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1. Introduction

This Technical Report gives supplementary background infor-
mation regarding the derivation of formulae and factors given
in ISO 281/I, Rolling bearings - Dynamic load ratings and
rafing life - Part T + Calculation methods

2. Brief History

2.1 1ISO/R281-1862

A first discussion on an international level‘of the question
of standardizing calculation methods for.(2oad ratings of
rolling bearings took place at the 1934 )conference of the
International Federation of the National Standardizing
Associations (ISA). When ISA held its last conference {n

1939 no progress had been made,. “However, in its 1945 rapdrt
on the state of rclling bearing standardization, the ISA 4

Secretariat included propegdls for definition of concep

T+
n

being fundamental for legad rating and life calculation
standards. This repo¥t was distributed in 1949 as docuhent
ISO/TC 4 (Secretariat-l)l, and the definitions it contained
are in essence those given in ISO 281/I for the concept
"life" and "basic dynamic load rating”.

172

In 1946, onythe initiative of the Anti-Friction Bearing
Manufacturers Association (AFBMA), New York, discussions
of load rating and 1life calculation standards were started
between bearing industries in U.S.A. and Sweden. Chiefly
on the basis of resuilts of scientific investigations by|G.
2 e 3 7 BMA
Standard "Method of Evalﬁating Load Ratings of Annular Ball
Bearings" was worked out and published in 1949. On the

same basis, the member body of Sweden presented in Feb., 1950
a first proposal to ISO, "Load Rating of Ball Bearings", doc.
ISO/TC 4/SC 1 (Sweden-1)1.

* figures in brackets indicate literature references in References.
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In view of results of further research, of a modification of
the AFBMA Standard in 1950, and of the interest also in
roller bearing rating standards, the member body of Sweden
submitted in 1951 a modified proposal for rating of ball
bearings, doc. ISO/TC 4/SC 1 (Sweden-6) 20, as well as a
proposal for rating of roller bearings, doc. ISO/TC 4/sC 1
(Sweden-7) 21.

Load rating and life calculation methods were then studied
by I1so/TC 4, ISO/TC 4/sC 1 and ISO/TC 4/WG 3 at eleven

different meetings during 1951 - 1959. An additional paper
.by Lundberg-Plamgren published in 1952 [2] was of-considerable
use, serving as a major basis for the sections regarding
roller bearing rating. ‘

The framework for the Recommendation ywas settled at TC 4f
WG 3 meeting in 1956. At the time, deliberation of the draft
for revision of AFBMA Standards was concluded in U.S.A. and
ASA B3 approved the revised standard. It was proposed to the
meeting by U.S.A. and discussed in detail, together with|the
Secretariat's proposal. *At the meeting, WG3 proposal wa

UT

prepared which adopted.-many partsof the U.S.A. proposal.

In 1957, Draft Proposal (doc. TC 4 N145) based on the WG
proposal was issued. At the next year's WG3 meeting, this
Draft Proposal was investigated in detail, and at the follow-
ing TC4 meéting, the adoption of TC 4 N145, with some miphor
ammendments, was concluded. Then, Draft ISO Recommendation
No. 278 as TC 4 N188 was issued in 1959, and ISO/R281 was
accepted by ISO Council in 1962.

2.2 1SO 281/I-1977

In 1964 the member body of Sweden suggested that, in view of

the development of improved bearing steels, the time had come
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to review R281 and submitted a proposal, ISO/TC 4/WG3 (Sweden-

1) 9.
revision.

However, at this time WG3 was not in favour of a

In.1969, on the other hand, TC 4 followed a suggestion by the

- member body of Japan (doc. TC 4 N627) and reconstituted i
WG3, giving it the task of revising R281.
rating working group had at this time started to work on

ts

The AFBMA load

a

revised standard, and the member body of U.S.A. submitted

the Draft AFBMA Standard "Load ratings and fatigue life(flor

ball bearings" for consideration, ISO/TC 4/WG3 (USA-1)})1]]
in 1970 and "Load ratings and fatique life for roller
bearings", ISO/TC4/WG3 (USA-3) 19, in 1971.

In 1972, TC 4/WG3 was reorganized and became . TC 4/SC8.
This proposal was investigated in detail at the five meet
during 1971 - 1974. The final proposal,(Third Draft Prop
(doc. TC 4/sC 8 N23), with some -amendments,was circulate
Draft .International Standard in 1976 ‘and ISO 281/I was ac
by ISO Council in 1977. |

14

ings
osal
d as
tepted

The major part of this International Standard constituted a

re-edition of R281, the substance of which was only very
slightly modified. BHowewver, based mainly on American in¥
gations during the 1960's, a new clause was added, dealin

with adjustment of rating life for reliability other than

and for material-and operating conditions.

Furthermore, ;supplementary background information regardi
the derivatian of formulae and factors given in ISO 281/]

to be published, preliminarily as ISO 281/II Explanatory
In 1979, however, TC 4/SC 8 and TC 4 decided to publish

Techn¥cal Report.

esti-

g
80%

ng
was

Notes
it as
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3. Basic Dynamic Load Rating

The background of basic dynamic load ratings according to
the standard ISO 281 of rolling bearings is in the Lundberg
and Palmgren papers listed as references [l1] and [2].

