TECHNICAL
REPORT

O/TR
10657

v

Explanatory notes on ISO 76

Notes explicatives sur I'ISO 76

ll

u||||l|||ll|“
...nnl|||“|“|“

||||||||!I|...,".'
‘||||“"Ih"l..,'_l

\l

Reference number
ISO/TR 10657 : 1991 (E)


https://standardsiso.com/api/?name=ce9d24a3e70b5f4cb8ea6612849dcf11

ISO/TR 10657 : 1991 (E)

Contents
T o SCOPE ... e 1
2 Brief HistoFy . . ..o e 1
2.1 ISO/R76-1958 ... 1
2.2 IS0 B-1978 .ot 2
2.3 IS0 8- 1987 oo 3
3 BasicStaticLoadRatings ............ ... it 6
3.1 Basidstatic radial load rating C, for radial ball bearings................ 10.
3.1.1| Radial and angular contact groove ball bearings. ............. N 10
3.1.2| Self-aligningballbearings ............ ... ... .. .. . N 12
3.2 Basiqstatic axial load rating C, for thrust ball bearings . . ..... x5 . ... 14
3.3 Basid static radial load rating C, for radial roller bearings ... ........ 15
3.4 Basid static axial load rating C, for thrust roller bearings~\.". . .......... 16
4 Static EqujvalentLoad ............. e 17
4.1 Theoretical static equivalent radial load P, forradial bearings .......... 17

4.1.1| Single row radial bearings and radial contact groove ball bearings 17

4.1.2] Doublerowradial bearings ./ ..o 25
4.2 Theoretical static equivalent axial lead P, for thrust bearings .......... 28
4.2.1 Single direction thrustbearings ............................. 28
4.2.20 Double direction thrustbearings. ................... ... ... ... 30
4.3 Apprpximate formulae.for theoretical static equivalentload ............ 32
4.3 Radialbearings ............ ... .. .. 32
4.3.20 Thrustbearings . ........ ... ittt 34
© 1SO 1991

All rights reserved. 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 the publisher.

International Organization for Standardization

Case postale 56 @ CH-1211 Genéve 20 o Switzerland

Printed in Switzerland


https://standardsiso.com/api/?name=ce9d24a3e70b5f4cb8ea6612849dcf11

ISO/TR 10657 : 1991 (E)

4.4 Practical formulae of staticequivalentload ............................. 35
4.4.1 Radialbearings ...........c.coiiiiiiiii 35
4.4.2 Thrustbearings .........ouviuiiniiniii e, 40

4.5 Static radial load factor X, and static axial load factor Y,.................. 42
4.5.1 Radialbearings .......... . .. 42

4.5.1.1 Radial contact groove ball bearings ..................... 42
4.5.1.2 Angular contact groove ballbearings.................... 44
4.5.1.3 Self-aligning ball bearings and radial roller bearings. . ... ... 47
45.2 Thrustbearings ..............cciiiiiiiiiiiiiimenlL 48

Annexes

Annex A Valuesfory,xandE(x)................... ;v oo 50

AnnexB Symbols................... o G AT 53

AnnexC References..............ccooovii i i oo 56



https://standardsiso.com/api/?name=ce9d24a3e70b5f4cb8ea6612849dcf11

ISO/TR 10657 : 1991 (E)

Forewor

d

ISO (the Intefnational Organization for Standardization) is a worldwide federation of

national stand
Standards is

ards bodies (ISO member bodies). The work of preparing International
hormally carried out through ISO technical committees. Each member

body interest

d in a subject for which a technical committee has been established has

the right to He represented on that committee. International organizations, govern-
mental and npn-governmental, in liaison with 1SO, also take part in the work. ISO

collaborates

losely with the International Electrotechnical Commission (IEC) on all

matters of elgctrotechnical standardization.

The main task of 1ISO technical committees is to prepare International Standards. In
exceptional clrcumstances a technical committee may propose the publication of a

Technical Re

type 1
Internatior

type 2
other reas
Internatior

type 3
that which
example).

ort of one of the following types:

, when the required support cannot be obtained for the publication,of an
al Standard, despite repeated efforts;

, when the subject is still under technical development or.\Where for any
bn there is the future but not immediate possibility of an agréement on an
al Standard;

, when a technical committee has collected data of-a different kind from
is normally published as an International Standard)(’state of the art”, for

Technical R

orts of types 1 and 2 are subject to réview within three years of publi-

e
cation, to d{cide whether they can be transformed into International Standards.

Technical Re
provide are c

1ISO/TR 1065}
mittee ISO/T

ISO/TR 1065
bearings —

specialists inﬂ

dard.

Annexes A, H

orts of type 3 do not necessarily-have to be reviewed until the data they
bnsidered to be no longer validoh useful.

, which is a Technical Report.of type 3, was prepared by Technical Com-
C 4, Rolling bearings, Sub-Committee SC 8, Load ratings and Iife.

f has been prepared for the guidance of users of ISO 76 : 1987, Rolling

tatic load ratings. Mt is a purely scientific document intended for use by
his field, andit:is not envisaged that it will become an International Stan-

and € form an integral part of this Technical Report.
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Explanatory notes on ISO 76

1 $cope

This [Pechnical Report gives supplementary background informatien
regariing the derivation of formulae and factors given inm ISO 76,

Rollipg bearings - Static load ratings.

2 Brief History

2.1 ISO/R 76 = 1958

The IFO0 Recommendation R 76, Ball and Roller Bearings - Methods of
Evalupting Static Load Ratings, was drawn up by Technical Committee
ISO/TJ 4, Ball and Rollér)Bearings, the Secretariat of which is held

by thp Sveriges Standardiseringskommission (SIS).

*
This Recommen@ation is based on the studies{[1] , (2] by A. Palmgren

and sp ony-It is defined in the Recommendation that the basic static

load

tion of roll ing

element and raceway at the most heavily stressed rolling element/
raceway contact of 0,0001 of the rolling element diameter. And then
the Standard values confined to the basic static load ratings for

special inner design rolling bearings are laid down,

* Figures in brackets indicate literature references in annex C.
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Technical Committee ISO/TC 4 discussed the questions dealt with by

the ISO Recommendation at the following meetings:

the

the

the

third meeting, held in Goteborg, in September 1953,
fourth meeting, held in Madrid, in May 1955,

fifth meeting, held in Vienna, in September 1956.

At the third meeting of the Techmical Committee, Working Group No.

3 was ap
work and
Germany,
the
the
On 4th J
the ISO

Member B

The Draf
to the I

as an IS

ointed to assist the ISO/TC 4 Secretariat in preparatory
in drawing up proposals. The Working Group composed of
Sweden and USA held the following meetings:

first meeting, held in Madrid, in May 1955,

second meeting, held in Vienna, in September, 1956,

une 1957, the Draft ISO Recommendation wad 'sent out to all
Member Bodies and was approved by 28 (‘out of a total of 38)

pdies.

t ISO Recommendation was then submitted by correspondence

50 Council, which decided), in December 1958, to accept it

D Recommendation,

50 76 - 1978

The Work

ing Group No. 3 was transformed into SC & at the 13th meeting

hela in |

biPis in May 1972 The SC 8 S tariat i

include the revision of ISO/R 76 in the future work at the first

meeting held in London in November 1973, and SC 8 requested its

Secretariat to prepare

a Draft Proposal for an International Stan-

dard replacing ISO/R 76 and it was decided that this proposal should

be submitted to the SC 8 member Bodies for consideration prior to

1 October 1974 (SC 8 RESOLUTION 21, 21 London 1973).

2
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C 8 Secretariat distributed a DRAFT PROPOSAL (Revision of

76) in July 1974.

