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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 International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The procg¢dures used to develop this document and those intended for its further maintenance.:
described|in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed-for {
different fypes of ISO documents should be noted. This document was drafted in accordance with {
editorial fules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention|is drawn to the possibility that some of the elements of this document may.be the subject
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ts. ISO shall not be held responsible for identifying any or all such patént rights. Details

list of patent declarations received (see www.iso.org/patents).

name used in this document is information given for the convénience of users and does 1}
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planation of the voluntary nature of standards, the 4¢ieaning of ISO specific terms a
hs related to conformity assessment, as well as ihformation about ISO's adherence
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This document was prepared by Technical CommitteeISO/TC 4, Rolling bearings, Subcommittee S

Load ratings and life.

This secopd edition cancels and replaces the firstedition (ISO 10657:1991), which has been technica

revised.

The main|changes compared to the previous edition are as follows:

— New gubclause 0.4 and 0.5 inclGded with explanations concerning the 2006 edition of ISO 76:20
and I$0 76/Amd.1:2017;

— Inclugion of Clause 3 forsymbols;

— Table|16 and Table.}8 amended according to additional values in ISO 76:2006 (values of X, and Y,
contaft angles 52and 10° of angular contact ball bearings).

Any feedback or«guestions on this document should be directed to the user’s national standards body.

complete |isting’of these bodies can be found at www.iso.org/members.html.
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Introduction

0.1 ISO/R 76:1958

ISO/R 76, Ball and Roller Bearings — Methods of Evaluating Static Load Ratings, was drawn up by
Technical Committee [SO/TC 4, Ball and Roller Bearings.

ISO/R 76 was based on the studies of A. Palmgren et all2l.3], The basic static load ratings were defined
to correspond to a total permanent deformation of rolling element and raceway at the most heavily
stressed rolling element/raceway contact of 0,000 1 of the rolling element diameter. Then the standard
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ues confined to the basic static load ratings for special inner design rolling bearings werne |

/R 76:1958 was approved by 28 (out of a total of 38) member bodies and was thensubmit
Council, which decided, in December 1958, to accept it as an ISO Recommendation.

ISO 76:1978

/TC 4 decided to include the revision of ISO/R 76 in its programme,6f-work and 1SO/’
retariat was requested to prepare a draft proposal. As a result, the'secretariat submitt
pposall3] in January 1976.

e draft proposal was accepted by 6 of the 8 members of ISO/TG4/SC 8. Of the remaining {
pferred further study and USA, its counter proposal, documént ISO/TC 4/SC 8 N 64[4], The
bn submitted to the ISO Central Secretariat. After the draft/had been approved by the IS
ies, the ISO Council decided in June 1978 to accept it as an International Standard.

76:1978 adopted the SI unit newton and was revised in total, but without essential g
pstance. However, values of X, and Y}, for the nomiinal contact angles 15° and 45° for angul

groove ball bearings were added to the table to calculate the static equivalent radial loads of
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hrings (see 1SO 76:1978, Table 2).
b 1SO 76:1987

ring the revision of ISO/R 76:1958,-USA had in 1975 submitted a counter proposall4l foq
tic load ratings based on a calculated contact stress.

e secretariat requested a yate on the revision of the static load ratings based on a contact s
January 1978 and afterward circulated the voted results in June 1978, and the item No. g
rk had become No. 157 of the programme of work of TC 4.

/TC 4/SC 8, considering the proposals made in the documents TC 4/SC 8 N 75[2] and TC 1
well as the camments made by TC 4 members and that several SC 8 members express
updating I1SO-76, agreed to continue its study taking into account the possibility of us
'manent.deformation or stress level as a basis for static load ratings, and ISO/TC 4/SC 8
secretaridt to prepare a new draft. The new draft was intended to be prepared with the
1 formulae of the document TC 4/SC 8 N 75, and to include levels of contact stress for varid
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nient contact stated to be generally corresponding to a permanent deformation of 0,00

D 1 of the
y contact.

For roller bearings a stress level of 4 000 MPa was agreed and then ISO/TC 4/SC 8 agreed, by a majority
vote, that static load ratings should correspond to calculated contact stresses of

4 000 MPa for roller bearings,
4 600 MPa for self-aligning ball bearings, and

4 200 MPa for all other ball bearings to which the standard applies.

For these calculated contact stresses, a total permanent deformation occurs at the centre of the most
heavily stressed rolling element/raceway contact, and its deformation is approximately 0,000 1 of the
rolling element diameter.
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SO 2021 - All rights reserved


https://standardsiso.com/api/?name=374d9f5a836c3c0ff7f83636121f5683

ISO/TR 10657:2021(E)

ISO 76 was submitted to the ISO Central Secretariat in 1985, and after it had been approved by the
ISO members, the ISO Council decided in February 1987 to accept it as an International Standard.

Furthermore, ISO/TC 4/SC 8 decided that supplementary background information, regarding the
derivation of formulae and factors given in ISO 76, should be published as a Technical Report. This
Technical report was published as ISO/TR 10657:1991.

An Amendment to ISO 76:1987 that explains the discontinuities in load ratings between radial- and
axial bearings was published as ISO 76:1987/Amd.1:1999.

0.4 1SO 76:2006

A systemgtic review of [SO 76:1987 was agreed in 2003, based on the prior held balloting proc€ss a
documents TC 4/SC 8 N 233 and N 235.

ISO 76:2006 includes editorial adaptations and updates as well as an extension by thévstatic safi
factor S,. Furthermore, ISO 76:1987/Amd.1:1999 was integrated and became the informative Anne;
“Discontirfuities in the calculation of basic static load ratings”.

0.5

ISO 76:20
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6:2006/Amd.1:2017
)6/Amd.1:2017 includes the following items:

s for the factors f;, X, and Y, taken from draft ONORM M 6320,tobe included in an informat

)

lae for the calculation of the load rating factor f;, from\ISO/TR 10657 to be introduced in {
htive part of the standard;

bles for the load rating factor f, will stay in the-normative part of the standard, howeve
hce will be introduced stating that the results-obtained from formulae are preferred.
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Explanatory notes on ISO 76

1 Scope

This document specifies supplementary background information regarding the derivation of formulae
and factors given in ISO 76:2006.

