust ball|bearing;
C,o is the basic dynamic axial load rating as a row k of the stationary ring of an entire fhrust ball
Bearing;
4 is the basic dynamic axial load rating of an entire thrust ball bearing;
C,1 Is the basic dynamic axial load rating ot the rotating ring ot an entire thrust ball bearing;
C,o s the basic dynamic axial load rating of the stationary ring of an entire thrust ball bearing;
Z,  is the number of balls per row .
© 1SO 2008 — All rights reserved 9
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Substituting Equations (26), (27), and (29) into Equation (28), and rearranging, gives:

i ) ~(c—h+2)/3 . (e—h+2)3 73Meh+2)

" [Qq sinaZ;Zk] J{chsinaZ;Zk]

- k= =
Ca=2 % “chi2)3
k=1 n
k=1
f 2y ey T2 i)
. —(c—h+2)/3 i —(c=h+2)/3 ONC—1TTZ

\ ) ﬂ(Qqsm a Zk) +(QC2 sina Zk) J

=22 2
—(c-h+2)/3
P 7, eh+2)
- ~3/(c-h+2)

n n (o (c—h+2)/3
=Nz Lk

; ’ ;(Cak]

Substituting experimental constants ¢ = 31/3 and / = 7/3 gives:
2. \10B o, OB 103 , 103 -3/10
Ca=(Z1+Zy+Z3++Z,) [—1] J{_Z] J{ 3) +.__+[ nj 30)
a 1+42+243 n
Ca1 Ca2 Ca3 an

The load|ratings C,q, Cgp, Cgz ... Cg, for the rows withy Z,, Z,, Z5 ... Z, balls are calculated from the
appropriate single row thrust ball bearing equation in 4.2,

4.4 Basic dynamic radial load rating, C,, for-radial roller bearings

By a procgdure similar to that used to obtain Equation (10) for point contact in 4.1, but applying Equations {4)
and (5), tHe basic dynamic radial load rating.of radial roller bearings (line contact) is obtained:

1 (1_}/)(C+h—3)/(c—h+1)

C, =0,377 2/(c—h+1)
r 2(c+h—1)/(c—h+1) 0 5 26/(6’—h+1) 1 (1+7)2€/(C*h+1) x
—2/(c—h+1
1\ 2e-3)(e-he) (e-hty2) “2HemheD 1 1
104 (_1 5 ) (1 Ly cos o)W 31
—h=2eF)c—h+1 _3)/(c—h+1
Z(c h—2e+)l(c h+)D\S\tI:e+h Y(c—h+1)

where
B, is an experimentally determined proportionality constant;
¥ is
Dy COS a Dy,
in which DpW is the pitch diameter of roller set;

D, is the mean roller diameter;

we

a is the nominal contact angle;

10 © 1SO 2008 — All rights reserved
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L is the effective contact length of roller;

we

i is the number of rows of rollers;
Z is the number of rollers per row.

Here, the contact angle, a, the number of rollers, Z, the mean diameter, D,,, and the effective contact length,
Le depend on bearing design. On the other hand, y= D, cos a/D,,, is not dimensional, therefore it is
convenient in practice that the terms up to “i L,,...” on the right-hand side of Equation (31) to be designated
as a factor, f.

Cansequently,
Cp = fo (i Lyg COS a)(cfh71)/(c7h+1) 7 (e=h=2eD/(c~h+1) \(;gh73)/(c7h+1) (32)

Far the basic dynamic radial load rating for radial roller bearings, adjustments are.made to take account of
stiless concentration (e.g. edge loading) and of the use of a constant instead of a/varying life formulg exponent
(s¢e Clause 6). Adjustment for stress concentration is a reduction factor, A, and\for exponent variatipn a factor,
v. [It is convenient to include both factors — which are determined experimentally — in the factor, #|., which is
consequently given by:

1 3 (1_7)(C+h*3)/(0*h+1)
S(crh)c—h+1) g 5 2ellc=h+1) ( 2el(c )

4 (et 2e-3)(eht1)
1+]1,04 [—7j
1+y

THe Weibull slope, e, and the constants, ¢ and\/, are determined experimentally. Based on Referendes [1] and
[2] and subsequent verification tests with 'spherical, cylindrical, and tapered roller bearings, thg following
values were assigned to the experimental,constants in the rating equations:

2/(c-h+1) ,,

fe=0,377 Av
1+y)

(c—h+1)2) ~2/(e=he1) (33)

9
e:_
8
31
c=—
3
nerl
3

Substituting experimental constants e = 9/8, ¢ = 31/3, and /# = 7/3 into Equations (32) and (33),

— /9 3/4 . 29/27 34
Cr=Joc U LweCOST)  Z Dy (34)

-2/9

219 (1 ,)29027 4, 143108 912
f.=0,4838,0377 Aav L1 1qi]104| L (35)
(1)1 +r

The value for 0,483B4 is 551,133 73 to calculate C, in newtons. Values of £ in ISO 281:2007, Table 7, are
calculated by substituting the reduction factor given in Table 2 into Equation (35).