The TC 4 decided to include the revision of ISO/R 76 in its pro-

gramm
retar
38, 1

a DP

The D
8 Mem
study
76 wa
had b

in Ju

This
but w
and Y
tact
value

lent

e of work (TC 4 RESOLUTION 514, item No. 13%2) and SC 8 Sec-

iat was requested to prepare a Draft Proposal (SC 8 RESOLUTION
# Miami Beach 1974). As a result, the Secretariat submitted

(3] in January 1976.

raft Proposal DP 76 was accepted by correspondence by-& of the
hers of 8C 8. 0Of the remaining two, Japan would prefer further
and USA its counter proposal, document 4/8 N/6% [4]. The DIS
5 then subimitted to the 150 Central Secrebtariat. After the DIS
pen approved by the 150 Member Bodies, “the IS0 Council decided

ie 1978 to accept 1t as an International Standard.

btandard adopted the SI unit newton and was revised in total,
i thout essential chahges of substance. However, values of XD
5 for the nominal contéct angles 15° and 45° for angular con-
qroove ball¢bearings were added to the table which shows the
E of Xo and YD in the formulae to calculate the static equiva-

radd al* loads of radizl ball bearings.

2.3

180 76 - 1987

During the revisien of ISOD/R 76 - 1958, USA had in 1975 submitted a

count

calcu

er proposal [4] for the basic static load ratings based on a

lated contact stress.
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The Secreteriat requested a vote on the revision of the static load
ratings based on a contact stress level in January 1978 and after-
ward circulated the voted results in June 1978, and the item No.

of revision work had became No. 157 of the programme of work of

TC 4.

This Draft Proposal DP 76 was dealt with at the following TC 4
meetings
15th meeting, held in Moscow, in April 1977,
16th meeting, held in London, in Nevember 1979,
17th meeting, held in Budapest, in May 1983,
and then| dealt with at the following SC 8 meetings®
the third meeting, held in London, in November 1979,
the fourth meeting, held in Budapest, “in May 1983,

the fifth meeting, held in Arlington, in November 1984,

The follgwing resolutions for the’ contents of the Standard were

adopted dquring the third meeting to the fifth meeting:

SC 8, cqnsidering the proposals made in the documents 4/8 N 75 L5]
‘and 4 N 865 [ 6] j~as well as the comments made by TC 4 Members and

that severaliSC 8 Members expressed a need for updating ISO 76,

agreed to continue its study taking into account the possibility

of using either permanent deformation or stress level as a basis

for static load ratings (SC 8 RESOLUTION 45, 5 London 1979), and

SC 8 requested its Secretariat to prepare a new draft. The new draft
should be prepared with the principles and formulae of the document
4/8 N 715, and to include levels of contact stress for various

rolling element contact stated to be generally corresponding to
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4

a permanent deformation of 10~ Dw at the centre of the most heavily

stressed rolling element/raceway contact. For roller bearings a

stress level of 4000 MPa was agreed (SC 8 RESOLUTION 51, 4 Budapest

1983)

and then 5C 8 agreed, by a majority vote, that static load

ratings should correspond to calculated contact stresses of

4000 MPa for roller bearings,
4600 MPa for self-aligning ball bearings and

4200 MPa for all other ball bearings to which the

Standard applies (SC 8 RESOLUTION 56, 3 Arlington 1984). Mdéreover,

SC 8
with

4 Arl

For t
occur
/race

the r

The D
after

| cided

recommended the document 4/8 N 121 [7] , amended~in accordance
5C 8 Resolution 56, as a revised ISO 76 (SC 8 (RESOLUTION 57,

ington 1984).

hese calculated contact stresses, a.total permanent deformation
es at the centre of the most heavily stressed rolling element
Wway contact, and its deformation is approximately 0,0001 of

blling element diametert

S 76 was submitted: to the 1S0 Central Secretariat 1985, and
it had been approved by the 180 Members, the 150 Council de-

in Februdery 1987 to accept it as an Internaticnal Standard.

! Furthd

bepore, SC 8 decided at its £idth mnnfing in Qpr‘il 1984 that

supplementary background information, regarding the derivation of

formul ae and factors given in 150 76, should be published as a Tech-

nical

Report (5C 8 KESOLUTIGON 71, 11 Hangzhou 1986).
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3 Basic Static Load Ratings

_(1) Basic equation for point contact The relationship between

a calculated contact stress and a rolling element load within

an elliptical contact area is given as follows [8] .

mx

y 2.1/2
- 3eh [1 - (ﬁ ] ’ (3-1)
whegre
" = calculated contact stress, MPa,
a = major semi axis of the contact
ellipse, mm,
b = minor semi axis of the contact
ellipse, mm,
Q@ = normal force between rolding element and
raceway, N,
x = distance in a-dizrection, mm,
Yy = distance in b=direction, mm .
It [is concluded that the maximum calculated contact
stress (O;ax) gccurs at the point of x = 0 and y = O,
_ 39 271 ab
Udax = 27ap *  °F Q=" 0. - (3-2)
According to the Hertz's theory,
1/3 2 1/3
2wE(}c) [ 1 -y 1-1/2 |
a= ( ) ( + ) ’ (3"3)
CDY PR E,
be @O v Sy (3-4)
- e By E ’

2
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where
X = a/b
E(K) = complete elliptic integral of the second kind
(’T/Z : 1/2
= |1 = -L)ein%|  ad
j L K2 @l
0
E[+E, = modulus of eIzsticity (Young'ts modulius), MPT,
- 1 ] 3
Di,bé = Poisson's ratio,
2P=p + p +p +p
11 12 21 22
2 ) , ISP ¢ B
Io; N = 'i):_ = principal curvature of body 1 (ball),
11' 21 W
[p) pn = principal curvature of body 2 (ring) "at the point
12* 22

contact .

Substituting equations (3-3) and (3-4) into.equation (3-2) for the

case |of E E,= E and b&: bé: v,

1° "2

2
Q= T2 ii—}x(%—,"—}) . (3-5)
N )

and

1 - —2——(5{-}(—;‘ -1) -Fp) =0, (3-6)

wherd

| E = 2,07 * 10°MPa ,

v =0,3

K(¥) = complete elliptic integral of the first kind
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Consequently,

(2) Baglic equation for line contact

Q = 6,4762065 x 10~ 1% J—l) o>

max

(3-7)

The relationship beilween

a clalculated contact stress and aro}}ing_element load for'a

where

It is con

line contact is given as follows [9] ,

1/2 ‘
T = ,TiQ 1= ] (3-8)

- = calculated contact stress, MPa ,

= semiwidth of the contact surface, mm),

length of roller applicable to calculate load

ratings, mm ,
= normal force between rollins element and raceway, N ,

= distance in b-directiony mm .,

bluded that the maximum calculated contact stress

(0___) ocecurs at the line)of y = O,

max

T

max

And alsp

mL b
e HCIIE TR T G-
we :

=
max

b As(given by the following equation,

b

_[ 9Q__ 1 -vf 1-2/3)]1/2’

+
ML 1P = B E,

(3-10)


https://standardsiso.com/api/?name=ce9d24a3e70b5f4cb8ea6612849dcf11

ISO/TR 10657 : 1991 (E)

where

2 )4
Ny, = 4— r 2 ._ -
L™ D0 2T 3 Ty Pam 0 Pp=o.