The formulae for calculation of has\'r‘ t:ynarmi_c_Lgard_Paja'rn_gs
of rolling bearings develop from a power equation that)»chn
be written as follows:

1 TSNSV
£n's_ o zo @00 e ev vees oveoaecesce (3"1)
where S = probability of survival

To= maximum orthogonal subsurface shear stress

18]

N = number of stress applications to a point o
the raceway
V = volume representative of the stress concent-
ration '
Z2o= depth of the maximum orthogonal subsurface
shear stress |
¢,h = exponents determined experimentally

114

e = measure of life scatter, i.e. Weibull slop
determined experimentally.

For "point" c¢ontact conditions (ball bearings) it is asspmed
that the volume (V) representative of the stress concentpa-
tion insequation (3-1) is proportional to major axis of the
projected contact éllipse (2a) , the circumference of the
raceway (&) and the depth (zg) of the maximum orthogonal|
subsurface shear stress (tg):

R S eeee (3-2)
Substituting (3-2) into relationship (3-1):

1 ToSN€ayg
fn 5 ~ “Fm=r- (3-3)

o) ’ ® @6 e 6 ® ®© 0 00 00 20 e CcOBG O TS
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culated Hertz contact ellipse is 1,5 times the effective

roller contact length:

In addition, b/a should be small enough to permit theUintro-

duction of the limit value of ab2 for b/a approaching 0:

2 . 3@ R e u . (3-5)
T
Eozp

(for notation see 3.1).

3.1 Basic dynamic radial load rating Cr for radial ball
bearings

From the Hertz's theory, the maximum orthogonal subsurface

shear stress T, and the depth 25 can be expressed in terms
of a radial locad Fr, ile. a maximum rolling element load
Qmax Or a maximum contact stress Omax and dimensions foxl the
contact area between a rolling element and the raceways.

The relationships are given as follows:

To = T Omax,

2. 5)T b,
3 (2t - 1)1/2
T T2e(t + 1)
= 1
Tt + 1) (2t - )Y I7Z.
- 3Q 11/3
1/3

- 30
b = V[EoZp]
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where Opax = maximum contact stress

t = auxiliary parameter

a = semimajor axis of the projected contact ellipse
b = semiminor axis of the projected contact ellipse
Q = normal force between a rolling element and the

raceways

Eo = modulus of elasticity

Ip
B,V = auxiliary quantities introduced by Hertzd{

curvature sum

Consequently, for a given rolling bearing 14, 2, %-and zq

can|be expressed in terms of bearing geometry, load and

revplutions. The relationship (3-3) is changed to an egquation

by

inserting a constant of proportionality. - Inserting a

spefific number of revolutions (e.g. 108)and a specific

rel

element load for basic dynamic loaderating which is designa

to

point contact rolling bearings introducing -a constant of

proportionality Aj:

iability (e.g. 0,9), the equation is solved for a rolling

ted

1,59c+1,41h-5%,82

whelre Q¢ = rolling element load for the basic dynamic locad

rating of the bearing
Dy ¥ ball diameter

_ 1,3 2r 0,41 (1 Ev) c~h+2
Qc = 2c+h-2 3e l[Zr—Dw} ' 3e
4 c-h+2 0,5 c-h+2 (1+y)c—h+2
3 2c+h-5 _ __3e (3-6)
Y \c-h+2 c-h+2 c-h+2 """ttt tteteT
x'(cosa) Dw Z

Y = Dwcosa/Dpy

Dpw= pitch diameter of ball set
¢ = nominal contact angle

Z = number of balls per row.

( x

is used as multiplication symbol.)
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The basic dynamic radial load rating C] of a rotating ring
is given as follows:

cy = Qc;wcoscxg-;i_= 0,407Q0]12C0OSA. |  eeeeennnn (3-7)

The basic dynamic radial load rating C2 of a stationarxy
ring is given as follows:

C2 chzcosa%§ = 0,389Q,3%cosa eecileveas (B-8)

‘where Qcl = rolling element load for the basic dynamic load
rating of a ring rotating relative to the applied
load |
Qc2 = rolling element load forvthe basic dynamic load
rating of a ring stationary relative to the|

- applied load

Jr = Jr(0,5) = radial .load integral (see table 4-1)

J1 =J1(0,5) = factor relating mean equivalent load
onia rotating ring to Quax (see
table 4-1)

J2 = J2(0,5) = factor relating mean equivalent load

on a stationary ring to Onpax (see
table 4-1).

The relationship among C, for an entire radial ball bearing,
C; and:Cy is expressed in terms of the product law of
probability as follows:

: 3
PPN EEAYA RN c-§+2] ~ "ch¥2. . (83-9)
R BN

Substituting equations (3-7), (3-8) and (3-6) into equation
(3-9) , the basic dynamic radial load rating C,, for an entire
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ball bearing is expressed as follows:

1,59¢c+1,41h-5,82

r = % o5gh-2 3e 71 |2ri-Dy) e

[

4c~h+2 0 "sc—h+2 1+ c-h+2

3

x: Y(‘.-l'l.-!"z

1,59c+1,41h+3e=5,82)eshe2| _ | 3
. _n.0.,41,1- c~h+2 3 |e=h+2
fu oy

. \ riel} 1+Y
L L ~

c-h-1 c-h—-3e+2 2c+h—-5

eoh¥2 g o2 g e Y e (K1)

4

% (i cosa)

where A] = proportionality constant determined experimentally

H
| il
]

cross-sectional raceway groove radius of .innefr ring

H
o
]

cross-sectional - raceway groove radius of outer ring
i = number of rows-of balls.