© 1SO 2008 — All rights reserved 11
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4.5 Basic dynamic axial load rating, C,, for single row thrust roller bearings
4.5.1 Thrust roller bearings with contact « = 90°
Extension of 4.1 gives:
Co = fs (Lo COS o)\ We=h) o o 7le=h=2e41)(e=h+1) D\(;;rh73)/(c7h+1) (36)
For thrust roller bearings, the theoretical value of a basic dynamic axial load rating has to be reduced on the

b 1 f L cliateil, 4 £ 1 <l o ITH ] £ H AP HH % +l <l ' £ e o] | H
asls O U |C\4ual UTouivulivurt Ul 1udu arrivl IH ure IUIIIIIH CICITTTCTIIO T AdUUTLIVIT TU 1T TCUUUUUTT TAUlUT, 71, VWITTuI Is

introduced in radial roller bearing load ratings. This reduction factor is designated as 7.

Consequgntly, the factor f; is given by:

f by 1 3 (1_}/)(C+h*3)/(0*h+1) 2/(c—h+1) 5
c - d o(cth=-Dc=h+1) o g2el(c~h+1) 1 A+ }/)Ze/(cfh#l)
—2/(c—h+1 ]
1\ (erhi2e-3)(e—hs) (e=hty2) 2HeD (37)
1+ [—7 ]
1+y
Substituting experimental constants e = 9/8, ¢ = 31/3, and 2 =7/3,
C, =|f¢ (Lye COS a)® tan o Z3/4D\f,2/27 (38)
-2/9
219 (1_ 29027 41—, 1431108 ¥/
fo=0483B, Avp Ll "0 || L (39)
()™ 1y

The valug for 0,483B, is 551,133 73 to calculate C, in newtons. Values for £ in ISO 281:2007, Table 10,
second cdlumn from left, are calculated by substituting reduction factors given in Table 2 into Equation (39).

4.5.2 THrust roller bearings with ¢ontact angle « = 90°
Extension|of 4.1 gives:

Cy =1, LWty ZRh-2eD(e=s1) pexh-3V(e-ht) 40)

_ 1 2/(c—h+1) o-2/(c—h+1)
fe=fvn S (e ) ) g 2el(c i) Byy 2 (41)

Substituting experimental constants e =9/8, ¢ =31/3and 4 =7/3

Ca =/ Live 2% DG (42)
fo=041By Avny y?° (43)

The value for 0,418, is 472,453 88 to calculate C, in newtons. Values of /. in ISO 281:2007, Table 10, second
column from left, are calculated by substituting reduction factors given in Table 2 into Equation (43).
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4.6 Basic dynamic axial load rating, C,, for thrust roller bearings with two or more rows
of rollers

According to the product law of probability, relationships between the basic dynamic axial load rating of an
entire thrust roller bearing and of both the rotating and stationary rings are given as follows:

—2/(c—h+1)
(‘u4”1‘ :OCI Sinfl 7’1L ["U’l‘ 1
. (45)
Cazk =Qc, SiNa Zj Lyey
—2/(c—h+1)
C,= [Caf1(c7h+1)/2 + C;éc’h”)/z] (46)
n
Ca1=0c, SiNaY Zi Lyek
k=1 (47)

n
Caz = QCZ Sinazzk Lwek
k=1

C,: is the basic dynamic axial load rating as a row k& of an’ entire thrust roller bearing;
C,q; is the basic dynamic axial load rating as a row k0f the rotating ring of an entire thrust rollgr bearing;

C,or is the basic dynamic axial load rating as“a row k of the stationary ring of an entire thrust roller
bearing;

a is the basic dynamic axial load rating of an entire thrust roller bearing;
C,q is the basic dynamic axial load rating of the rotating ring of an entire thrust roller bearing;
C,o is the basic dynamic axial [oad rating of the stationary ring of an entire thrust roller bearing;

Z,  is the number of rollers per row k.