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

Dwe = roller diameter applicable to calculate load
ratings, mm -
v Dwecoscz
D 2
pw
I)pw = pitch diameter of roller set, mm .

Substituting equation (3-10) into equation (5—9) for the case of

= E and Di: Vo=V,

17 72
L
Q=2mg? ¥
1
Ymax EOZ‘/)
where
E = E
o >
1«72
E = 2,07 x IOSHPg »
Y=/0,% .,
Consequently,
L
—Q_._z_,_'z_ez_m;z_x_mi_l’.e_ 2 (z2-11)
2[) Vmax hd A\ WAl
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3.1 Basic static radial load rating Cor for radial ball bearings

z2,1.1 Radial and angular contact groove ball bearings

The curvature sum >/)and curvature difference F(ﬂ) of radial and angular

contact groove ball bearings is given by the following equation,

Zp‘ 2 2 + Y - 1 ’ : -
*3 yy M 21‘1
F(0) = ——— e) |  43-13)
2 + 1

where

the upper sign applies to inner ring¢gontact and
-the lower to outer ring contact,

D = ball diameter, mm .

D cos¥
y B—w—— >
D
v
D = pitch diameter ofxball set, mm ,
f, =

2

f =

b4

P I

ry = inner-‘ring groove radius, mm ,

r = ‘outer ring groove radius, mm .

Substitutingequation (3-12) into equation (3-7),

n 'I AN
Q = 6,4762065 x 107 k(5" Vo) Goay -+ (3-14)

2+ -
l:Fy Zfi(e)

Substituting equations (3-12) and (3-14) into the following equation

[10] , furthermore exchanging Q for Qmax’

C = -%—ZQn‘xcosa , - (3-15)

10
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where
Cor = basic static radial load rating, N ,
Z = number of balls per row .
Qhax= maximum normal force between rolling element

and racevay, N .

S iz g functiom of the Ioaded ZONE Darameter &.
If one half of the balls are loaded then S = 4,37 applies.
A common value used in general bearing calculations is
S = 5, which leads to a rather conservative estimate of
the maximum ball load,

Q' = nominal contact angle,o,

C_ . =0,22Q _ cos . C (3-16)

or

Consegquently,

-10 Uhax
q,p = 052 x 6,4762065 x 1o x (4000) (4000) 4
2 o
x-l-(' EQc) ) ZD2cosCZ R
4 Y 1 W
2 207 < 7f
Y #i(e)

where the upper sign refers (to' the inner ring and the lower sign

refers to the outer rings.Therefore, introducing the number of rows

i of|balls,

2
Cor = foiZchosa ’ (3-17)

wherqd

f = factor which depends on the geometry

of the bearing components and on appli-

cable stress level

.2072(4'0“3’5)x( - P;,(") —)

Ty 2T ()

. (3-18)

1
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The formula applies to bearings with a cross-sectional raceway groove
radius not larger than 0,52 Dy in radial and angular contact groove
ball bearing inner rings, and 0,53 D, in radial and angular contact

groove ball bearing outer rings and self-aligning ball bearing inner
rings.

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,5 shall be used.

For an ipgner ring with fi = 0,52,

Tmax,> 2
£, = 2,072(355%) x( F;’,(") ) (3-19)
CrT -y T 1,08 :
and for dn outer ring with fe = 0,53,
£ 2 ﬁQX\B E(K) 2
o - 2072(40001 }(( Y 1 ) . (3"20)
“T+y T,06

The smalller value between the fo values calculated from equations

(3-19) ard (3-20) shall be adopted.

The valuels of factor fo on table 1 in ISO 76 - 1987 are calculated
from subgtituting the_¥alues for X, E(X) and Y= chosO’/Dpw shown

in table [A.1, and Uaax = 4200 MPa into the above equation.

3,1.2 | Self-alignine ball bearings

The curvature sum 5/2 of self-aligning ball bearings is given by

the following equation for an outer ring,

SP= 4 (55) - (3-21)

12
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Substituting equation (3-21) into equation (3-7),

In general, X = a/b = 1 for the case of contact betwee

ring raceway and balls of self-aligning ball bearings. Consequently,

IIVZ 1/2 }.‘/2
E(x) =) I—l - Q1 -%—)sinzaﬂ dd = {d(b .._g_ .
0'. v v
Therafore, equation (3-22) yields
10 |_w 2 3
Q = 6,4762065 x 10~ ;(E;—(l + Y)7T:| Tpax™ * (3-23} _

Substituting equation (3-23) into equation (3-16) and moreover

exchgnging Q for Qmax’

. Omax. O[T 2 2
Cop = 2,072(4;:)':;)%) [7(1 + y)] ZD cos .

Intrqducing the number of trows i of balls,

Ci)= roiznscos a , (3-24)
where
f =2 072(0;’31)3 lL(l )]2 (3-25)
o ™ “Y1\Z0007 |3 \L*Y .

The values of factor fo on table 1 in ISO 76 are calculated from
substituting ¢, _ = 4600 MPa and values of Y= chosa/Dpw shown

in the table of ISO 76 into equation (3-25).

: 1991 (E)

13
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3.2 Basic static axial load rating Coa for thrust ball bearings

The curvature sum > /) and curvature difference F(/2) of thrust ball

bearings is given by the following equations,

Upo
P )
[ %)
I+

1l |~

()
-4

-
;™
\IN
)
N
N
N’

- 1y 21/
Y 1
e | :
Rp) = —2 L2 (3-27)
2t L
= f :
where
f = I‘/Dw )

r = groove radius of housing washer, mm;

Substitutfing equation (3-26) into equation.(3=7),

D 2 ,
Qb 6,4762065 x 10710 (2 EQO) )" 3 . (3-28)
2 2 + o _1 max
Iy 2f

Substitutfing equation (3-28) intd jthe following equation (3-29),

Cop = 2R, sin & , | (3-29)
where
Coa = basic static axial load rating, N »
Z =-number of balls carrying load in one direction ,
Q = maximum normal force between rolling element
| "max
and raceway, N .
Therefore,
: Tmax > E(X) 2 2
C__ = 10,362(7 ) Xx( ) 2D°sinCX . (3-30)
oa 4000 2+ Y 1 w :
TTIFy e

14
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The formula applies to bearings with a cross-sectional raceway groove
radius not larger than 0,54 Dy.

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 fo5 shall be used.

The smaller value Cna calculated from equation (3-30) shall be

adopted. For washers with f = 0,54, using the upper sign,

where

The v
subst

table

3.3

The c¢

follo

1 -y 1,08

alues of factor fo on table 1 in ISO 76-are calculated from
ituting the values for ), E(K) and(V'= chosC(/Dpw shown in

A2, and G;ax = 4200 MPa into equation (3=32).