2 | Normative references

Thlere are no normative references in this document.

3 | Terms, definitions and symbols

3.1

No| terms and definitions are listed in this document.

Terms and definitions

ISQ and IEC maintain terminology databases for use in standardization at the following addre¢sses:

—| ISO Online browsing platform: available at https://wwWw.iso.org/obp

— | IEC Electropedia: available at https://www.electtfopedia.org/

3.2

Symbols

basic static axial load rating,in‘newtons

basic static radial load fating, in newtons

pitch diameter of ball'or roller set, in millimetres

nominal ball diameter, in millimetres

roller diamieter applicable in the calculation of load ratings, in millimetres
modulus of elasticity (Young’ s modulus), in megapascals

modulus of elasticity of body 1 (rolling element) and of body 2 (raceway), in megapascals

complete elliptic integral of the second kind

F(p)
Ja(®)
Ji(€)
K(x)

Eft=7%

bearing axial load (axial component of actual bearing load), in newtons
bearing radial load (radial component of actual bearing load), in newtons
relative curvature difference

axial load integral

radial load integral

complete elliptic integral of the first kind

©1S0 2021 - All rights reserved 1
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fe
fi
fo

length of roller applicable in the calculation of load ratings, in millimetres

theoretical static equivalent axial load for thrust bearing, general speaking, called static

equivalent axial load, in newtons

theoretical static equivalent radial load for radial bearing, general speaking, called static

equivalent radial load, in newtons

normal force between rolling element and raceway, in newtons

lllaAilllbllll 11U1 llla} fUl CC llJCtVVCCll 1 U}}ills C}Clllcllt aud ) a\,cvva_y, ill llCVVtUllD
Stribeck number
static radial load factor

static axial load factor

number of balls carrying load in one direction, number of balls or rolléts'per row, or number

of rolling elements per row

semi-major axis of the projected contact ellipse, semilength of the contact surface
semi-minor axis of the projected contact ellipse, semi-width.of the contact surface
compression constant, in 1/megapascals?/3

osculation =r/D,,

osculation at the outer ring = r./D,,

osculation at the inner ring = r,/D,,

factor which depends on the geometty of the bearing components and on applicable stress le
number of rows of balls or rollers in a bearing

load distribution parameter

curvature radius of ayraceway cross-section, in millimetres

outer ring groave'radius, in millimetres

inner ring gtoove radius, in millimetres

exponent in load-deflection formula

distance in direction of the semi-major axis, in millimetres

vel

distance in direction of the semi-minor axis, in millimetres
nominal contact angle, in degrees

actual contact angle, in degrees

© IS0 2021 - All rights reserved
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auxiliary parameter, y = D, cos @ /D,,,,, for ball bearings with a # 90°
Y=Dy/Dpy for ball bearings with a = 90°
y=Dy.cosa /D, forroller bearings with a # 90°
¥ =Dye/Dpw for roller bearings with a = 90°

parameter indicating the width of the loaded zone

ratio of cemi-maiorto comi.minaor avie — al/h
© ) 7

:2021(E)

V1
V2
zp
P11
P2

4.1

Th
co

It

Poisson’s ratio
Poisson’s ratio of body 1 (rolling element)
Poisson’s ratio of body 2 (raceway)
curvature sum
,P12  principal curvature of body 1 (rolling element)
,Py,  principal curvature of body 2 (raceway)
calculated contact stress, in megapascals
- maximum calculated contact stress, in megapascals
auxiliary angle, in radians

one half of the loaded arc

Basic static load ratings

.1 General

.1 Basic formula forpoint contact

e relationship between a calculated contact stress and a rolling element load within ar
tact area is given-inn Reference [8] as Formula (1),

-2 -3]]

s concluded that the maximum calculated contact stress (o,,,,) occurs at the point of x = 0

elliptical

ey

aind y =0,

30 ~Z2mab

Omax = onab or 3 O max

According to the Hertz’s theory,

©lI

1/3 1/3
. 2K2E (k) / 3Q 1—v12+1—v§ /
| = 23p| E; E,
1/3
. 2E(x) 1/3 3Q 1—vf+1—v22 /
| o 25p| E, E,

SO 2021 - All rights reserved
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where
K =a/b
1/2
E(x) (™3 1-(1-L |in2
jo 1|1 fino | do
Zp =p11t P12+ P21t P22
P11=P12 _ 2
UW
Substituting Formula (3) and Formula (4) into Formula (2) for the case of E; = E, = Eand v; = 559,
2
32n (E(x) I
Q=0}ax —21(' 5)
365 \ Zp
and
D K(x
1-—— ( )—1 -F(p)=0 (6)
k-1 E(x)
where
E
EO -
1-v?2
E  $2,07 x 10° MPa
v 30,3
-1/2
K@) L™ 1_(1-2L \in2
-JO 1-|1 ) sin“ ¢ do
P11 = P12+ P21~ P
F(p)E 11— P12 " P ~Paz
P11 T P12 T P21 + P22
Consequehtly, from Formula (5},
2
E(x
Q=6,4762065x1079% (x) ol (7)
zp
4 © IS0 2021 - All rights reserved
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4.1.2 Basic formula for line contact

The relationship between a calculated contact stress and a rolling element load for a line contact is
given in Reference [9] as follows,

,1/2
— {1_(Xj} (8)
Ty b b

Itis concluded that the maximum calculated contact stress (0,,,,) from Formula (8) occurs at the line of
y=0,

20 T Lye b

:—borQ: ) O max 9

Gmax

we

And also b is given by the following formula,

1/2
1-vi 1-v2
p=| 3¢ 1,27%2 (10)
nl,.2p| E; | Ey

where

Lp =p11+P12* Pt P2

P11 =

2 . . . . .
R 7 . the upper sign applies to inner ring contact and the lower to outer ring contact;