© IS0 2008 — Al rights reserved 13
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Substituting Equations (44), (45), and (47) into Equation (46), and rearranging, gives:

Cy =

r . —(e=h+1)/2 . (e—h+1y2 |2l e=h+1)
" (QC»] Sin aZZk Lwek] +(QC2 Sin aZZk Lwek}
k=1 k=1
D Zk Luek —(c-h+2)I3
k=1 n
ZZkLwek
i k=1 i
n
Al
2% Lwek
=1
c—hay2 |2t

. —(c—h+1)I2 . —(c=h+1)12 —2/(c—h+1) .
(Qc1 sina ZkLwek) +(QC2 sina Z Lwek)

(c—ht1)2

M:

ZkLwek

=
Il
-

](c—h+1)/2 —2/(c=h+1)

n n
ZiLwek
> 24 Lt 3 2L
=1 k=1 ak

Substituting experimental constants ¢ = 31/3 and 4 = 7/3,
Ca=\Z1Lwe1*+Z2 Lwep +Z3 Lye3 +-+Z, Lwen)x
9/2 9/2 9/2 9/277%° 48)
Z1Lwe1] J{Zszezj +[Z3Lwe3j +W+[ZanenJ
Can Ca2 Cas Can
The load ratings, Caq, Cap, Ca3 ... Gy, for thejrows with Zy, 7, Z3... Z, rollers of lengths Lyeq, Lyko,
Lyes --- L|e, are calculated from the appropriate single row thrust roller bearing equation in 4.2.
Table 1 — Raceway,groove radius and reduction factor for ball bearings
Table No. in Bearing type Raceway groove radius Reduction factor
ISO 2812007 " o 2 n
Single row-radial contact
groovesball bearings
Single-and double row 0,52 D,, 0,95 —
angular contact groove ball
bearings
Double row radial contact
0,52 D _
2 groove ball bearings v 0,90
Single and double row self- 053D 1 .
aligning ball bearings ’ w 0.5 7 +1)Dw 1
Single row radial contact
separable ball bearings 0,52 D, © 0,95 —
(magneto bearings)
4 Thrust ball bearings 0,535 D, 0,90 1- 3'2 @

NOTE Values of £ in ISO 281:2007, Tables 2 and 4, are calculated by substituting raceway groove radii and reduction factors in
this table into Equations (15), (20), and (25), respectively.

14
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Table 2 — Reduction factor for roller bearings

Table No. Bearing type

Reduction factor

in ISO 281:2007 v n
7 Radial roller bearings 0,83 —
10 Thrust roller bearings 0,73 1-0,15sina

NOTE Values of £, in ISO 281:2007, Tables 7 and 10, are calculated by substituting reduction factors in
this table into Equations (35), (39), and (51), respectively.

5| Dynamic equivalent load

5.1 Expressions for dynamic equivalent load

5.1.1 Theoretical dynamic equivalent radial load, P,, for single row radial bearings

If {he indices 1 and 2 are assigned to the ring which rotates relative to the direction of load and the|stationary
ring respectively, then the mean values of the rolling element loads which (are' decisive for a single [row radial

bearing ring's life are given by:

Fo Jy Fa  Jg

QC1:QmaXJ1:ZCOSaJ_r_ZsinaZ (49)
Ocy =COmax /2 :Zc];rsaj_f: Z:i?]aj_z
where
Omax 18 the maximum rolling element load;
J4 is the factor relating O t0- @iy
Jo is the factor relating O 10 Opyay;
F, is the radial load;
Fy is the axia)load,;
J, is thesradial load integral;
Ja is'the axial load integral;
Z is the number of rolling elements;
o4 is the nominal cantact angle
Radial and axial load integrals are given by:
1 (ool 1 ’
J; :Jr(g):z by {1—2(1—008 (p):| cospde
1 preof, 1 ! o
Ja=J4(¢) =5 oy [1—5(1—008 ¢7)} do
© 1SO 2008 — All rights reserved 15
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where
t is 3/2 for point contact;
t is 1,1 for line contact;
@, is one half of the loaded arc;
¢ is a parameter indicating the width of the loaded zone in the bearing.

Introducing the notation

p 1/s
J(t;s ={ ! j+“’°{1-2i(1-c03¢)} dqo} (51)
&

2_7'5 —Po
J1 =J1(8)=J(§; 3); Jo :J2(£)=J(5; %)
J1= ’1(8)=J(%;4];J2 =J2(5):J(5; %]

for point and line contact respectively.

If P4 and |P,, are the dynamic equivalent radial loads for the respectiveyrings, then with radial displacement| of
the rings (¢ =0,5)

Py J4(0,5) Py J5(0,5) ,
Oc, 35— 0, = (33)
Zcosa J.(0,5) Zcosa J.(0,5)
where the|values J; (0,5), J5 (0,5) and J, (0,5) are giveniin-Table 3.
From Equptions (49), (53) and
w w w
1 () | fh2
C, Cq Cy
is obtained
r w w 1w
i [& J¢(0:5) ﬁ] {& J¢(0.5) J_z]
Fo [\ Cr 408) . ) | Co J5(05) J;
- » W (%4)
L R N G I J:(0,5)
Fa cot o C1 J—](O,S) C2 J2(0,5) Ja

where

is the basic dynamic radial load rating;