Basic static radial load rating Cor for radial roller bearings

2 . 3
Coa ™ £ 2D sinQx , (3-31)
3 2
Umax E(X)

hrvature sum 3/) for radial roller bearings is given by the
wing equation)
2 1
SP =S . (3-33)
Dwe L3y

Subst

small

i4dting equation (3-33) into equation (3-11) and adopting the
er Q,
-5 2
Q = 1,3810867 x 107 °(1 - V)L D T - (3-34)

15
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Substituting equation (3-34) into the following equatien,

c -%ZQ cos (X ,

or max (3-15)
where .
Cor = basic static radial load rating, N ,
2 = numbér of follefs per row ,
Qmax= maximum normal force between rélling element

and raceway, N ,

S is a function of the loaded zone parameter E.

If one half of the rollers are loaded then S = 4,08%applies.
A common value used in general bearing calculatiofhs‘'is

S = 5, which leads to a rather conservative estimate of

the maximum roller load.

(X = nominal contact angle, °,

Tmax\2,.
Cop = 44,194774(5505) (1 - ¥)2L, D _coscx .

--Consequently, adopting Ogax = 4000 MPa\'and ihtroducing the number

of rows| i of rollers,

D cos

Cor = 44(1 - )iZL'eDwecosCI . (3-35)

Pw

3.4 Basic static~axial load rating Coa for thrust reller bearings

The curyature sum 5/) of thrust roller bearings is given by the

equation (3=33) and Q is given by the equation (3=34),

Substituting equations (3-33) and (3-34) into equation (3-29),

Fone 2
c . = 220,97387(43\33) (1 -¥)zL, D, sincx .

Consequently, adopting Ohax = 4000 MPa,

D cos(}

we -36
C o = 220(1 = b )ZL, D sinQ . (3-36)

16
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4 Static Equivalent Load

4.1 Theoretical static equivalent radial load POr for radial
bearings
4.1.1 Single row radial hparingq and radial contact groove ball

bearings (nominal contact angle ™= 0)

Assuming both the bearing rings will yield a parallel displacement
vhen|a radial and axial loads act simultaneously on a single" row
radial bearings, the maximum rolling element load Qmax (N) is given

by the following equation [11]

Q = Fr = Fa
max ZcosCZJr ZsinCZJa ’ (4-1)

where

F_ = radial load, N

T

[ F_ = axial load, ¥,

| Jr = radial load > integral .
Ja = axial-load integral ,

Z = number of rolling elements per row,

A =, mominal contact a.ngle,o

»

17
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The radial and axial load integrals are given by the following

equations

+,

t
Jr = Jr(é‘) = 517 [1 - 5%5—\1 - cos (L/);l cosdjddj ’ )
Ly |
U . 7 (4-2)
Ja = Ja(E) 8,-5—7]%(- El - %(1 - cos lj/)] dl[/ ’

where

d
L}

3/2 for point contact

1.1 for line contact .

one half of the loaded arc,

€ = a parameter indicating the width of the loaded

zone in the bearing .

Assuming [the bearing has no radial internal clearance under mounting,
the statifp equivalent radial load Por= Fr when the rings displace
in the rafial direction (& =0,5). Consequently, since we can obtain

the following equation from equation (4-1)

Por
Q

max ZcosCIJr(O,S) K

the following relationship yields

F J
= = 5 © (4-3)
P . J.(0,5) ° |
F cot(l J
a = a . - )
P " 3.(0,5) (4-4

18
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The values calculated from equations (4-3) and (4-4) for a constant
contact angle (X are given in table 4-1. In accordancerwith the ‘
functional relationship given by this table, the static equivalent
radial load Por for the given values of Fr , Fa and O 'mé,ry be obtained.

The relationship between Fr/Por and FaCOta/Por also is shown by

figure 4-1,

Table 4-1 Values for Fr/Por and Facot(Z/Por vs. FrtanCZ/Fa

for single row radial bearings

c ball bearings roller bearings
Frtan G/Fa Fr/Por Facota/Por Fr'tana'/Fa Fr/Por ' Facota/Por

0,5 0,8225 1 1,2158 0,7940 1 1,R595
0,6 0,7835 1,0558 1,3475 0,7482 1,0469 | 1,3993
0,7 0,7427 1,0949 1,4743 0,7000 1,0746 | 1,/5353
0,8 0,6995 1,1183 1,5988 0,648, | 1,0834 | 1,/6709
0,9 0,6529 1,1255 1,7239 0,5917 1,0711 | 1,102
1 0,6000 1,1128 1,8547 0,5238 1,0286 | 1,9638
1,23 0,4538 1,0003 2,2043 0,3600 | 0,8474 | 2,354
1,67 0,3080 0,8165 2,6512 0,2333 0, 6464 | 2,7703
2,5 0,1850 0,5852 33,1637 0,1372 0,4382 | 3,1948
5 0,0831 0,3108 35,7400 0,0611 0,2218 | 3,/6317
o) 0 0 4,3706 0 0 4,l0766

19
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1,2

0,8

ball dearing

05 \

roller bearing \

Fr/Por

0,4
0,2
C
0 1,0 2,0 30 40 5,0

F_cot a/p or

Figure 4-1 Theoretical relationship between radial and axial
loads vs, static equivalent load for single

row radial bearings
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Table 4-1 and figure 4-1 are calculated and plotted based on the
assumption of a constant contact angle. However, the above relation- '
ship is also approximately applicable to ball bearings (angular
contact groove ball bearings etc.), a contact angle of which varies

with the load, if cot(’ given by the following equation (4-—5) is

substituted for cotQ (12]

cos (Y -
cos (X’

1 . - {4=-5) -

F 2
+ 2r/]cJ -1 ( 2 ) &
w ZDvaina’
¢ in|the above equation is a compression constant depending on the

elastic modulus and conformity 2r/Dw, where r is a(curvature radius

of a|raceway cross-section and D is a ball digmeter (see table 4-2)."

Table 4-2 Values of ¢ _andwh
w" unit N and mm

'2r/Dw 1,0325 1,035 1,0375 1,06
ex1p® | units 4,307 1+, 3871 4745 4,9547
57;“'_1 Ilqr,lmm 0,01323 0,01253 0,01193 0,008258
cx133 gnits 1,98 2,01 2,05 2,27
Zr/tl:)w — l::r;f,mm 0,06062 0,05743 | 0,05440 0,03783

For am example of 2r/D = 1,035, the values of cot(Q for each value

2 . . o 0
of Fa/ZDw for angular contact groove ball bearings with (X = 15~45

are gi#én in table 4-3.