Dye 137
P12 =0
P22 =0
Dyecos 0
’)/ =
Dy

Supstituting Formula (10)‘into Formula (9) for the case of E; = E, =Eandv; =v, =V,

2 we
Q=2nc —_—
max EOZP
where
Eg 3 E
1—v2

E =2,07 x 10> MPa

v =0,3
Consequently,
-5 Lwe 2
0=2,7621732x10 5 0% ax (11)

© IS0 2021 - All rights reserved 5


https://standardsiso.com/api/?name=374d9f5a836c3c0ff7f83636121f5683

ISO/TR 10657:2021(E)

4.2 Bas

ic static radial load rating C, for radial ball bearings

4.2.1 Radial and angular contact groove ball bearings

The curvature sum Zp and the relative curvature difference F(p) of radial and angular contact groove
ball bearings is given by the following formulae,

2 Y 1
Yp=—o|2+——— (12)
Dw[ 1xy 2fi(e)]
s r 1
1F 2f
Pyt o 4
Y 1
2+ —
13y 2fie)
where

the upper sign applies to inner ring contact and the lower to outer ring contact;

y =
fie d

fi

fe

D,,cosa
D

pw

bnotes

L . .
—L_for inner ring contact, and
w

T,
—& for outer ring contact
w

Substituting Formula (12) into Formula (7),

Q=6,

2
D E
476206 5x 10710 | 2 (x) o3 (
Y 1
Y
177 2fie)

Substituting Formula (12) and Formula (14) into Formula (15) (see Reference [10]), and furtherm

exchangir
Cor =

where S i

g Q for Q. SIVES
1

5 a‘function of the loaded zone parameter e. If one half of the balls are loaded then § = 4

applies. A

EZ Qrnax€9S (1

14)

re

5)

37

common value used in general bearing calculations is S = 5, which leads to a ratler

conservative estimate of the maximum ball load.

Cor=0,2ZQ,.,COSa (16)

© IS0 2021 - All rights reserved
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Consequently,
2
-10 3(Omax | 1 E(x) 2
Cor =0,2%6,4762065x107 " x(4000)” | /2% | xkx— Z Dy, cosa
4000 4 or ¥ 1
137 2fie

where the upper sign refers to the inner ring and the lower sign refers to the outer ring. Therefore,
inffroducing the number of rows, i, of balls gives Formula (17):

Cor = fo 1 Z D2, cos (17)
where f, is the factor which depends on the geometry of the bearing componeénts and on ppplicable
stifess level:

2
Crax 1 E(x)
fo =2,072| 22 | ¢ (18)
4000 T A 1
137 2fie)
Fof an inner ring with f; = 0,52, Formula (18) becomes,
2
O T E (k)
fo=2,072| 22 | ¢ (19)
4000 oV 1
1-y 1,04
anfl for an outer ring with f, = 0,53,
2
O b E(k)
fo =2,072| 22 | ¢ (20)
4000 v 1
1+y 1,06

e smaller value between the f;, values calculated from Formula (19) and Formula (20) is used in the
calculation of stati€toad ratings.

e values of factor f;, in Table 1 of ISO 76:2006 are calculated from substituting the values ffor k, E(x)

anfl y = D, €os a/D,,,, shown in Table A.1, and 0,,,, = 4 200 MPa into the above formula.

esevalues apply to bearings with a cross-sectional raceway groove radius not larger than p,52 D, in
radlial,and angular contact groove ball bearing inner rings, and 0,53 D, in radial and angular contact

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. In the latter case, a correspondingly reduced value
of f, is used.

© IS0 2021 - All rights reserved 7
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4.2.2 Self-aligning ball bearings

The curvature sum Xp of self-aligning ball bearings is given by the following formula for an outer ring:

D, (1+y
Substituting Formula (21) into Formula (7),
D 2
Q=6,4762065x1071° I((TW(1+”V)F'(K')\ a’ (22)
In general, x = a/b = 1 for the case of contact between an outer ring raceway and balls of selfraligning
ball bearipgs. Consequently,
1/2
| (/2 1), 2 N
E(x) _jo [1—(1—K—2)sm 4 do _jo do=>
Thereforg, Formula (22) is obtained
D 2
Q=64762065x1071° K‘[?W(l + y)n) O s (23)
Substituting Formula (23) into Formula (16) and moreover exchanging Q for Q..
3 2
o T
Coy =R,072| —Mhax [— 1+ } Z D% cosa
Or (4 000 ] 4 ( V) w
Introducipg the number of rows of balls i yields Formula (24)
Cor =lfoiZ Dg\, cos (24)
where
3 2
o 1L
=2,072| X [— 1+ } 25
fo=3072| Tome T [0 73) 35)
The valuep of factor f, in Fable 1 of ISO 76:2006 are calculated from substituting o, = 4 600 MPa gnd
values of y = D,, cos a/B,/shown in the Table 1 of SO 76:2006 into Formula (25).
4.3 Bagic staticaxial load rating C,,, for thrust ball bearings
The curvdture.sum Xp and the relative curvature difference F(p) of thrust ball bearings is given by the
following [formulae:
szi ZiL_i (26)
D, 1xy 2f

© IS0 2021 - All rights reserved
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F(p):sz (27)

where the upper sign refers to the inner ring and the lower sign refers to the outer ring and

f=r/Dy,

Su '\cfifnfing Formula (26) into Formula (7)

2
D E(x
0=6,4762065x10"10k Dy  E(®) ol (28)
2,y v 1
C1xy 2f
Supstituting Formula (28) into the following Formula (29),
Coa=Z QpaxSina (29)
Thierefore,
2
3
o E(x
Co, =10,362| —MAX | (x) Z D, st (30)
4000 y 1
p R A——
15y 2f

Thie smaller value Cy, calculated from Formula{30) is adopted. For washers with f = 0,54,|using the
upper sign gives Formula (31),

Coa = fo Z D% sin (31)
wHere
2
3
o E(x
fo =10,362| X (x) (32)
4000 by ¥ 1
1-y 1,08

Thie values of faCtor f;, in Table 1 of ISO 76:2006 are calculated from substituting the values ffor k, E(k)
anfl y = D, cos'a/D,,,, shown in Table A.2, and 0,,,, = 4 200 MPa into Formula (32).