Here, a contact anglé &, number of rolling elements (ballfg)
2 and the diameter Dw depend on bearing desigh. On the ofther
hand, the ratiog jof raceway groove radii r; and rp, to a half
Jiameter of alrolling element (ball) Dw/2 and y=Dycosa/Dpw
hre not dimensional, therefore it is convenient in practifce

tﬁat the’value for the first three lines in the right side of
equation (3-10) is designated as a factor fc.

Consegquently,

c-h—-1 c-h-3e¥2 2C¥a=5

Cr = folicosa)STR*2 g CTh*2  poemhi2 L -1
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With radial ball bearings we must consider the faults
in bearings resulting from the manufacturing, and a reduc-

tion factor A is introduced
dynamic radial load rating
its theoretical value, and

to reduce the value for a basic
for radial ball bearings from
it is convenient to contain the

factor A in the factor f.. The value for the factor Avdls
determined experimentally.
Consequently the factor fo is given as follows:
1359¢c+1,41h-5,82
£ = 041 1,3 w2m 100 acyy cht2
c ? 2¢c+h-2 3e 1 2rji-Dy 3e
4c-h+2 0, 5<:--h-f-2 1 +Y)c—h+2
3
- _c=h+2
Xy
1 1,59c+1,41h+3e-5,82) c-h+2]| _ 3
{14 1. 06 (Ex e Bry " 1oy c-ht2 - 3| eh+2
X TT\rg 2r; B, (1+y
o e s e eecososoesocae (3-12)

Based on the,original experimental work by Lundberg and
Palmgren with ball bearings the following values were assigned
to the eXperimental constants in the load rating equations:

e = 10/9

c = 31/3

=773~

Substituting the numerical

values into equation (3-11) gives

the following, however, a sufficient number of test results
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10

are only available for small balls, i.e. up to a diameter

of about 25 mm, and these show that the load rating may be
taken as being proportional to le,B. In the case of larger
balls the load rating appears to increase even more slowly
in relation to the ball diameter, and Dyl:4 can be assumed
where Dy > 25,4 mm

0,722/3p,1,8 (Dy < 25,4 mm), ...(3-13)

Cr = 3,647£o(icosa) 7722 3p, 9% (n, 5> 25,4 o), ...(3-14)

g 2r; 10,41 0,3 (1-x)%,39
= —<Ti Y- :
fe 0,089A; x 0,411[2ri_DJ (1+y) 173~

0
H
]

fo(icosa)

B 1-yy1,72(xry 2re-Dyy 0541110/3]-3/10
b4 [14—{1,04 (l""Y) ’ (KXEE-_—D'W‘L) } ] .

® 9900000 Gse s sV e ‘3"‘“15)

Values for f£¢c on table 1 in ISQ. 281/ are calculated from
substituting raceway groove xradius and reduction factor which
are given in tazble 3-1 into equation (3-15).

The value for 0,089Al i{s 98,0665 to calculate Cr in Newtons.

3.2 Basic dynamic axial load rating Ca fof single row

thrust ball bearings

3.2.1 Thrust ball bearing with contact angle o # 90°

Similarly according to 3.1, for thrust ball bearings with
contact angle o # 90°:

c-h-1 C-h-3e+2 Zc+h=5
Ca = fc(cosa)c-h+2 tana 2 <c~h+2 Dy c-h+2 . ..... (3-16)

For most thrust ball bearings the theoretical value of a
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basic dynamic axial load rating must be reduced on the basis .
of unequal distribution of load among the rolling elements
in addition to the reduction factor A which is introduced in
radial ball bearing load ratings. This reduction factor is
designated as n.
Consequently, the factor f. is given as follows:
1,59c+1,41h=5,82 3
£ oy 143 r2m 9% a-v SRz 3Bz
e AT 3c+h-2 3 Ali25;-D, 3e
c-h+2 c-h+2 c-h+2 '
4 0,5 (1+y)
1,59c+Y,41h+3e~5,82 ) c~h+2 7 N 3
x| 1+ kn rg—gd\O 41(__1) ¢-h+2 P33 t c~h+2
Te Zrl—nd 1+Y, d
S e o0 eceecsmcsoonas ‘3—17)
Substituting experimental ¢dnstants e = 10/9, ¢ = 31/3|and
h = 7/3 into equations {3-16) and (3-17), however, consider-
ing the effect of ball 'size similarly,
Ca = fo(cosn) ®77tana 2% 30,18 oy ¢ 25,4mm), |. (3-18)
Ca = 3,647fc(cosa)0’7tana 22/3le'4 (Dw > 25,4mm), . (3-19)
-v) 1,39
= _2n 10,41 y0,3(1-v)1,
10/34 -3/10
\r,_ 23Dy’ \l+y/ J - °

ceecececccccccncnane . (3-20)

E)

1"
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The value for 0,089A; is 98,0665 to calculate C5 in Newtons.
Values for fo on the right column of table 3 in ISO 281/I

are calculated from substituting raceway groove radius and
reduction factor which are given in table 3-1 into equation
(3-20).