Furthermore, for single and double row radial contact groove

ball bearings, table 4-4 may be obtained from equations

21
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Table 4-3 Example of values of cotet' for angular

contact groove ball bearings

. 2*
F,/ZD_
a 0,5 1 2 5 10
cotQl’
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° | [1,651 1,613 1,552 1,444 | 1,337
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
* units (in N and mm., Since Cor = fOZDacoscz, Fa/Zni = (Fa/Cor)focoscx.
(4-3), (4-4) and the following equation (4-6) (12]
) 2¢ 5/8 1 . 3/8 Fq (1/4
sin(Qi'~t ’s -
Q’=~ tan(X (WDH-_I) (1 28) (J 1ZD2) y  (4-6)
a w
wherg

i = number of rows of balls ,

Z\='number of balls per row .

o PR ’
For given values of R and F‘a a nrovisional value of « is found
r * =

using equatioh (4-7). Next, table U4-4 is used to find € and Fr/Por

or Fa

’ .
cote /Por and then POP can be determined,
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Table 4-4 Values of Fr/Por and FacotCZVPor vs.
FrtanCZVFa for radial contact groove
ball bearings
& Frtan Cz’/Fa Fr/Por Faco tx 7Por
0,5 @ 1 0
0,6 1,1432 1,0558 0,9238
0,7 0,9055 1,0949 1,2096
0,8 0,7859 1,1183 1,4231
0,9 0,7013 1,1255 1,6051
1 0,6280 1,1128 1,7721
1,25 0,4632 1,0003 2,1600
1,67 0,3105 0,8165 2,6035
2,5 0,1855 0,5852 3,1548
5 0,0831 0,3108 3,7377
2 20 3/8 Fa 1/4
tan Qs (75— 7) ) (4-7)
2r Dw- 1 iZDs

,

2
a

/iZD, are given in table 445.

dr/Dw= 1,035, for example, the-values of tan(’for each value

Table 4-5 Example of values of contact angle for radial

contact groove ball bearings

2%
wa/iznw

0,5

1

2

5

10

tan Q2

0,2110

0,2510

0,2985

0,3753

10,4463

*¥ anits in N and mm. F /iZD2 = (F /C_)f .
a v a’“or

o

. . > .
Moreover, the relationship between Fr/Por and FacotCI/Por is

given in figure 4-2,

23
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1,2

1,0 §

0,8

Fr/Por

04

0.2

\c

1%

O 1,0 2,0 3,0 4,0 5,0

Facot a/Por

Figure 4-2 Theoretical relationship between radial and axial
loads vs, static equivalent load for radial
contact bearings
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4.1.2 Double row radial bearings

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 andII,

= +F ’ Fa PaI FaH

and [the maximum rolling element load for each row (the numben of
rollling elements is Z, respectively.) is given by the f6llowing

equajtions [11]

F r
Q - 8
max Zoos (Y J ZsinQJ ’
r a
(4-8)
Eg.t
QmaxII Qmaxl(’gg)
1 ’
where
I_=3_() + (ED% ()
r r+-1 &' °r ’
(4-9)

Emt
T, = I4ten) — (2D Y (En)

Assuming the\Vbearing has no radial internal clearance, the static

equivalent load Por= Fr’ when the bearing rings displace in the

radibl-direction (E3=Eg=0,5), and

P
Q or

max ZcosQJ_(0,5) '

that is, in this case equations (4-3) and (4-4) are valid. The
values calculated from equations (4-3%) and (4-4) for a constant

contact angle &Y are given in table 4-6. In accordance with the

25
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functional relationship given by this table, the static equivalent
radial load Por for the given values of Fr’ Fa. and X may be obtained.
The relationship betiween Fr/Por and Facot O/Por is shown by figure
4-3, Furthermore, for double row radial contact groove ball bearings,

-the contact angle of which varies with the load, Por may be obtained

approximately by using &t’by equation (4—5) instead of X in table
4"60
Table 4-6 values of Fr/Por and F_cot a/Por vs. Fotan a/Fa
for double row radial bearings
- 7  ball bearings - ¢ roller bearings
€1 ET :
- FrtanC(/Fa Fr/Por FaCOta/Por Frtan a/Fa Fr/Por FacoiiZ/POr
0,5 | 05 - ™ 1 0 @ 1 0
0,6 Ok 2,0465 0,7797 0,3810 v 2,3908 0,8217 0,3437
0,7..10J3 1,0916 0, 6634 0,6078 1,2101 0,7022 0, 5803
0,8 0j2 0,8005 0, 6026 0,7528 0,8229 0,6187 0,7p18
0,9 .| 041.. | 0,6713 0,5721 0,8523 0,6340 0,5586 0,8811
11 0 . .0,6000 0,5564 0,9274 0,5238 0,5143 0,9819 |
1,25 | O 10,4538 0, 5001 1,1021 0,3600 0,4237 1,1971
1,67 { O 0,3080 0,4083 1,3256 0,2333 0,3232 1,3852
2,5 0 0,1850 0,2926 1,5819 0,1372 0,2191 1,5974
5 - {0 0,0831 0,155k 1,8699 0,0611 0,1109 1,8158
oo o] o] 0] 2,1850 o] 0 2,0B83

26
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0.8 N\
0.6
~
o ball bearding
L
¥
P
0,4 \
roller bearing
0,2 \
C
0 0,5 1,0 1,5 2,0 2.5
Facotajpor

Figure 4-3 Theoretical relationship between radial and axial

row radial bearings

loads vs, static equivalent load for aouble
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4.2 Theoretical static equivalent axial load Poa for thrust
bearings
4.2.} Single direction thrust bearings

Single direction thrust bearings which can support radial loads

may be co;

large con

When bear
(4-4) whi
a constan
equivalen

following

Substitut

following

Hered et e ot . .

tact angle.

ing washers displace in the axial direction in the equation
rh is valid for single row radial contact bearings with

t contact angle, £ =Q0 and Ja= 1, and since the static

t axial load Poa= Fa’ substituting this relationship, the

equation yields

P .= PoacotCIJr(O,S) .

ing this equation into equations (4-3) and (4-4), the

equations yield
Frtan a
=J ’ - (4-10)
0a r ,
Fa
P~ =% | (4-11)
o0& * 4-

The table

4-7 may be obtained from equations (4-10) and (4-11).

In accordance with the functional relationship given by this table,

the static equivalent axial load Poa for the given values of Fr’

F, and X may be obtained. The relationship between Fa/Poa and

FrtanCZ/Poa is given in figure 4-4,
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0,30

ball bearing

0,25

. roller bearing

0,20

oa

0,15

Frcota/P

0,10

0,05

O

o\

0 0,2 0,4 0,6 0,8 1,0

/%0
Figure 4-4 Theoretical relationship between axial and radial
' loads vs, static equivalent load for single

direction thrust bearings
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Table 4-~7 Values of Fa/Poa and Frtana/Poa vs. Frtan(}/Fa

for single direction thrust bearings

ball bearings ‘ roller bearings

&
Frtan ('X/Fa Fa/Poa Frtan CZ/Poa Frtan C(/Fa Fa/Poa Frtan a/Poa

0,5 0,8225 0,2782 0,2288 0,7940 0,3090 0,2453
0,6 0,7835 0,3084 0,2416 0,7482 0,3433 0,2568
0,7 q, 7427 0,5574 0, 2505 00,7000 0,376b 0,2636
0,8 . 4,6995 0,3658 0,2559 0,648L 0,4099 0,2658
0,9 | Q,6529 0,3945 0,2576 0,5917 O,4441 0,2628
1 qQ, 6000 0,424k | 0,2546 0,5238 0,4817 | 0,2523
1,25 Q,4538 0, 5044 0,2289 0,3600 00,5775 0,2079
1,67 00,3080 0, 6067 0,1868 0,2333 0,6796 0,1586
2,5 Q,1850 0,7240 0,1339 0,1372 0,7837 0,1075
5 09,0831 0,8558 - 0,0711 0,0611 0,8909 0,054
@ q 1 % o} o} X 0

4.2,2 Double direction thrust bearings

Double dij

rection thrust bearings which _can support radial loads

may be comsidered as double row radial contact bearings with a

large con]

For this (

direction

tact angle.

base the same equations (4-10) and (4-11) as for single

thrust beafings are valid and table 4-8 may be obtained.