© IS0 2021 - All rights reserved 9
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4.4 Basic static radial load rating C, for radial roller bearings

The curvature sum Xp for radial roller bearings is given by the following formula,

2 1
_ (33)
Dye 177
Substituting Formula (33) into Formula (11) and adopting the smaller Q,
0=1,3810867x10"> (1-7)Lye Dye 02y (34)
Substituting Formula (34) into the following formula gives Formula (35),
1 .
Cor = EZ Qmax €Os (35)
where S ig a function of the loaded zone parameter ¢. If one half of the rollers aredeaded then S = 4/08
applies. A common value used in general bearing calculations is S = 5, which leads to a rather
conservatfive estimate of the maximum roller load.
- 2
Cor =}44,194774 (ﬁ) (1-¥)Z Lyye Dy cOs 0t
Consequeptly, adopting o,,,, = 4 000 MPa and introducing the number of rows, i, of rollers giyes
Formula (B6),
D, .cosa
Cor =P4| 1-—"—— |i Z Ly D, cOS (36)
pw
NOTE The value has been rounded for use in the final document.
4.5 Bagic static axial load rating C,for thrust roller bearings
The curvgture sum Xp of thrust roller bearings is given by Formula (33) and Q is given by Formula (34).
Substituting Formula (33) and Fofimula (34) into Formula (29),
c 2
Co, =[220,97387 (ﬁ] (1-y)Z Ly, Dy, Ssinex
Consequeptly, adopting'o,,,, = 4 000 MPa, gives Formula (37)
D, .cosa , 4
Coa =220} T——"—— |Z Le Dy sin (37)
pw
NOTE The value has been rounded for use in the final document.

10
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Static equivalent load

5.1 Theoretical static equivalent radial load P, for radial bearings

5.1.1 Single-row radial bearings and radial contact groove ball bearings (nominal contact
angle a = 0°)

Assuming both the bearing rings will yield a parallel displacement when a radial and axial loads act
simultaneously on single-row radial bearings, the maximum rolling element load, Q,,,,, is given by

Fio,.

Th

wh

As
be
for

thg

Thie values calculated from Formula (40) and Formula (41) for a constant contact angle « ar

Tal

oo (OO -

E

r a

_Zcosa]r _Zsinoc]a

Qmax

e radial and axial load integrals are given by Formula (39)

1 [(+Vo 1 t
Jr=J(8)=— [1——(1—Cosw)} cosy dy
21 Y-y, 2€
1 [+Vo 1 ‘
Ja=J.(8)=— [1——(1—cosy/)} dy
275 _l//o 28

ere tis the exponent in the deflection-load formula

t =3/2 for point contact;

t =1,1 for line contact.
suming the bearing has no radial internal clearance under mounting, the static equivalent

romes P, = F. when the rings displace in.the radial direction (¢ = 0,5). Consequently, the
mula can be obtained from Formula (38]

POr
Zcosa J,.(0,5)

Qmax =

 following relationship yields

FI' ]l"

POr - ]r (0'5)
Fycota ) Jy4
POr ]r (0'5)

ble”!\ In accordance with the functional relationship given in this table, the static equival

loa

(38)

(39)

adial load
following

(40)

(41)

e given in
ent radial

d PGl for the given values of F'l F"1 and a can he obtained. The relationship hetween F'“/PGl an

Py, is also shown in Figure 1.
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Table 1 — Values for F,/P,. and F, cot a/P,. versus F, tan a/F, for single-row radial bearings

Ball bearings Roller bearings

y F.tan a/F, F./Po, F, cota/P,, F.tan a/F, F./Py, F, cota/P,,
0,5 0,8225 1 1,2158 0,794 0 1 1,259 5
0,6 0,783 5 1,0558 1,347 5 0,748 2 1,046 9 1,399 3
0,7 0,742 7 1,094 9 1,474 3 0,700 0 1,074 6 1,5353
0,8 0,699 5 1,118 3 1,598 8 0,648 4 1,083 4 1,670 9
09 0,6529 1,1255 1,7239 0,5917 1,0711 1,81012

1 0,6000 1,112 8 1,854 7 0,523 8 1,028 6 1,963 8
1,25 0,453 8 1,000 3 2,204 3 0,360 0 0,847 4 2,354 1
1,67 0,3080 0,816 5 2,651 2 0,233 3 0,646 4 2,770 3
2,5 0,1850 0,585 2 3,163 7 0,137 2 0,438% 3,194 8

5 0,083 1 0,310 8 3,7400 0,0611 0,221 8 3,6317
0 0 0 4,370 6 0 0 4,076 6

12 © IS0 2021 - All rights reserved
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Fr/POr

1,2

0,8

1

0,6

0,4

0,2

0 1 2 3 4 5 F, cota / Py,
Key
1 ball bearing
2 roller bearing
NOTE A, B and C are used to define line segments.

Figure 1 — Theoretical relationship between radial and axial loads versus static equivalent
load for single-row radial bearings
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Table 1 and Figure 1 are calculated and plotted based on the assumption of a constant contact angle.
However, the above relationship is also approximately applicable to ball bearings (e.g. angular contact
groove ball bearings), a contact angle of which varies with the load, if cot a’ given by the following
Formula (42) is substituted for cot al12]

7 2/3
cosoc,zlJr c _ a 42)
cos ot 2r 4\ zDi sina’
w
where
¢ idthe compression constant depending on the elastic modulus and conformity 2 r/D,,;

<
—

if the curvature radius of a raceway cross-section;

D, idthe nominal ball diameter (see Table 2).
c
Table 2 — Values of c and
r
2—-1
w
P r/D,, 1,0325 1,035 1,037 5 1,06
F x 10% 4,3217 4,387 1 4,474 5 4,954 7
a C
ZL—l 0,013 23 0,012 53 0,011 93 0,008 258
DW
NOTE Tlhe unit of cis "1/MPa2/3",

Fa

ZD?

w

For an exgmple of 2 r/D,, = 1,035, the values of cef.a’ for each value of for angular contact grogve

ball bearipgs with a = 15° ~ 45° are given in;JTable 3.