C, s the basic dynamic radial load rating of a rotating ring;
C, is the basic dynamic radial load rating of a stationary ring;

w is equal to pe, where p is the exponent on life formula and e is the Weibull slope.
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Table 3 — Values of J(0,5), J,(0,5), J4(0,5), J5(0,5) and w

Point contact Line contact Point and line contact
Quantity Single Double Single Double Single Double
row bearing row bearing row bearing
J(0,5) 0,228 8 0,457 7 0,245 3 0,490 6 0,236 9 0,473 9
J,(0,5) 0,278 2 0 0,309 0 0 0,293 2 0
J4(0,5) 0,562 5 0,692 5 0,649 5 0,757 7 0,604 4 0,724 4
J»(0,5) 0,587 5 0,723 3 0,674 4 0,786 7 0,629 5 (4,754 3
J(0,5)/7,(0,5) 0,822 — 0,794 — 0,808 —
J(0,5)/7,(0,5) 0,407 0,661 0,378 0,648 0,392 0,654
J(0,5)/J,5(0,5) 0,389 0,633 0,364 0,623 0(376 0,628
/5(0,5)/7,(0,5) 1,044 1,038 1,041
J+(0,5) 0,398 0,647
:W (~0,40) (~0,65) 0,371 0,635 0,384 0,641
y 10 9 180
3 2 47
21=(1/w) 1,625 1714 1,669

Fgr radial displacement of the bearing rings (¢ = 0,5)@nd fixed outer ring load (C, = C,, basic dyrlamic load
rafing for inner ring; C, = C,, basic dynamic load rating-for outer ring) from Equation (54) is found

 =F, = /:(0.5) F, cot a = 0,822 F, cota
Ja(0,5)
J:(0,5 (53)
P =F :MFa cota =0,794'F, cot «
Ja(0,5)
for point and line contact respgctively.
Fgre = 0,5 and fixed innérring load (Cy = V;Cq; Co = Gi/V5), is found
B =ViF, (56)

where 7; is the(rotation factor.

THe factor V; varies between 1 + 0,044 and 1 = 0,038 for point and line contact respectively. In 1ISO[281:2007,
the rotation factor /s has been deleted.

NOTE The value of 1,2 for the rotation factor V; was given in ISO/R281 for radial bearings, except self-aligning ball
bearings, as safety factor.

For axial displacement of the bearing rings (e = ) and fixed outer ring load (C; = G;, C, = Cy),

R =YF,
: 7
Y = f Gi Ji(0.9) cota (57)
Ce J4(0,5)
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https://standardsiso.com/api/?name=5504a5fcd0d5ce3f831110e1b4c3ea0f

ISO/TR 1281-1:2008(E)

The factor f1(C/C,) varies between 1 and 1/V;= J4(0,5)/J5(0,5). Introducing as a good approximation the
geometric mean value 1/\/ﬁ between these two values (see Table 3),

Y= J¢(0.9) cot a (58)

/1(0,5) 72(0,5)

For non-self-aligning bearings, consideration has to be given to the effect of the manufacturing precision on
the factor, Y.

The value of Y given in Fquation (58) is carrected by the reduction factor »

}7
Yi=1 (29)
7
For combined loads, Equation (54) gives related values of F, /P, and F, cot a/P, corresponding to the curves
given in Flgure 1 for the limiting cases C4/C, ~ 0 and C,/C4 ~ 0.
The pointg A represent ¢ = 0,5, i.e. radial displacement of the bearing rings. For these points,
Fy=[22 F tana
(60)
Fy=,26 F, tan«
for point and line contact, respectively.
Q [ Q- A
w12 w12
1,0 A/ RN 1,0 A,/‘\
’ / ’ /
/ \/02/6‘1%0 4 \’02/01z0
0,8 / 0,8 / N
’ / ’ /
/01/czz0/'\ / c1/02z0/‘\
0,6 v 06 /
/ \\ /
0,4 /,/ 0,4 /,/
/ \ / \
0,2 i+ 0,2 -+
/ /
0,0 > 0,0
0,0 (0] 2,0 3,0 0,0 1,0 20 3,0
Facotoa /P Facota /P
a) Point contact b) Line contact
Key
A points A
C, basic dynamic radial load rating of a rotating ring
G, basic dynamic radial load rating of a stationary ring
F, axial load
F, radial load
P, dynamic equivalent radial load for radial bearing
o nominal contact angle

Figure 1 — Dynamic equivalent radial load, P, for single row radial bearings with constant contact
angle, o
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5.1.2 Theoretical dynamic equivalent radial load, P, for double row radial bearings

For double row radial bearings, the indices | and Il are assigned to the respective rows. The determining
factors for life of the rotating and stationary rings are the mean values

Oc, =71 Omaxi
Cq max (61)
QC2 =J2 Omaxli
where
w 1w
Jy=]J4 (5|)W+[Qmaxnj J (en)”
max|
w 1w (62)
- w , | Omaxit w
Jo=|Ja ()" + Jo (&)
max|
Far a bearing without internal clearances,
g+e =1 forg <1 (63)
g = 0 for &) >1

If the values of J,, J,, J4 and J, for double row bearings ‘are introduced, then the equivalent bearing load is
obtained from Equation (54), as for single row bearings<./,(0,5), J,(0,5), J4(0,5) are here the values valid for
&+ g, =0,5 (see Table 3).