3.2.2 Thrust ball bearings with contact angle a = 90°

5imilarly according to 3.1, for thrust ball bearings with
contact angle a = 90°: '

c-h-3e+2 2c+h-5

Ca =fc 2 c-h+2 ch—h+2 , cecsseengDeccccnnan (3-21)
. _ 3
o = A 1,3 A [___2_;1__]"’41 =h2
c - n ZC+h-2 3e l zri_Dw
4c-h—r-_z.o’sc—h-i-z
0541 c=h+2, _ 3
Ii 2re-Dw } 3 c-h+2 _

in which vy = Dw/Dpw.

Substituting experimental constants e = 10/9, c = 31/3 and
h = 7/3 into eduations (3-21) and (3-22), however, consigering
the effect of-ball size similarly:

Car= fCZZ/Ble’a (D < 25,4mm) ¢ secses we. (3423)
Ca = 3,647fc22/3Dw1’4 (D > 25,4mmM) , <eecccoes (3424)
fc = 0 ossAlxn(zr Z- 0,41 _0,3 -

1+ T rg-Dw 0,41
Te 2r,_-Dw

}10/3} -3/10
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The value for 0,089A3] is 98,0665
$

Y cemman
on the left column

are calculated from substituting

ISO/TR 8646-1985 (E)

“to calculate Ca in Newtons.

of table 3 in ISO 281/I
racewvay groove radius and

reduction factor which are given in table 3-1 into equation
(3-25).
3.3 Basic dynamic axial load rating Ca for thrust ball bearings
with two or more rows of balls
According to the product law of probability, relationshilps
between the basic axial load rating of an enti¥e thrust ball
~bearing and of both the rotating and stationary washers
are given as follows:
__3
- S-h+2 . c=h$2/0 c~h+2
3 _
Cak = [calk + Ca2x ] ’ eeee-- (3-26)
Calk = Qcl sina Zg |
eecccccsccsaseas (2-27)
Ca2k = Qc2\Sina Zg, |
_c-h+2 _cmhe2 - 2
Ca = [Cal 3 o+ Ca2 3 } 4 ®eooceoveve (3"28)
n.
o = sina ¢ 2
al Qc1 gE1 k,
P ecococwcscoes (3-29)
c ina I ' |
= sina Z
a2 = Qc2 x&y %
where/ Cax = basic dynamic axial load rating as a row k| of
' an entire thrust ball bearing )
Caix—=-hasic dynamic axial load ratingas—a row k of

the rotating washer of an entire thrust ball

bearing

13
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Caox = basic dynamic axial load rating as a row k of
stationaty washer of an entire thrust ball
bearing

Ca = basic dynamic axial load rating cf an entire
thrust ball bearing

basic dynamic axial load rating of the rotating
washer of an entire thrust ball bearing

0
R
]

ial load rating of the stationgry

(g]
[+
N

]

t

f.

U

F

(

£
~

;

F

washer of an entire thrust ball bearing
£

£

- = number o
K B @ WA - — -

" substituting equations (3-29), (3-27) and (3-26)_into equa-
tion| (3-28), and rearrangement of equation (3-28) gives:

c~h+2 c-h+2 3

(chsina.; z)" 3 +(Qczsine 3 z)T 3 | <ar2
c. = |B k=1 k=1
a kgl Zk n _c-h+2
3
(u&y %)
_gohe2 _c;hiz_}—c_;z ]-"“;*Z NN
-2 n [{(chsinc'.zk) 3 +(Qc2sincZy) 3 g¢-h+2
kél zk kEl _c-h+2
Zk 3
c-h+2 3

| = n(__zg_) 3 | c-h+2
ki1 z"{ K21 \Cak :

Subﬁtituting experimental constants ¢ = 31/3 and h = 7/3,

Ca = (2] + 22+ 23+ ..ocvvn. ceeeees *+ 2p)
27 \10/3.; 22,10/3 /23 10/3 Zn \10/3 1 -3/10
[ED T ey e o Rl

14
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The load ratings Cal’ Ca2’ Ca3’ ceea- Can for the rows

with Zyr Zor Z3s eeees N balls are calculated from the

appropriate single row thrust ball bearing formula in 3.2.