Table 3 — Example of values of cot a” for angular contact groove ball bearings

Fa
2
o ZDy,
0,5 1 2 5 10
cota’
15 3,024 2,793 2,526 2,154 1,865
20 2,450 2,322 2,164 1,905 1,691
25 1,997 1,929 1,834 1,664 1,511
30 +65+ +643 552 444 337
35° 1,381 1,356 1,317 1,248 1,171
40° 1,163 1,146 1,122 1,072 1,018
45° 0,975 0,969 0,952 0,920 0,879
NOTE F,/ ZD‘%v =(F,/Cy.) fo cosa,since Cy,. = fy ZD‘%v cos a.

14 © IS0 2021 - All rights reserved
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Furthermore, for single and double-row radial contact groove ball bearings, Table 4 can be obtained
from Formula (40), Formula (41) and the following Formula (43)[7]:

3/8

1/4

., , 2c 1 /8 F, /

sina’=tana'=| —— 1-— — (43)
2T 2¢ ) | ,izD%

D

w
For given values of F,. and F, a provisional value of @’ is found using Formula (44). Next, Table 4 is used
to find € and F,/P,, or F, cot a’/P,, and then P,.can be determined.

Table 4 — Values of F,/P,. and F, cot a’/P,, versus F, tan a’/F, for radial contact groovie ball
bearings
£ F. tana'/Fa F./ Py, E, cota’/|R,
0,5 o) 1 0
0,6 1,143 2 1,0558 0,923 §
0,7 0,905 5 1,094 9 1,209 6
0,8 0,785 9 1,118 3 1,423 1
09 0,701 3 1,1255 1,605 1
1 0,628 0 512 8 1,772 1
1,25 0,463 2 1,000 3 2,160 (
1,67 0,310 5 0,816 5 2,603 §
2,5 0,185 5 0,585 2 3,154 §
5 0,083 1 0,310 8 3,737 7
© 0 0 4,370 €
3/8
1/4
, 2c F,
tana/ = 2 (44)
2L -1 1Z Dy,
DW
For 2 r/D,, = 1,035, for example, the values of tan a’ for each value of F, /i ZD&V are given in Table 5.
Table 5 — Example of values of contact angle for radial contact groove ball bearings
F,/i ZDZ, 0,5 1 2 5 10
tan a’ 0,211 0 0,251 0 0,298 5 0,375 3 0,446 3
NQTE | 2Dy, = (Fa/Cod fo
Mdreover, the relationship between F,./P,. and F, cot a’/P,. is given in Figure 2.

© IS0 2021 - All rights reserved 15
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0,4
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; i

0 1 2 3 4 5 F,cota'/ Py,

NOTE A, B and C are used to define line segments.

Figure 2 — Theoretical relationship between radial and axial loads versus static equivalent
load for radial contact bearings
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5.1.2 Double-row radial bearings

2021(E)

Assuming both the bearing rings will yield a parallel displacement when a radial load and an axial load
act simultaneously on a double-row radial bearing and designating each row as I and II,

Fr:FrI+FrIl; FazFaI+FaIl

and the maximum rolling element load for each row is given by Formulae (45), see Reference [16].

o - I F
A Zcosa J. Zsino ],
t (45)
_ !
Qmaxll - Qmaxl -
£
where
e\
11
Je=1r (el)+(8_j Jy (en)
‘ (46)
e\
11
Ja=1a (31)—[8— Ja (e11)
[
where t is the exponent in the deflection-load formula
t =3/2 for point contact;
t =1,1 for line contact.
Aspuming the bearing has no radial internal\tlearance, the static equivalent load P, = F,|when the
P
bepring rings displace in the radial direction (g = &; = 0,5), and Q) = or thatlis, in this
Zcosa J.(0,5)
case Formula (40) and Formula (41)are valid. The values calculated from Formula (40) and Formula (41)
forl a constant contact angle a are given in Table 6. In accordance with the functional relationghip given
in fhis table, the static equivalent radial load, P, for the given values of F,, F, and a can be|obtained.
Thee relationship between F/P,. and F, cot a/P. is shown in Figure 3. Furthermore, for dpuble-row
radlial contact groove ball bearings, the contact angle of which varies with the load, P, can b¢ obtained

ap

broximately by using\@’ by Formula (42) instead of @ in Table 6.

Table 6 — Values of F./P,. and F, cot a/P,, versus F, tan a/F, for double-row radial bearings

Ball bearings Roller bearings

K A F.tan a/F, F./Py, F, cota/P,, F.tan a/F, F./Py, F, cota/P,,
0,5 0,5 oo 1 0 oo 1 0

0.6 0,4 2,0465 07797 03810 2,3908 08217 0,343 7
0,7 0,3 1,091 6 0,663 4 0,607 8 1,2101 0,702 2 0,580 3
0,8 0,2 0,800 5 0,602 6 0,752 8 0,8229 0,6187 0,751 8
09 0,1 0,6713 0,572 1 0,852 3 0,634 0 0,558 6 0,8811

1 0 0,6000 0,556 4 0927 4 0,523 8 0,514 3 09819
1,25 0 0,453 8 0,500 1 1,102 1 0,360 0 0,4237 1,177 1
1,67 0 0,3080 0,408 3 1,325 6 0,233 3 0,323 2 1,385 2
2,5 0 0,1850 0,292 6 1,5819 0,137 2 0,2191 1,597 4

5 0 0,0831 0,155 4 1,869 9 0,0611 0,1109 1,8158
o 0 0 0 2,1850 0 0 2,038 3

©1S0 2021 - All rights reserved 17
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Fr/POr

1

0.8 A\

0,6

0,4

0,2

0 0,5 1 1,5 2 2,5 F,cota /Py

Key
1 ball bdaring
2 roller pedring

NOTE A, B and C are used to define line segments.