The bent curves given in Figure 2 are found forthe limiting cases C4/C, ~ 0 and C,/C4 = 0.

Bqth rows are loaded if g < 1, i.e. if

F, <167 F, tan«
(64)

F,<191F, tana

for point and line contact, respectively.

Only one row is leaded if F, is greater than that value. In that case, the life for double row bearings can be
calculated fromcthetheory of single row bearings as well as from the theory of double row bearings.

If P, is the\equivalent radial load for the loaded row considered as a single row bearing and| P, is the
equivalentload for the double row bearing,

P (v A VAURY
o —— m— L ALY (65)
By G

Figures 1 and 2 are calculated on the assumption of a constant contact angle. Figures 1 a) and 2 a) are also
approximately applicable to angular contact groove ball bearings, if cot « is determined from Equation (66):

3/2 3/2 F
COS% 4| sina'=|—=c a (66)
cosa’ (2r/Dy, ) -1 Z D2
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where

¢, is a compression constant, which depends on the modulus of elasticity and the conformity 2+/D,,;

r is a cross-sectional raceway groove radius;

D,, is the ball diameter.

= A N
w20 T 20
1,8 1,8
16 16 >N
N C,/ Cy=0
1,4 C,/ Cy=0 1,4 \
1,2 |=Cy/ Cy=0 \ 1.2 = Ci1Cy~0 —N
]

1,0 - A 1,0 - x
% \ L/ \
/] //
0,8 4 \ 0,8 /
/ \ /. \
0,6 7 \\ 0,6 // \
04—/ 04 |—~

’ \ / \
02 |-~ 02 |

/ \ / 1\
0,0 B 00
0,0 1,0 2,0 3,0 0,0 1,0 2,0 3,0
Facota /P,y Facotoa /Py
a) Point contact b) Line contact
Key
A points A
C, basic dynamic radial load rating-ef\a rotating ring
C, basic dynamic radial load ratingof a stationary ring
F, axial load
F, radial load
P, dynamic equivalent-radial load for the loaded row considered as a single row bearing
o nominal contagbangle

Figure 2 — Dynamic equivalent radial load, P, for double row bearings with constant contact angle, «
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5.1.3 Theoretical dynamic equivalent radial load, P, for radial contact groove ball bearings

Figure 3 is applicable to radial contact groove ball bearings. The curve AC has been determined from
Equation (54) and the approximate equation

3/8 3/8 1/4
tana’ ~ {L} [1 —i) Lz (67)
(2r/Dy,)-1 2¢ JaiZ Dy,

and gives the functional relationship between F./P, and F, cot 4'/P, where o' is the contact angle calculated
frgm Equation (68) (Reference [1])

3/8 1/4
tan o' z{ 2 } Fa 5 (68)
(2r/Dy, )1 i Z D,

Equation (68) is obtained from Equation (67) for a centric axial load F; = F, =0, ie. s=cand J, = 1.

A

C1/sz0

\
\
Ll

0,0 1,0 2,0 C 3,0
Facota'l P
Keay
A | pointA
C| pointC
C,| basic dgnamic radial load rating of a rotating ring
C,| basic dynamic radial load rating of a stationary ring
F,| ,axialload
F —radiaHoad
P, dynamic equivalent radial load for radial bearing

contact angle calculated from Equation (68)

S

Figure 3 — Dynamic equivalent radial load, P,, for radial contact groove ball bearings
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5.1.4 Practical expressions for dynamic equivalent radial load, P, for radial bearings with constant
contact angle

From a practical standpoint, it is preferable to replace the theoretical curves in Figures 1 and 2 by broken lines
A,BC for single row bearings and ABC for double row bearings, as in Figure 4.