3.4 Basic dynamic radial load rating Cr for radial roller

bearings

By a procedure similar to that used to obtain equation ¢(3+10)
for point contact in 3.1, but applying (3-4) and (3-=5)., the

basic dynamic radial load rating of radial roller béarings

U7

(line contact) is obtained :
c+h-3

— 2
-h+1
: _ 1 (1-y) € c-h+1 .
Cr = 0,377 7e Bl Sa Y
2c-h+1o’5c-—h+1 (1+Y)c-H+l

c+h+2e-3\, ‘c=h+l__ 2
x [1+ {1,04(_1“Y) c-h+1 } 2 ]c—h+l

1+v;
c-h-1 c-h-2e+1 " c+h-3
x-(iLwecosa)c—h+l 2 c-h+l Dwe c-h+1

cececensceses (31+31)

where B; = proportional constant determined experimenthlly
Y =\Dwecosa/Dpy
DyeH= mean roller diameter
a 1: nominal contact angle

Dpw = pitch diameter of roller set
Lye = effective contact length of roller
number of rows of rollers

-
i

Z = number of rollers per row.’

Here, a contact angle @, number of rollers Z, the mean
diameter Dye, and the effective contact length L. depend

15
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on bearing design. On the other hand, y = Dyecosa/Dg, is
not dimensional, therefore it is convenient in practice that the

value for the first two lines in the right side of equation
(3-31) is designated as a factor fc.

Consegquently,

c-h-1 c-h-2e+l c+h-3

Cr = fc(leecosa)c ~h+l ; c-h+l Dwec-h+l. e@e (3132)

For the basic dynamic radial load rating for radial roller
bearings adjustments are made to take account’of stress
concentration (e.g. edge loading) and of the use of a con-
stant instead of a varying life formula‘exponent (see
clause 5). Adjustment for stress concentration is a reducH
tion factor A and for exponent variation a factor v.
It is convenient to contain both'factors - which are detern-
mined experimentally - in the; ‘factor fc, which consequentlly

is given as follows:

c+h-3 5
“h+l ——r
_ 1 (1-v) € C—h+1
fo = 0,377y =TEoT 5a By TR
2c—h+lo,5c-h+l (l+Y)c-h+l

c+h+2e-3 | c-h+l 2

[1+ {1 0464‘ c—h+l } 2 ] BT (433

The Weibull slope e, the constants c and h are determined

| ekperimentally. Based on the original experimental work by

Lundberg and Palmgren with ball bearings and subsequent
verification tests with spherical, cylindrical and tapered
roller bearings the following values were assigned to the

experimental constants in the rating equations:

16
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¢
LI
2
LN &
w NN
LU I« «

b
8
H
wf
~
Li

Substituting experimental constants e = 9/8, © = 31/3 and

h = 7/3 into eguations (3-32) and (3-33),

Cr = fc(iLweCQSa)7/923/4Dwe29/27,

ceccnsegr@ese (34

72/9(1“Y)29/27

fo = 0,4838] X 0,377\ T T

ceeees (34

X {17{ 1,04 %+z 143/108} 9/2] —2/9.

The value for 0,4838l ig £51,1337Q% to calculate Cr in N4
Values for £. on table 5 in IS0 281/% are calculated from

substituting reduction facter which is given in table 3-2
into eguation {3-3%5).

3.5 Basic dynamic axlal leoad rating Ca for single row tH

34}

35)

wtons.

rust

roller bearisis

3.5.1 Thrust roller bearings with contact angle a # 90°

Extensiomof 3.1 gives:

c~h-1 c~h-2e+1 c+h~-3
C, = fc(Lwecosd)c"h+l tant 72 c-h+1 Dwéc_n+l.

....... :—g----' (3—

36)

For thrust roller bearings the theoretical value of a basic

dynamic axial load rating must be reduced on the basis of

17
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unequal distribution of locad among the rolling elements in

addition to the reduction factor A which is introduced in

radial roller bearing load ratings. This reduction factor

is designated as n.

Consequently the factor £, is given as follows:

c+h-3 2
c-h+l —r—
= 1 (1-v) € c-h+l
fc AVN—gp=T 7 B1 Z2e Y
2c-h+lo’5c-—h+l .(1+Y)c—h+l

c+h+2e-3 . c-h+l 2

l+y

Substituting experimental constants. & = 9/8, c =31/3 and
h = 7/3,

The value for j-0,483B; is 551,13373 to calculate C, in New

are calcdulated from substituting reduction factors which
given:in table 3-2 into egquation (3-39).

3.5.2 Thrust roller bearings with contact angle o = 90°

Extension of 3.1 gives:

5 [1+ { Loy o-RiL } 2 ]-c-h+l. o (a-hn

Values for f. on the right column of table 7 in ISO 281/7

c, = fc(.i’..wecoscz)7/9 tang 2374 Dwe29/27' ........ (3-38)
2/9 29/27
= Y (1-v) 1-vy143/1083% 9/2 | -2/9
fo = 0,483B3Avn T 7 [1+ {(IE?) / } / ] /

......... eeeee (3439)

cons.

are
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c-h-1 c-h-2e+l c+h-3

c, = chwec—h+1 7 c-h+1 Dwec~h+l' e (3-40)
2 __ 2
fo = Avn c+h-ll - Bch-h+l 2 c—h+l. . (3;41)
2c-h+lo’sc-h+l

Substituting experimental constants e = 9/8, ¢ = 31/3)and
h=17/3,

2
Ca = felwe 727047, kSl (3-a2)

fc=0’4lBlAvnY2/9- LA I I A T I R R (3-43)

The value for 0,4131 is 472,45388 to(galculate C5 in Newtons.