Figure 3 — Theoretical relationship between radial and axial loads versus static equivalent
load for double-row radial bearings

5.2 Theoretical static equivalent axial load P, for thrust bearings

5.2.1 Single-direction thrust bearings

Single-direction thrust bearings which can support radial loads can be considered as single-row radial
contact bearings with a large contact angle.

18 © IS0 2021 - All rights reserved
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When bearing washers displace in the axial direction in Formula (41) which is valid for single-row
radial contact bearings with a constant contact angle, € = o and J, = 1, and since the static equivalent
axial load P, = F,, substituting this relationship, the following formula is obtained

Py, =Py, cota . (0,5)

Substituting this formula into Formula (40) and Formula (41), the following formulae yield

F.tana
T (47)
F,

=/, (48)
POa

Thie values in Table 7 can be obtained from Formula (47) and Formula (48). Incaccordanc¢ with the
fupctional relationship given in this table, the static equivalent axial load P, for‘the given vglues of F,
F, pnd a can be obtained. The relationship between F, /P, and F, tan a/Py{s-given in Figurel4.

©1S0 2021 - All rights reserved 19
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Key
1  ball be
2 roller

F,.tana / Py,

0,3

0,25

aring
bearing

0,2

0,15

0,1

0,05

F./F,=0,

F./F,=0,44 cota \

0,2 0,4 0,6

Fa/POa

NOTE

A, B and C are used to define line segments.

Figure 4 — Theoretical relationship between axial and radial loads versus static equivalent

20

load for single-direction thrust bearings
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Table 7 — Values of F, /P, and F, tan a/P, versus F,_tan a/F, for single-direction thrust bearings

Ball bearings Roller bearings

‘ F.tan a/F, F,/Pya F.tan a/P,, F.tan a/F, F,/Pya F.tan a/P,,
0,5 0,822 5 0,278 2 0,228 8 0,794 0 0,3090 0,245 3
0,6 0,783 5 0,308 4 0,241 6 0,748 2 0,343 3 0,256 8
0,7 0,7427 0,337 4 0,250 5 0,7000 0,376 6 0,263 6
0,8 0,699 5 0,3658 0,2559 0,648 4 0,409 9 0,265 8
09 0,6529 0,394 5 0,257 6 05917 04441 0,262 8

1 0,6000 0,424 4 0,254 6 0,523 8 04817 0,252 3
1,25 0,453 8 0,504 4 0,2289 0,360 0 0,577 5 4,207 9
1,67 0,3080 0,606 7 0,186 8 0,233 3 0,679,6 0,158 6
2,5 0,1850 0,724 0 0,1339 0,137 2 0,783,7 (0,107 5

5 0,083 1 0,855 8 0,0711 0,0611 0,890 9 0,054 4

© 0 1 0 0 1 0

5.2.2 Double-direction thrust bearings

ra

Dcrble-direction thrust bearings which can support radial leads can be considered as dpuble-row
ial contact bearings with a large contact angle.

For this case, the same Formula (47) and Formula (48) asfor single-direction thrust bearings are valid
anfl Table 8 can be obtained. In accordance with the functional relationship given in this table| the static
eqpivalent axial load P, for the given values of F,,.F\@and a can be obtained. The relationship between

F,

2APoa and F, tan /P, is given in Figure 5.

© IS0 2021 - All rights reserved
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F.tana / Py,

0,5

A

0,4

0,3
B
N\
\\
0,2 .
) N
N\
N
N\
Py, =F, + 2,3 F, tana =\
0,1 \
\\
N\
A\
N
0 C
0 0,2 0,4 0,6 0,8 1 F, /Py

Key
1 ball bdaring
2 roller pearing

NOTE A, B and C areaised to define line segments.

Figure[5 — Theoretical relationship between axial and radial loads versus static equivalent
load for double-direction thrust bearings
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Table 8 — Values of F, /P, and F, tan a/P, versus F, tan a/F, for double-direction thrust bearings

Ball bearings Roller bearings

i i F.tan a/F, F,/Pya F.tana/P,, | F.tana/F, F,/Pya F.tan a/P,,
0,5 0,5 0 0 0,457 7 o3 0 0,490 6
0,6 0,4 2,046 5 0,174 4 0,356 8 2,390 8 0,168 6 0,403 1
0,7 0,3 1,091 6 0,278 2 0,303 6 1,210 1 0,284 7 0,344 5
0,8 0,2 0,8005 0,344 5 0,275 8 0,8229 0,3689 0,303 5
09 01 06713 0,3900 0,2618 0,634 0 04323 0,274 1

1 0 0,600 0 0,424 4 0,254 6 0,523 8 0,4817 ,252°3
1,25 0 0,453 8 0,504 4 0,2289 0,360 0 0,577 5 0,207 9
1,67 0 0,3080 0,606 7 0,186 8 0,233 3 0,6796 ,158 6
2,5 0 0,1850 0,724 0 0,1339 0,137 2 0,7837 0,107 5

5 0 0,083 1 0,855 8 0,0711 0,061 1 0,890 9 0,054 4

0 0 0 1 0 0 1 0

5.3 Approximate formulae for theoretical static equivalentload

5.3.1 Radial bearings

From a practical standpoint, it is preferable to replace the theoretical curves in Figure 1 ang Figure 3
foil radial contact bearings with a constant contact angle'by two straight line segments AB| BC and a
stifaight line AC, respectively.

Thie static equivalent radial load P, given by the\straight-line segments and straight lines i shown in
Table 9 and Table 10, respectively.