Q- A

~ 1A

w §0 \

A B
= 1 ’O 1 .
- Qo/
Q- N
«fk/
4
«/
//
- C
Y00 o
0,0 ¢ a
B cota /Y, o
Facota /P,
Key
A, A, B, C| points
a intercept of line BC on abscissa (x-co-ordinateyof point C)
b intercept of line AB on ordinate (y-co-ordiate of point A)
F, axial load
F, radial load
P, dynamic equivalent radial load:for radial bearing, row |
Y| axial load factor for radial bearing, row |
a nominal contact angle
value of F, cot a/P;‘atithe x-co-ordinate of point B
Figurg 4 — Dynamic equivalent radial load, P, for radial bearings with constant contact angle, «
The equatjion for the straight line A{B in Figure 4 is
I _}
Fy

Therefore, for F,/F, < £ tan o, we have
Pl'l = FI' (69)
and the straight line passing through the points B (&, 1) and C (a, 0) is given by

(F/P)-1 1
(Fa cotalPy)-¢  a—¢
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From this equation, for F,/F, > ¢ tan a, it follows that

1
Py :(1—£)Fr+—cotaFa =X1F+1 Fy
a a
where
X1 :1—é:1—§ Y1 tana
a

Therefore, from Equation (59)
J(05) ¢
J1(0,5) J2(0,5) 7
_ Jr(0,5)cot 1
' [71(0,5)75(0,5) 7

X 4
11—I

FQgr the double row bearings, the equation for the straight line AB is

(Fy/Py)-b _1-b
FycotalPy &

Frpm this,

Fy [b—1] F, cota
b

Pi=—+
rl b &

THerefore, for F,/F, < £tan q, it follows that

p =2 p R +[21‘(1’W) —1} % Fo 2%, F+v3 F,

where

1-(1/w) 1
X3:1;Y3:[2 —1}—cota
4
Fyrther, from Equation (70), which represents straight line BC, we find for F,/F, > ¢ tan a

p=2"mp G0 x.F 12"y, F. =X, F.+Y, F,
where
X, = o -1 Xy Y= o 1-(1hv) Y,

Integrating*the above, Table 4 shows expressions of dynamic equivalent radial load, P,, and of facto
for radial bearings with constant contact angle, a.

2008(E)

(70)

(71)

(72)

rs X and 7,

© 1SO 2008 — All rights reserved
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Table 4 — Expressions for dynamic equivalent radial load, P, and factors X and Y for radial bearings
with constant contact angle, «

Single row bearings

Double row bearings

Expressions

P =F

PI’ =X3 Fr+Y3 Fa

B=X1 F+Yy Fy

PI':XZ Fr+Y2 Fa

R4dial load factor, X

Axjal load factor, Y

B J:(0,5) I
J4(0,5) J»(0,5) n
J(0,5)coter 1

N7 0105)7208) 7 s

A2 _To _51-()

X1 Y
X3=1

- %[2”1’“ - 1Jcot P

Life scatter measure, e

e=¢tana

5.1.5 Prhactical expressions for dynamic equivalent radial load, P,, for radial ball bearings

Generally

given by Bquation (66).

Therefore| according to Table 3,

X1 =1—0,4£; Y»]:%COt(Z’
n n
X2 =1,625X1, Y2 =1,625Y1
X3 =[1; Y3 = 0,625 cota’

the contact angle of radial ball bearings varies with the load, but;Table 4 can be approximate
applicable] to angular contact groove ball bearings, if « is replaced by contact angle «' under the axial load |F,

y

24
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For single row and double row radial contact groove ball bearings, the theoretical curve in Figure 3 is replaced
by the broken line A;BC in Figure 5.

a. A

< A, B

w1,0

&/
N,
g/
1[k d
A
v/
«/
’ C
0,0 =
0,0 g a
Fa cot a L \Pr

Keay
A,l B,C points
a intercept of line BC on abscissa (x-co-ordinate of point C)
F, axial load
F, radial load
P, dynamic equivalent radial load for radial bearing
a' contact angle calculated from Equation (68)
¢ value of F, cot a/P, at point B (and its x-co-ordinate)

Figure 5 — Dynamic equivalent'radial load, P,, for radial contact groove ball bearings

Far this type of bearing,

Xy=Xp=1-04%
n

Y=Y, =04 °°:7“ (74)

X3 :1, Y3=0

Far self-aligning ball bearings, the contact angle can be considered as independent of the load (¢'|= «); also
n canbe/assumed to be unity.

5.1.6 Practical expressions for dynamic equivalent axial load, P,, for thrust bearings

The radial and axial load factors, X, and Y, for single and double direction bearings with = 90° are obtained
on the basis of the expressions for dynamic equivalent radial load, P,, for single row and double row radial
bearings, respectively.

That is, for single direction bearings, when F/F, > ¢ tan a

Yy Py =P =Xq F,+Y, F,
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So

X4
P, :T1Fr+Fa =Xg1 F, +Ya1 Fy

where

Xa1=

X
— V=1
Y4 al

(79)

and for double direction bearings. when F_/F, > ¢ tan a.