Values for fo on the left column of table 7 in ISO 281/1
are calculated from substituting reduction factors which
are given in table 3-2 into eduation (3-43).

3.6 Basic dyaamic axial load rating Ca for thrust roller

U

bearings with twd’ or more rows of rollers

According to the product law of probability, relationships
between the basi¢ dynamic axial load rating of an entire
thrust roller\bearing and of both the rotating and statipnary

washers ape-given as follows:

_c-h+l _c-h+l __ 2
= 2 “h
Cak = [Calk 2 + Cazk ] < h ll sceccccee (3-44)
C P o WP | o
TRk Vclaa.uuakuwek , , .
' ® o e 0 e seeceoe e (3-45)
Ca2k = Qc2sinaZpLyek
/7

19
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_¢~h+l _e=n+l b
2 ~ 2 c~h+1
= [ .48
Ca [Cal +\—a2 J ¢ C A A 2R B ,\‘3 ‘ﬁb;
o I .
C - Q Sing R
al cl Z:: Ak_dwek JE
. Y O (. T S iy
. 1 {
C ~ =0 _~sine © rAPa s
Qs ez = R=WER ]

k=1
where C_;, = basic dynamic axial load rating as a gow k ¢f
an entire thrust roller bearing
Ca1x= basic dynamic axial load ratingas a row k of
the rotating washer of an entike thrust zuller
bearing
Ca2x= basic dynamic axial locad-¥ating as a row k ¢f
the stationary washer &€ an entire thrust
roller bearing

Ca = basic dynamic axiald lcad rating of an entir:

i

thrust roller bearing
Ca1 = basic dynamicaxial lcad rating of the rotating
washer of am entire thrust roller bearing

washer ©of an antire thrust roller bearing

2y = number of rollers as a row k.

Substituting egquations (3-47), (3-45} and (3-44) into egha-

tion (3-4¢), and rearrangement of eguaticn (3-46) gives:

20
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c-h+l c-h+l 2

a -
Ca = I Zxlyex

n _c-h+l n _ _
[(chs“ak?lzkl“’ek) 2 +Qezsinal Zilwek) 2 :l c—htl

k=1 c-h+1l
n - ——
( z ZkLuek) 2
k=1
) 2 o&hn 2
c=h+l c-htiy- & -
2oy [o Honsing sy 2 ropstnazaue 2 ) R R TTeRE
g=1 “kwek k§1 _c=h+l
o n c-h+l 2
= JE Zlper| T (Beluey 2| ©TRH
=1 k=1\ Cak / .

Supstituting experiinéntal constants e .= 31/3 and h = 7/3;

Cal = (Z21Lyel + Z2Lye2 + Z3Lwe3 +'-.... + Zplegen)
x (Zleel) 9/2+(22L§122\ 9/2+(Z3L~.zg3) 3/2 +(Zanen 92 -2/
Cal Ca2 '/ Ca3 Can -
oooooooooooo e oo (3-48)
The load ratings,(C€z31r Ca2, C33, +---. r Can for the rows wilth
ZlU, 22, 23, ..Ml v+ Zn rollers of lengths Lyel., Lye2: Lye3:

edeeer Lyyen-8re calculated from the appropriate single row
tHrust roller bearing formula in 3.3.

21
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TABLE 3-1 — Raceway groove radius and reduction factor
for ball bearings
TABLE No. in 5 . . Racewag.groove Reduction |
IS0 281/1 earing type __radius factor
ri | re A | n
Single row radial contact
groove ball bearings
Single and double row 0,52D, 0,95 -
angular contact groove
ball bearings
Double row radial.contact 0.52D 0.90 _
TABLE [1 groove ball bearings ’ w ’
Single and double row 3
self-aligning ball 0,530, {0,5(=+1)D, |1 -
bearings Y
Single row radial contact
separable ball bearings| 0,352Dy ©o 0,95 -
(magneto bearings)
TABLE |3 Thrust ball bearings 0,535Dy 0,90 1-53““
NOTE - Values for f. on tables.l"'and 3 in ISO 281/I are calculated
from substituting raceéway groove radius and reduction factor
in the above table(3-=1 into equations (3-15), (3-20) and (3-25°
respectively.
TABLE 3-2 — Reduction factor for roller bearings
: Reduction factor
TABLE No. in ; ,
Isq 281/T Bearing tyvpe ~ -
TABLETS Radial roller bearings 0,83 -
TABLE 7 Thrust roller bearings 0,73 1-0,15 sina

NOTE — Values for f. on ‘tbales 5 and 7 in ISO 281/I are calculated
from substituting reduction factor in the above table 3-2

into equations

(3-35),

(3-39)

and

(4-3) respectively.
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4. Dynamic Equivalent Load

4.1 Formulae of dynamic equivalent load

ISO/TR 8646-1985 (E)

- 4.1.1 Theoretical dynamic equivalent radial load Pr for

— Single row radial bearings

If the indices 1 and 2 are assigned to the ring which

rotates relative to the direction of load and the statipnary

where Qpax =

ring respectively, then the mean values of the rolling
element loads which are decisive for a single row radial

bearing ring's life are given by equations:

=Fr J1 _ __Eal J1

Qcl = Omax J) Z cosa Jyr Z/sina Jda ’
F J F J
ch = Qmax J2 = X ._2. PR - S ._g

Z cosa J¥\ Z sina Ja

maximum rolling element load

J1 factor relating Qcj to Qpax
J32 = factor)relating Qc2 to Qpmax
Fr radial load

Fa dxral load

Jr radial load integral

Ja axial load integral

2 number of rolling elements
a nominal contact angle.