In accordance with the functional relationship given by this table,

the statid

Fa and (X

Frtan c/P

oa is given in figure 4-5.

t equivalent axial load Poa for the given values of Fr’

may be obtained. The reiaztionship betweenr F/P—and

a’ oa


https://standardsiso.com/api/?name=ce9d24a3e70b5f4cb8ea6612849dcf11

ISO/TR 10657 : 1991 (E)

ball bejaring

/%5

F_tanQ

0,2

0 0,2 0.4 0.6 0,8 1.0

Fa/PGe

Figure 4-5 Theoretical relationship between axial and radial

loads vs, static equivalent load for double
direction thrust bearings
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‘Table 4-8 Values of Fa/Poa and Frtancz/Poa VS, Frtancz/Poa

for double direction thrust bearings

ball bearings ‘roller bearings

(3 E
I I Frtan a/Fa Fa/Poa Frtan a/Poa Frtan Q/Fa Fa/Poa Frtan G/Poa
0,5 0,5 ® 0 0,4577 oo 0 0,4906
0,6 054 25065 SrEYac: 673568 253968 651666 5H#031
0,7 9,3 1,0916 0,2782 0,3036 1,2101 0, 2847 0, 3445
0,8 0,2 0,8005 0,3445 0,2758 0,8229 0,2689 0,3p35
0,9 0,1 0,6713 0,3900 0,2618 0, 6340 0,4323 0,2/41
1 (0] 0, 6000 O,42LL 0, 2546 0,5238 0, 4817 0,2p23
1,25 ¢ 0,4538 0, 5044 0,2289 0,3600 0,5775 0,2p79
1,67 | © 0, 3080 0, 6067 0,1868 0,2333 056796 0,1B86
2,5 0 0,1850 0,7240 0,1339 0,1372 00,7837 0,1p75
5 q 0,0831 0,8558 0,0711 0,0611 0,8909 0, 0BLY
@ (0] 0 1 0 0 1 o
4.3 Appgroximate formulae for theoretical static equivalent load

Radial bearings

From a pyactical standpoint(ijt is prefgxgble”tgl;gplaqgﬁ?be theo-

retical durves in figures)4-1 and 4-3 for radial contact bearings

with a cdnstant contackt angle by two straight line segments

AB, BC arnd a straight line AC, respectively.

The stati¢t—eguivalent radial locad P..

given hy the straight line seg-

ments and straight lines is shown in tables 4-9 and 4-10, respectively.

For radial ball bearings the contact anzle of which varies with
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Table 4-9 Approximate formulae for theoretical static equivalent
radial loads for single row radial bearings (straight

line segments AB and BC in figure 4-1)

bearing type abscissa approximate formulae of Por

point A {point B |point C | segment AB - segment BC

single row

ball be 1,22 2,21 4,37 Por= Fr —RETE_Q*424211_Q+229C°FczFa

roller bearings or r

singlL row 1,26 2,03 4,08 P =F Por’ 0’502Fr+ 0,24500tCI’Fa

Table 4-10 Approximate formulae for théoretical static
equivalent radial loads for’ double row radial

bearings (straight 1ine AC in figure 4-3)

bearing type abscissa of point C |dpproximate formulae of F
double row

ball bearings 2,18 P pr=F.+ 0,455c0tQF]
double row )
roller bearings 2,04 Por=Fp+ 0,450cotaF]

the load, the formulae givén by tables 4-9 and 4-10 are approximately

applicable if cot X by ‘equation (4-5) is substituted for cot in

the formulae.

For radial<{cpntact groove ball bearings replacing theoretical curve

by straight line segments AB and BC in figure 4-2, the static

equivalent radial load Por may be given in table 4-11, and the

value of cota’' in the table is given by the equation (4-7).
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Table 4-11 Approximate formula for theoretical static equivalent

radial load for radial contact groove ball bearings

(straight line segments AB and BC in figure 4-2)

abscissa approximate formula of Por
bearing type point B |point C segment AB segment BC
radial contact
%:::I: :all 2,16 4,57 rorg Fr Por = U,)Ubfr + 0,225c0¢t
4.3,2 Thrust bearings

Replacing theoretical curves in figures 4-4 and 4-5 by ,the’ straight
lines BC|and AC, respectively, the static equivalentiaxial load
Poa may Ye given by tables 4-12 and 4-13.
Table 4-12 Approximate formulae :for theoretical static
equivalent axial loads for single direction
 thrust bearings-(straight line BC in figure
h-4)
bearing| type coordinates: of point B approximate formulae of Poa
single direction '
ball beirings (0,424 , 0,255) P°& = 2,26tanCZFr + Fa
single hirection
roller pearings (0,482 , 0,252) Poa = 2.06tanClFr + Fa

Table 4-13 Approximate formulae for theoretical static
equivalent axial loads for double direction

thrust bearings (straight line AC in figure

4-5)

bearing type

coordinates of point A

approximate formulae of Poa.

double direction

ball bearings (o, 0,458 ) Pba = 2,18tanC}Fr +_Fa
double direction
roller bearings (0, 0,491 ) Poa = 2404tanQF_+ F_

34
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4.4 Practical formulae of static equivalent load

4.4.1 Radial bearings

Assuming the bearing has no radial internal clearance, maximum

rollipg

bearipgs with a contact angle (X are given as follows since Jr(O,S)

0,2pP88 (ball bearings), JI(O,S) = 0,2453 (roller bearings) for

€ = 0,5 in equation (4-1),

“max ™ 0,2288ZcosGy = Zoosr~  (bell bearings)”,

| F. 4,08F
may = = >——=  (roll
max 0,2453Z¢cos (X Zcos (X roller bearings) ,

However, takingz into account internal clearances in practice, the

folloying equation for either ball bearings or roller bearings

has been adopted since R. Stribeck (1901)

F
r

Qmax =5 ZcosQl ° (4-12)

Moreovers (the factor fo involved in the formulae for basic radial

load rating Cor of radial bearings also is based on the aééumptioh B
by which load distributions depend on equation (4-12) (see Annota-

tion 1) in table 1-of ISO 76).
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For”sihgle row radial bearings with a constant contact angle under

combined

radial load Fr and axial load Fa’ the followihg équétionb

may be obtained owing to H., Stellrecht [13] where all of :olling

elements

are subjected to the load (see figure 4-6)

Por P 25F
Zcosy ~ Zsingg T Zcosx ° ; (4-13)

In the case of the first term 2> the second term in the right<hand

of the above equatien, that is Fr < 0,4cota‘Fa (cofrespondé to &

> 1,25 in table 4-1 and segment BC in figure 4-1), this equation

iS ‘va.lid.