Further, W
Y2 Pa

therefore

Integrating

2

Xy
2

1 12 =

2 2
X3, Y3
‘Y—,Yaa =7
2 2

:Pr:X3 Fr+Y3 Fa

¥
T2 R+ Fa=Xag F+Yap F

hen F,/F, < £tan a, approximately

—(—3F+Y—3F =X_a F.+Y,q F.
rYa— a3 I'r a3 f'a

and factors X and Y.
Table 5 4 Expressions for dynamic_equivalent axial load, P,, and factors X, and Y, for thrust bearings
Single direction bearings | Double direction bearings
2 <e — Py =Xa3 Fy +Ya3 Fy
i
Expressions
—2>e Pa=Xa1 Fr +Ya1 Fy Pa=Xap Fr +Yg2 Fa

the above, Table 5 shows expressions for dynamic equivalent axial load, P,, for thrust bearings

X
XNap = " z

13

. v X Yoo =1

Radial load factor, X al=7, X
Axial load factor, Y, 1 Xog =22
Yaq=1 Yy

T3

Y3 =—2>

a3 Y2

Life scatter measure, e

e=¢(tana
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5.2 Factors X, Y,ande
5.2.1 Radial ball bearings

5.21.1 Values of &

For single row radial contact groove ball bearings, Reference [1] gives a value of £= 1,2 based on the results
of tests, and for other bearings £= 1,5 which are close to the theoretical curves. However, based on later tests,
ISO/R281 took values of &= 1,05 for radial contact groove ball bearings and single row angular contact
groove types with o= 5°; £= 1,25 for other angular contact groove types; and &= 1.5 for self-aligning types
(Reference [3]).

5.21.2 Values of 7

THe reduction factor, 7, depends on the contact angle, ¢, and is given by
n=1-ksina (78)
Bgsed on experience and preliminary tests, Reference [1] gives k = 0,4 and Reference [2] k= 0,15 fo 0,33. In
ISP/R281, k=0,4 (= 1/2,5) was used for radial contact groove bearings.{a = 5°) and angular contact groove
bdarings with o= 5°, 10° and 15° and k= (1/2,75) is used for angular-c¢ontact groove bearings with (¢ = 20° to

45° (Reference [3]).

NQTE ISO/R281 did not include factors for bearings with &= 45°. Factors for this angle are dpecified in
ISP 281:2007.

5.2.1.3 Values of contact angle o’
Fdr radial contact groove ball bearings as well as@angular contact groove bearings with nominal corjtact angle
a Kk 15°, the real contact angle varies considerably with the load. Consequently, ISO 281:2007, Tabje 3, gives
allffactors as functions of the relative axial |oad.

The values of contact angle, o', under an axial load, F,, can be calculated from

. N\312 3/2
C0S5" 4| sina’= ¢ "a (79)
cos o' (2rIDy,) — 1 i 7 szv

for radial contact groove ball bearings (considering them as angular contact groove bearings with ja nominal
contact angle, «< '5°), and from Equation (66) for angular contact groove bearings with a nominal contact
angle, a.

Fgr 2r/D3=1,035, ¢ = 0,000 438 71 is given, with units in newtons and millimetres.

T4ble6 shows the values of contact angle o' calculated from Equations (66) and (79) for 2r/D,, = 1,435.

For angular contact groove ball bearings with « > 20°, the influence of the axial load on the contact angle is
comparatively small and therefore ISO 281:2007, Table 5, has only one set of X, Y, and e factors for each «.
With regard to the calculation rules applied to these bearings, see 5.2.2.3.
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Table 6 — Values of contact angle «’' for radial and angular contact groove ball bearings

(a=5°,10° and 15°)

Fa/ZDVZ\,a a=5° a=10° a=15°

Ibf/in2 MPaP a'
25 0,172 37 10,230° 12,953° 16,781°
50 0,344 74 11,811° 14,177° 17,652°
100 0,689 48 13,734° 15,768° 18,866°
150 1,034 21 15,037° 16,893° 19,767°
200 1,378 95 16,048° 17,786° 20,503°
300 2,068 4 17,607° 19,187° 21,688°
500 3,447 4 19,809° 21,207° 23,488°
750 5,171 1 21,761° 23,028° 25,075°
1 000 6,894 8 23,263° 24,444° 26,360°

1 MPa = 1 N/mm?

For radial contact groove bearings F,/i Z D2

5.2.2 Vadlues of X, Y, and ¢ for each type of radial ball bearing

Integrating

5.2.21

The calcu
relationsh
calculated
e value of

= Y2

0,4 x1,05

o =
_ O4cota’
~1-0,4sin5
1,05 tan o'

" 1-0,4sin5°

_—0,414 45 cot ¢’

Radial contact groove ball bearings

=0,564 8 ~ 0,56

the above, methods of calculating values of X, Y, andz are as follows (see Tables 10 and 11).

ated Y, value of 0,964 1)< 0,96 for F,/i Z D2 = 6,89 MPa is adjusted to 1,00 in consideration of
p with the value of ¥, for angular contact groove type with > 20° (see Figure 6); namely,

contact angle,.o-0f 23,262° is adjusted to 22,512° (o' = tan~1 0,414 45). Therefore, the calcula
0,451 42 ~ 045-becomes 0,435 2 ~ 0,44 [e = 1,05 tan 22,512° or 0,4 X 1,05/(1 — 0,4 sin 5°)].