(4-1)

Radial and axial load integrals are given by following @quations:

+2, -

Jr = Jr (g) =<§;5 [l—gz(l—cos¢)]tcos?d¢,
+¢

Ja = Ja (€) =-%;5 [l-gé(l—cos¢)]t de

eee. (4-2)

23
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where t = 3/2 for point contact
= 1,1 for line contact
¢o = one half of the loaded arc
¢ = parameter indicating the width of the loaded zone
in the bearing.
Introducing the noﬁation
) 1
+9 =
1 ° 1 t
J(t;s) = [555 (1 - 5%(1 - cosg)] dpl%, iGeee.. [(4=3)
“¥o
Jy = 31(8) = J3(9/2;3), J2 = J2(e) = 3(5;10/3),
o e (4-4)
Jl = Jy1(e) = J(9/2;4), Jz = J2(e) =7(5;9/2 )
for point and line contact respectively.

(€=0.5)

Qecl =

Pr1 J1(0,5)
Z cosa Jr (0y,5)’

table 4-1.

From equations (4-1), (4-5) and
By _ (Bzn,)Y , (Br)¥
( r) (Cl ) + (Cz )

i‘s) obtained

Qc2 =

[f Prj and Pr2 are the dynamic eguivalent radial loads fo
respective rings, then with radial displacement of the ri

Pr2 J2(0,95)
Z cosa Jr(0,5)

ooooo

where the values(Jj(0,5), J2(0,5) and Jr(0,5) are given i

r the
ngs

(4-5)

n

1
w
Pr _[ (Cr 3r(0,5) J1,¥. (Cr Jr(0,5) J32,¥
Fr [(cl 31,5y a2 * (&3 72(0,5) 37 ’
l -
Pr - [ J1__y¥, (Sx 92 )W w Jr(0,5)
Fa cota C1 J1(0,5) C2 J2(0,5) ] Ja

24
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where Cgp
C1

£ 0
N
LI | .|

basic dynamic radial load rating

pe (p=exponent in life formula,

- e=Weibull slope)

ISO/TR 8646-1985 (E)

basic dynamic radial load rating of a rotating ring

basic dynamic radial load rating of a stationary rinc

J2(0,5) and w

TABLE 4-1 — Values for Jr(0,5), Ja(0,5)4; J1(0,5)

. . Point and
Point contact Line contact line contact
Single [ Double | Single | Double Singlel' Doublfe
row bearing row.bearing row bearing
J,(0,5) 0,2288 0,4577 0,2453 0,4906 0,2369 0,4730
-Ja(0,5) 0,2782 0 0,3090 0 0,2932 0
J1(0,5) 0,5625 0,6925 0,6495 0,7577 0,6044 0,7244
JZ(O,S) 0,5875 07,7233 0,6744 0,7867 0,6295 0,7543
J¢(0,5)/3a(0,5) | 0,822 - 0,794 - 0,808 -
Jx(0,5)/3:(0,5) 0,407 0,661 0,378 0,648 0,392 0,654
J£(0,5)/32(0,5) 0,389 0,633 0,364 0,623 0,376 0,628
J2(0,5)/J1£655) 1,044 1,038 1,041
0,398 0,647
J£(0,5) 0,371 | 0,635 | 0,38 | 0,641
vJ1(0,9) -J,(0,3) (20,40) |(=0.65)
[ W 1043 942 386/47
21-1/w 1,625 1,714 1,669

25
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" For €=0,5 and fixed inner ring load (C1=vCe, C2=Ci/V),

For radial displacement of the bearing rings (e=0.5) and fixed
outer ring load (C3=Cj, basic dynamic load rating for inner
ring, C2=Ce, basic dynamic load rating for outer ring) from
equation (4-6) is found

Jr (0,5) :
= = S =
Py Fr Ta(0,5) Fy cota

= (0,822 *ee 0,794) Fa COtG e0 000 0eces oo a0 (L‘7)

for point and line contact respectively.

it is found

Pr=V?r ® e ® e s e 00 oo ® ® 0 ® 0 00 0000 0 0000000000000 (4-8)

where V is the rotation factor.

The factor V varies between 120,044 and 1:0,038 for point| and

line contact respectively. .Zn ISO 281/I, the rotation fagtor
V¥ has been deleted.

NOTE — The value.©f 1,2 for the rotation factor V wps
given in-ISO/R281 for radial bearings except

self-aligning ball bearings as safety factor|.

For axial displacement of the bearing rings (e=o0 and fixed
outer ring lead (C;=Cj, C2=Cg),

Jr (0,5)

S = Ciy Jri0,0) -
Pr haad YFa, Y - fl(ce) Jl(O,S) COtG.- ® e e o o0 0 oo (4 9)

The factor fl(g%) varies between 1 and 1l/v = J3(0,5)/J32(0,5).