Fof radial ball bearings the contact angle efwhich varies with the load, the formulae given in Table 9 and
Taple 10 are approximately applicable ifieot a”by Formula (42) is substituted for cot a in the fprmulae.

a5}

Table 9 — Approximate formulae for theoretical static equivalent radial loads for single-row
radial bearings (straight line segments AB and BC in Figure 1)

. Abscissa Approximate formulae of P,
Bearing type - - -
Point.A Point B Point C Segment AB Segment BC
S “%t’;iorgfa“ (122, 1) 221,1) | (437,0) P, =F, Py, = 0,494 F.+0,229|cot a F,
Spgeron M (1261 | (2031 | @08,0) | Pu=F | Py=0502F,+0245kotar,
TTble 10 — Approximate formulae for theoretical static equivalent radial loads for doyible-row
radial bearings (straightline AC in Figure 3) |
Bearing type Abscissa of point C Approximate formulae of P,
Double-row ball bearings (2,18,0) Py.=F.+0,459 cota F,
Double-row roller bearings (2,04, 0) Py, =F.+ 0,490 cota F,

For radial contact groove ball bearings replacing theoretical curve by straight line segments AB and BC
in Figure 2, the static equivalent radial load P, is given in Table 11, and the value of cot a”in the table is

given by Formula (44).
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Table 11 — Approximate formula for theoretical static equivalent radial load for radial contact
groove ball bearings (straight line segments AB and BC in Figure 2)

. Abscissa Approximate formulae of P,
Bearing type - -
Point B Point C Segment AB Segment BC
Radial contact ’
groove ball bearings (2,16, 1) (4,37,0) Py =F, Py, =0,506 F.+ 0,229 cota’F,

5.3.2 Thrust bearings

Replacing|theoretical curves in Figure 4 and Figure 5 by the straight lines BC and AC, respectively, the
static equjvalent axial load P, is given in Table 12 and Table 13.

Table|12 — Approximate formulae for theoretical static equivalent axial loads for, single-
direction thrust bearings (straight line BC in Figure 4)

Bearing type Coordinates of point B Approximateformulae of P,
Singledirection ball bearings (0,424, 0,255) Py,=2,26tana F. + F,
Single-direction roller bearings (0,482, 0,252) Py, G206 tana F. + F,

Table [13 — Approximate formulae for theoretical static equivalent axial loads for double-
direction thrust bearings (straight line ACin Figure 5)

Bearing type Coordinates of point A Approximate formulae of P,
Doubletdirection ball bearings (0,0,458) Py, =2,18tana F.+ F,
Double-gflirection roller bearings (0,0,491) Py,=2,04tana F. +F,

5.4 Practical formulae of static equivalent load

5.4.1 Radial bearings

Assuming the bearing has no radial internal clearance, maximum rolling element loads under radial
load for sipgle radial contact bearings with a contact angle a are given as follows since J,. (0,5) = 0,228 8
(ball bearjings), /.. (0,5) = 0,245 3 (raller bearings) for € = 0,5 in Formula (38),

F, _ 437°F,

= = ball bearings
Cmax 0,2288 Z cosa-\Z cos ( gs)

r r

0 i F _4,08F,
max - 0,2453%¢cos "~ Zcosa

(roller bearings)

However, [taking~into account internal clearances in practice, the following formula for either Hall
bearings tfr roller bearings has been adopted since R. Stribeck (1901)

_5_1r (49)

Z cos o

Qmax
Moreover, the factor f involved in the formulae for basic radial load rating C,, of radial bearings also is

based on the assumption by which load distributions depend on Formula (49) (see ISO 76:2006, Table 1,
NOTE).
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For single-row radial bearings with a constant contact angle under combined radial load F, and axial
load F,, the following formula can be obtained owing to H. Stellrechtl8] where all of rolling elements are
subjected to the load (see Figure 6).

5P, 3 F, +2,5Fr
Zcoso Zsino Zcoso

(50)

In the case of the first term is greater than or equal to the second term in the right hand of the above
Formula (50), that is F. < 0,4 cot a F, (corresponds to € > 1,25 in Table 1 and segment BC in Figure 1),
this formula is valid.

Thle following formula can be obtained from Formula (50)
Py, =0,5F.+0,2cotaF, (51)
When F,. = 0,4 cot a F,, the right-hand terms in Formula (51) will equal F,, thus fenyF. < 0,4 cotx F,, P, is
sef to

Py, = F, (Segment AB in Figure 7)
When a double-row radial bearing with a number of rolling elements per row Z is subjected to a load
bylits one row only and all of the rolling elements Z are subjected to the load (corresponds fo € 2 1 in

Table 6 and segment BC in Figure 3), the following formula can be obtained from the same confideration
as ffor the above single-row bearings

5P F, 2,5F
Or — a + r (52)
2Zcosa Zsina Zcoso
Cohsequently,
Py, =F.+04cotaF, (53)

Thiis formula is valid where F, < 0,4 dot a F, (segment B;C; in Figure 7), and P, = 2 F, (point B;) where
F.F 0,4 cota F,. Py. = F, at point Aq in Figure 7, and it can be considered that Formula (53) also is valid
for] segment A, B;.
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Key
1  bearing axis

Figure 6 — Rolling element load in a single-row radial bearing

For radial|bearings, for which the contact angles vary with the axial loads, a’ can be adopted instead of
a in Formpla (51) and Formula {53}

That s,
Singletrow bearings:\/ P,.=0,5F.+ 0,2 cota’F, (%4)
Doublp-row beafings: Py.=F.+ 0,4 cota’F, (35)
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0 1 2 3 4 5 F,cota /Py

Key
single-row radial bearing
double-row radial bearing

NOTE A, B, Cand C; are used to defire line segments.