The follewing equation may be obtained from equation (4—13)

When Fr=

equal Fr,

When a do

Pop = 0,5F + 0,2c0tQF_ . (4-14)

0,4cotXF_, the righ't hand terms in equation (4-14) will

and for the 'segment AB in F_<0,4cotqF, (figure 4-7)

P = F .
or r

uble row radial bearing with a number of rolling elements

per row Z 1S Subjected to a load by 1ts one Tow only and all ol

the rolling elements Z are subjected to the load (corresponds to

€ 21 in table 4-6 and segment BC in figure 4-3), the following
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equation may be obtained from the same consideration as for the

above single row bearings

5P F 2.5F
ol . a_ ,_'""r (4-15)
cos(} Zainy Zcos (X
Consequently,
Por = Fo + 0,4cotQF_ . : (4%16)
O
\ 2444
Fa/Zsina
t S5F /%
2,5Fr/Zcosa

i

bearing axis

Fa/Zs ina

Figure 4-6 Rolling element load in a single row radial

bearing
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This equation is valid where Fr g;o,4cotCZFa ( segment Blcl in

figure 4-7), and P = 2Fr_(p01nt Bl) where F = 0,4cot(QF_. P

or

Fr at point Al in figure 4-7, and it may be considered that equation

(4-16) also is valid for segment A B

1’

For radial bearings contact angles of which vary with the axial

loads, we|may adopt Q’ instead of (@ in equations (4-14) and (4-16).

That is,

sipgle row bearings :

dopble row bearings

P

or

P

or

)
= Fr + 0,4cota‘Fa .

1,0

0,8

0,6

P /Por

0,4t

B4

Bingle row
radial
bearing

double row
radial
bearing

= 0,5F_ + o,2cotcf’x-*a ,

(@-17)

(4-18)

0,2
| L ,Ehl L 2§$
0 1,0 2,0 30 40 50
P‘cotCI/Por

Figure 4-7 BRelationship between radil and axial loads

vs., static equivalent load for radial bearings
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However, strictly speaking, (X only of the right hand in equations
(4-13) and (4-15) shall be replaced by X', and it is necessary to
take into account that the static load capacity decreases because
of manufacturing inaccuracy as an axial runout where a radial bea-

ring is subjected to an axial load. Therefore, taking a ieduction

factor (1 - kosina), the formulae for ’Por become as follows;

single row bearings x'Por = cosq’ 'r + sincr(1 = kosina)

double row bearings : Por = cosa)Fr + sTncr(l = kosina)

Therg is the experiment by A. Palmgren[lzﬂ as for the ma.gnitudg ofv
rolling element load under combined load for’ the single row radial
contgct groove ball bearing. Figure 4-8 plots his results on figu-
re of Fr/Por——— Facota/Por.

NOTH - This experiment had been-done for bearings which have

Dw= 16,5 mm, groove radius r = 0,53D,, Z = 12, and the
value of (X’ for(the experiment values in figure 4-3 is

based on theé following equation (unit for F_ is kef)

3/8 F_ 1/4 ”U1/4
k(Zr/D:- 1) (Zgz)
w

tan&’

0,2
0,5cos y2cos Fa 5" (4-1

_ cos(X 0,4cos(X Fa . (4-2

= 0,05024F_ . (4-21)

D )

Taking the straight line AC, inside (in safety side of) all of

1

experiment values shown in figure 4-8, the following equation

yields

Por = P+ 0,2cot?_ . (4-22)

or
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And also, in figure 4-8, we may take the straight line segments AB
and BC [ coordinates of point B (1,7 , 1,0) ] taking into account
theoretical curve (see figure 4-2) and experiment results. In this

case, the following equation yields

Poy = 0,575F, + 0,25cot'F, . (4-23)

A.4.2 Thrust bearings

Since single and double direction thrust bearings with a contact
angle & ¥ 9d3 may be regarded as single and double row radial
bearings with a large constant contact angle, respectively, the
formula flor the static equivalent axial load of thrus4 bearings
based on fequations (4-14) and (4-16). That is, since the static
radial lojad capacity/ the static axial load capacity = 0,2cot(
or O,4coyt, the following equation yields'by means of dividing

both hands in equations (4-14) and (4<16) by 0,2cot X and 0,4cot(,

respecyively,

P o = 2,5F tan@'+ F_ . (4=-24)
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1,2 I l
O: experiment value by
A 9/\ A. Palmgren (1920)
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Figure 4-8 -Relationship between radial and axial loads
vs, static equivalent load for radial contact
groove ball bearings
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4.5 Static radial load factor Xo and static axial load factor Yo

4.5.1 Radial bearings

_4.5.1.1 Radial contact groove ball bearings

For radigl contact groove ball bearings, from equation (4-22) for

the static equivalent radial load,

Xo =1 4 Y  =0,2c0tx’ . (4-25)

However, |using the contact angle a'= 150 correspond ing" to (1)
conformity 2r/Dw= 1,0%5 and axial load FazO,lCOI‘ (relatively
small in [safety side) or (2) 2r/Dw= 1,035 and Fa/iZDisina’=

2

0,5 kgf/mm° = 4,9033 N/mmz, T yields

Yo = 0,2 x 3,732 = 0,7464 ~ 0,75 .

Factors X°= 1 and Yo= 0,75 had been adopted at the initial
period [15], [16] .
ROTE - Fqr (1), from’ equation (4-7), tanQ= 0,2636 (see table 4-14).
Cqnsequently, A= 14,5 . And for (2), from equation (4-5),

cqs = 0,96508cos X yields. Consequently, X'= 15,20 .

Secondly, from equation 4-23,

Xo = 0,575=20,6 , Y5 = 0,25cot®{ . (4-26)
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However, if 2r/Dw='1,035, from equation (4-7) (units : kgf and mm),

e o F o 1/4 F 1/4
tanQ’= 0,44418(—=) = 0,46872(=2-) '
12D Cor
w

yields [(COr = 1,24iZD% (kgf)1,values of Y, versus each value for

w /r KRecome Ao chotvn 11 Falkle A—14
L a/ \.ro f AT VILC QAo DAUNJVWVILL Al LA aLc = "X .
Table 4-14 Values of factcr Yo for radial contact
g&roove ball bearings
o, * -
F_/c
a/Cor 0,05 0,1 0,2 0,5 1
tan 0’ 0.2216 | 0,2636 | 0,3135 | 0,3941 | 0,4687
Y, |= 0,25c0t X’ 1,128 0,948 0,797 0,634 0,533
pragtical values | 1,1 0,9 0,8 0,6 0,5
for Yo

% units in kgf and mm

X°= 0,6 and practical values(for Yo in the lowest line of the above
tablel had been adopted aftter X = 1 and Y _= 0,75 [17], [18] .
However, ISO/BR 76 and. ISO 76 have the given X,= 0,6 and Yo=cns

(corresponds to Fa/cor= 1). As for this; A, Palmgren had mentioned

the following ®entence in his book [19] ,"The Yo factors given

in Table 3.6 for radial contact groove ball bearings are calcu-

lated| for thrust loads of the same magnitude as basic static load

rating, With lighter thrust loads, smaller contact angles are

developed, and then somewhat greater Y factors can be justified, "

It is considered that the fact that ISO Standard specified the values
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of Yo only corresponding to Fag Cor is based on that its influence

]
is relatively small except Fa/Cor‘(a# 0) and Fr/cof being parti-

cularly same (consequently, Por/Co

. being small) owing to there

being the condition of Porg Fr’ and calculation of the static

equivalent load necessary to design is done to ascertain Po'rféc

or
usually.
Moreover, |if o = 5° is adopted taking into account radial internal clear:-
ances, the¢ value of o¢ for 2r/DW = 1,035 and Fy = Cop = l,2SiZD‘% (kgf)
= l2,258i.3D3J (N) is 26,6° from equation (4-5) and Y5 = 0,25tano¢’

= 0,4992 £ 0,5 yields from equation (4-26). And from equation (@519) ,

X =0,5 §§§f§;= 0,55T1= 0,6

0,2cos X

T = sin@ (1 - 0,28in(Y)

0,4529 ~.0,5 .