:
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5.2.2.2 Angular contact groove ball bearings with « < 15°

For single row bearings with a = 5°, the values of X3, Y;, and e are the same as those for the radial contact
groove type above.

For double row bearings with o= 5°

X, =1625%x048=0,78

because
 =1- 08125 46194048
1-0,4sin5°
Y, =1,625 Y,
where
= _04cota’ 444445 cot e
1-0,4sin5°
- 0,625 cot o ~0.,5cota’
1,25
e=125tan o’

Fgr Fa/ZDVZV = 6,89 MPa, the contact angle, o', of 22,512*\s"used. Therefore,

Y, =1625 x1=1625 ~ 163
Y3 =0,5 cot 22512°

or
Y3 =15625(1-0,4 sin5°) = 1206 4 ~ 1,21
and
e=125tan22,512°
or

o= OAXI2S 5484052
1-0.4 sin 5°
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Y,

ball diameter

axial load

number of rows of balls orfollers

axia| load factor

number of balls or relters per row

nomninal contact'angle

a8  Calculajed values;

b Adjustef yalues.

1,03
1,2
1,38
3,45 o\ o
1’1 \ 2,07
10 .
.
6,89 ln\i \E
\\
N,
09 e
0)8 \
0J7 .\\‘
0)6 l\\
05
0° 5° 10° 15° 20° 25° 30° 35° 40° 45° a

¢ Values givcll - FE4-N36-

4 Include factor i for radial contact groove bearings.

30

Figure 6 — Adjustment of Y, values for radial and angular contact groove ball bearings
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For bearings with = 10° and o= 15°,

B 0,4 x1,25
1-04 sina

| =
X, =1625 X,

_ O4cota
' 1 04sing

Y, =1625 Y,

Y3 = 0625 cota’'=0,5cot o'
1,25

e=125tan o’

Namely, for «=10°, X,=0,4627~0,46, Y,=0,42986cot o', and-for a=15° X, =0,44]
Y4|= 0,446 19 cot o'

Fgr the above-stated reason, in the case of the calculated valueyof/Y; being less than 1, ¥; has to be
to[1,00 (see Figure 6). Therefore, we have for F,/i Z D\f, =6,89'MPa

Y>,=1,625 = 1,63

Y3=0,5 cot 23,261°

or
Y3=1,25(1-0,4sin10°)=1,632 2-=1,16
and
e=1,25tan 23,261°
or

0,4x1,25

e=——"2=-=0,537 3~0,54
1-0,4 sin10°)

and also for£%/ZD2 =5,17 MPaand F,/ZD2 = 6,89 MPa
Y, =1:625 x 1= 1,625~ 1,63

:2008(E)

Y 3 ~ 0,44,

set equal

Y4 = 0,5 cot 24,046°

or
Y3=1,25(1-0,4sin 15°)=1,1206 ~ 1,12
and
e =1,25tan 24,046°
or

0,4 x1,25

e=———— " =0,5777 ~0,56
1-0,4 sin 15°)
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5.2.2.3 Angular contact groove ball bearings with «=20° to o =45°

0,4x1,25
Xi=1- :
1-(1/2,75)sin
See Table 7.
X5 =1,625 X4
Table 7 — Values of X for bearings with a=20" to o= 45"
a X,
20° 0,4290~0,43
25° 0,4092~0,41
30° 0,3889~0,39
35° 0,368 2~ 0,37
40° 0,347 5~0,35
45° 0,326 9~ 0,33
For valugs of Y;, in principle, the values in Table 8, taken{ from document ISO/TC 4 NB6
(=TC4 Np6 =TC 4 N110), are used (see Note), where the first,and second values are adjusted, [in
consideration of the relationship with the values of ¥, for o < 15° (see, Figure 6).
Table 8 — Values.of7,
a Y,
20° 1,04 adjusted to 1,00
25° 0,89 adjusted to 0,87
30° 0,76
35° 0,66
40° 0,57
(45°) (0,50)
Then valups of Y5, e, and Y;.are-calculated from Equations (80) which are obtained from Equations (73):
Y, =16257,
1+ X
Yy
D 625
Y3 =
e
NOTE The values of Y, are obtained from Equation (81):
Y 04 ot o 04 ——cota’ (81)
n 1-(1/3) sina’

where the values of contact angle «' are determined by the equation

cosa’=cosa 0,972 402
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