Figure 7 — Relationship between radial and axial loads versus static equivalent load fpr radial
bearings

However, strictly speaking, @ only on the right hand in Formula (50) and Formula (5P) can be
reil“aced by a’, andit is necessary to take into account that the static load capacity decreasgs because

of manufacturing inaccuracy as an axial run out where a radial bearing is subjected to an axial load.
Therefore, faking a reduction factor (1 - k, sin a), Formulae (54) and (55) for P, become as fpllows:

2
=‘'single-row bearings: P, = 0.5 cos,a F. +— ?' cos a_ F, (56)
cosa sina’(1-kq sina)

— double-row bearings: Py, = cos o 0,4cosa

+ 57
cosa’ " sina’(1-kgy siner) ? (>7)

There is an experiment by A. Palmgren(2! for the magnitude of rolling element load under combined load
for the single-row radial contact groove ball bearing. Figure 8 shows his results for /P, dependent on
F, cot a'/P,.

NOTE This experiment had been done for bearings which have D, = 16,5 mm, groove radius r = 0,53 D,,,
Z =12, and the value of a’ for the experiment values in Figure 8 is based on Formula (58) (the unit for F, is kgf):
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3/8

1/4
tana’~| —25 [ Fa j =0,05024 F1/* (58)
24| 2D
DW
Taking the straight line AC; on the safety side of all of experiment values shown in Figure 8, the
following formula is obtained

Py.=F.+0,2cota’F, (59)

And also, [in Figure 8, the straight-line segments AB and BC [coordinates of point B (1,7, 1,0)] can tgke
into accoynt theoretical curve (see Figure 2) and experiment results. In this case, the following\formfila
is obtained

Py, = 0,575 F, + 0,25 cot ' F, (60)

5.4.2 Thrust bearings

Since singlle and double-direction thrust bearings with a contact angle a # 90%can be regarded as single
and double-row radial bearings with a large constant contact angle, the formula for the static equival¢nt
axial load|of thrust bearings is based on Formula (51) and Formula (53). Since the ratio of static radial
load capagity to static axial load capacity is 0,2 cot a for single-row"bearings and 0,4 cot a for doulle-
row bearings, the following formula is obtained by means of dividing both sides in Formula (51) and
Formula (53) by 0,2 cot @ and 0,4 cot a, respectively,

Py, =R,5 F. tana + F, (p1)

a

28 © IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=374d9f5a836c3c0ff7f83636121f5683

ISO/TR 10657:2021(E)

Fr / POr
1,2
A B
LN
AN
\ [¢]
o8| \ A
\\ °
NG -1
0,6
\\ o
[¢]
AN
AN
0,4
\
AN
N
0,2 N
N\
AN
AN
0 C N\ C,
0 1 2 3 4 5 6 F,cotd'/ Py,
Key
1 theoretical curve
o experiment value by A. Palmigren (1920)
NOTE A, B, Cand C; are'used to define line segments.
Figure 8 — Relationship between radial and axial loads versus static equivalent load fpr radial
contact groove ball bearings

5.5 Staticradial load factor X, and static axial load factor Y,
5.3.1—~ Radial bearings

5.5.1.1 Radial contact groove ball bearings
For radial contact groove ball bearings, from Formula (59) for the static equivalent radial load,
X,=1; Yy=02cota’ (62)

However, using in Formula (62) the contact angle a”= 15° corresponding to

a) conformity 2 r/D,, = 1,035 and axial load F, = 0,1 COr (relatively small in safety side), or
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b) 2r/D,=1,035andF,/iZ D&, sina”=4,903 3 N/mm?,
Y, yields
Y,=0,2x%3,732=0,746 4~ 0,75

Factors X, = 1 and Y, = 0,75 had been adopted at the initial period10}.[11],

NOTE1 For a), from Formula (44), tan a"= 0,263 6 (see Table 14). Consequently, a” = 14,8°.

NOTE 2 For b), from Formula (42), cos a” = 0,965 08 cos a 1s obtained. Consequently, a” = 15,2°.

Secondly, from Formula (60),

X,=0{575%0,6; Y,=0,25cota (63)
However, |f 2 r/D,, = 1,035, from Formula (44) (units: kgf and mm),
1/4
F, / F, 1/4
tana|=0,44418 =0,46872| —
i Z D, or
yields [Cy=1,24iZ Di, (kgf)], values of Y, versus each value for F, /€ become as shown in Table 14,
Table 14 — Values of factor Y| for radial contact' groove ball bearings

F,/Co, 0,05 0,1 0,2 0,5 1

tan a’ 0,2216 0,263 6 0,3135 0,394 1 0,468 7

Y, =0,25 dot a’ 1,128 0,948 0,797 0,634 0,533
Practicalvalues for Y,

[Formula [63)] 1.1 0 08 0,6 0,5
X, = 0,6 and practical values for Y, in the Iowest line of the above Table 14 had been adopted after X, + 1
and Y, = 075[121.[13],

However, [[SO/R 76 and ISO 76 have_the given X, = 0,6 and Y, = 0,5 (corresponds to F,/C,, = 1). As for
this, A. Pajmgren had mentioned the following sentence in his book[14l: “The Y,, factors for radial contpct
groove bdll bearings are calculated for thrust loads of the same magnitude as basic static load ratipg.
With lighter thrust loads, smaller contact angles are developed, and then somewhat greater Y, factors

can be jusftified.”

The fact that ISO/R.76specified the values of Y, only corresponding to F, = C, is based on its influence

being relatively smiall except F,/C,, (a # 0°) and F,/C,. being particularly similar (consequently, P,/

being small), owing to there being the condition of Py, > F,, and the calculation of the static equival
load necegsary.to design is done to ascertain P, < C,, usually.

C‘Or
ent

Moreover, if @ = 5° is adopted taking into account radial internal clearances, the value of a’ for 2 r/
D, =1,035and F, = C;. = 12,258 iZng is 26,6° from Formula (42) and Y, = 0,25 cot a’'=0,499 20,5
yields from Formula (63) and Formula (56),

Xy =0,5"23% _0,5571~0,6
coso
Yy = QECOSX _4529-0,5
sina’(1-0,2sin o)

30
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