_4,5.1.2 Angular contact groove ball bearings
For angular contact groove (ball bearings, from equations (4-14)
and (4-16),
single row bearings : X = 0,5 , Y = 0,2cot a, (4-27)
dogble row bearings : X =1 y Y, = 0,4cotQ (4-28)
had beenladaopted initially [15]
However, afterward Yobecomes as follows from equations (4-14) and
(4-18)2

Y = 0,2cot Q' (single row bearings) ,

Y = O,4cot Q’ (double row bearings) ,
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and substituting the values of (" obtained from the equation
cos X’ =0,972402 cos in the above equations, the values shown

in table 4-15 have been adopted [17].

NOTE - Equation cos(’ = 0,972402cos (I may be obtained by

substituting 2r/D = r,/D + r /D = 0,5175 + 0,53

= 1,0475, ¢ = 0,00214(units in kgf,mm) or ¢ = 0,00046709
(units in N,mm) and Fa/ZDisinCZ'z 0,5 kgf/mn> =

44,9033 N/mm2 into equation (4-5),

Table 4-15 Values of Yo for angular contact groove

ball bearings

single row bearings double row bearings
a 'cx’ Yozo,zcotcf Practical YO-o,4cotcf practical
values of Yo : values of Yo
15° || 20,1° | 0,547 0,55 17093 1,09
20° || 24,0° | 0,449 0,45 0,898 0,90
25 | 28,2 | 0,373 0,37 0,746 0,75
30° | 32,6 | 0,313 0,31 0,625 0,63
35° | 37,2° | 0,263 0,26 0,527 0,53
40° || 41,8° | 0,224 0,22 0,441 0,45

Valugs of factors Xo and Yo in ISO 76 are based on equations
(4=19) and (L%20) (however, k = 0,2). That is , for single

row Bearings

X =0,5 cosX Y 0,2cos X .

= . -29)
o cw&%—a—i—&é—(—l—-—@—W 5 (4 )

and adopting the following approximate equation to the value

of

cotl’ = cotd , or tanQ’= 0,4082 Vl + 6tan'(y , (4-30)

Vl + cotza/6

the values in table 4-16 may be obtained.
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Table 4-16 Values of factors Xo and Yo for single row
angular contact groove ball bearings [ Values

for I’ are based on an approximate equation

s X 0,5cos8( |Standard Y 0,2cos (X Standard
Q a o" ~ cos(y’ |values of Xo o 8in’(1 - 0,28in(y) |values of Yo
15° | 26,00° 0,5373 0,5 0,4647 0,46
20° | 28,7° | 10,5357 0,5 0,4201 0,42
25° | 31,@8° 0,5332 0,5 0,3757 0,38
30° | 35,3° 0,5306 0,5 0,3330 0,33
35° | 39,0° 0,5270 0,5 0,2941 0,29
40° | 43,0° 0,5237 0,5 10,2578 0,26
45° | 47,2° 0,5204 0,5 0,2245 0,22

NOTE - Vplues of factors X and Y_ for ( = 15%and 45 have not been
ihcluded in ISO/R 76, but have been:daid down as supple-

ment in ISO 76 - 1978,

Moreover], values for factors Xo and Yo for double row angular
contact [groove ball bearings,are 2 times the factors for single

row angular contact groove-ball bearings.

NOTE - Tgble 4-17 show$ the comparison between values for o’ obtained

by substituting 2r/Dw = 1,0325, 1,035 and 1,0375 and F, = Cor/2

2

=[0,6252DZcose¢  (kgf) 2

I

6,12927ZD%cos® (N) into equation (4-5)

and falues of 8¢’ by the approximate equation (4-30).

Table 4-17 Comparison between values of (I’by approximate
equation (4-30) and equation (4-5)

a 5° 10° | 15° 20° 25° | 30° | 35° | 40° | 45°

approxémate)equation 22,7° >24,0. 26,0° 28,7. 31,8' 35,3‘ 39,0° 43,0° 47,2
4-30

1,0325 | 23,1 | 24,2 |26,1°| 28,5 | 31,6" | 35,1' |38,9" | 43,0° | 47,3°

equation|2Z-[1,035 | 22,6 |23,8°(25,7°| 28,2°| 31,3 |34,9°|38,7° | 42,9° | 47,2°

(4-5) |"w

D
1,0375 | 22,2" | 23,4 |25,%°| 27,9°| 31,1°|34,1° |38,6° | 42,8° | 47,1
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Furthermore, values in table 4-18 may be obtained by adopting

the values of (  for Zr/Dw= 1,0325 and Fa = Cor/Z.

Table 4-18 Values of factors Xo and Yo for single row

angular contact groove ball bearings [Valuee

for ’are based on equation (4=5) for

2r/Dw = 1,0325 (see tahle 4-17).]

, X < 0s5co8Q Standard Y = 0,2co8 (X Standard
Q a o~ cos(y’ |values of Xo o 8inQ’(1 - 0,28in) valuet of Yo
15° {[26,1° 0,5378 0,5 0,4631 0)46
20° ||28,5° 0,5346 0,5 0,4228 o} 42
257 ||31,6° 0,5320 0,5 0,3779 0}38
30° |[35,1° 0,5293 0,5 0,3347 0}33
35° ||38,9° | 10,5263 0,5 042947 0429
40° ((43,0° | 10,5237 0,5 0,2578 0}26
45° ||47,3° 0,5213 0,5 0,2241 022

4.5.113 Self-aligning ball bearings and radial roller bearings

The cpntact angles for self-aligning ball bearings and radial

rollef bearings with (x-% O (tapered roller bearings and self-

aligning roller bearings) are constant and initially the foll-

owing| factors ¥y equations (4-14) and (4-16) have been adopted

[17]

= 0,5

lBingle row bearings : X
[+

dduble row bearings Xo

= 1

Y = 0.20c0t(Y
o L4

Y, = O,4cotq . (4-

The above factors were given in document ISO/TC L;/SC‘l N 43 but

the values of Yo was revised by the increase of 10 % as result

of the discussion at WG 3 meeting, Vienna, 1956 and specified

in ISO/R 76 (similarly in ISO 76).
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