Introducing as a good approximation the geometrical mean
value 1//v between these two values (see table 4-1),
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Y:ml(o,s).Jz(o,s) Cota. ®@ & 0 e v 00000000 0o

(4-10)

For non self-aligning bearings consideration must be given

to the effect of the manufacturing precision on the factor y.

 The value of Y given in equation (4-10) is corrected by
reduction factor n.

Yl = Y/n' ® ® S 04000000 00000 ev 00 eds e eesesoe

For combined loads, equation (4-6) gives rélated values
Fy/Pr and Fa cota/Pr corresponding to the. curves given i
figure 4-1 for the limiting cases C;/C2= 0 and C3/Cy = 0.

The points A represent €=0,5, that is radial displacemen
of the bearing rings. For thesé points,

Fa = (1’22 oo 1,26) Fr tana ----- e e e v e oo

for point and line contact respectively.

4.1.2 Theoretical dynamic equivalent radial load Pr for

the

(4-11)

of
n

t

(4-12)

double (row radial bearings

For doublefrow radial bearings, the indices I and I are
assigned\to the respective rows. The determining factor
for life of the rotating and stationary rings are the me
value’s

Qer—J 1 OmaxI7 Qe =J7 Onaxt e T e

an

(4-13)

27
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where

2 -

w OmaxIT . W w
Jl =[Jl(€I) + ('Q-‘—X_I") Jl(en) ] 7
a 1
maxT W Wlw
3, =[J2(SI)W + (GE) gy (em) ]v.

ceccases (4-14)

For a bearing without internal clearances,

€I+€E =1 for €1 Sl,
} ee@e s 0o coevvecvevoeon (4-15)

€ 0 for er 2 1.

28
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If we introduce the values of Jr, Ja, J1 and J, for double

row bearings, then the equivalent bearing load is obtained
from the same equation (4-6) for single row bearings.

Jr(0,5), Ja(0,5), J1(0,5) are here the values valid for

€ = €x= 0,5 (see table 4-1).

The bent curves given in figure 4-2 are found for the lamiting
cases C4/Ci= 0 and C/Ci= 0.

Both rows are loaded if e¢1 < 1, that is if
Fa < (1,67 -+ 1,91) Fr tanc cecccccesncaansa. (4-16)

for point and line contact respectively.

Only one row is loaded if Fa is greater than that value.
In that case the life for double row. bearings can be cal-
culated from the theory of single, row bearings as well as

" from the theory of double row bearings.

If Pry is the equivalent radial load for the loaded row
considered as a single row bearing and Pr is the egquivalegnt
load for the double row bearing,

PrI—CI . e e e e 0 e s 0000 cmvse ®o ©® 00000000 ee (4-17)

Figures 4-=1 and 4-2 are calculated on the assumption of &
constant contact angle. Figures 4-1(a) and 4-2(a) are also
approximately applicable to angular contact groove ball
bearings, if cota' is determined from the following formula.
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cos®  _ 3/2 50t = __C 3/2 __Fa
(cosa' l) /2sinat = <2r/DW -l) / Z Dyle *°°°- (4-18)

"e" is a compression constant, which depends on the modulus
of elasticity and the conformity 2r/Dw, where r is a cross-
sectional raceway groove radius and Dw is ball diameter.

.1.3 Theoretical dynamic equivalent radial load Pr for
radial contact groove ball bearings

Pigure 4-3 is applicable to radial contact groove-‘ball
- bearings. The curve AC has been determined from eguation

(4-6) and approximate formula

tana' = (52732__ 3/8<1 - 3/8<Jal§gw )1/4 cee. (4-19)

End gives the functional relationship between Fr/Pr and
a cota'/Pr, where a' is the .Contact angle calculated frdgm

the following formula (1]

tana' = (7,_;7%9;1)3/8(1—2%—:7—)1/4- eeeeeaeaae. (4-20)

rhis formula is (obtained from formula (4-19) for a centric

hxial load Fa and Fr=0' i.e. &=62 and Ja= 1.
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1,2
i —
A C
— &0
: C2
0,3 \\
sls \
0,4 \
0 1,0 2,0 C 3,0
Fa cota’
Pr
FIGURE 4-3 — Dynamic equivalent load Pr for
radial contact groove ball bearings
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4.1.4 Practical formulae of dynamic equivalent radial load Pr

for radial bearings with constant contact angle

From a practical standpoint it is preferable to replace the
theoretical curves in figures 4-1 and 4-2 by broken lines
A1BC for single row bearings and ABC for double row bearings

in f3i gure 4-4

b A
- 10[A1 B
NS ¢ /]
Ll & & :
<& s |
Y I
Q’”/ |
' |
| C
0 £ a
cotx/ Y| |

Fa cota
Pri

FIGURE 4-4 —\Dynamic equivalent radial load for radial

bearings with constant contact angle d
The equation for the straight line A;B in figure 4-4 is

Fr/Pr1 = 1.

Therefore, for Fo/Fy & Etanc, we have

PrI=Fr © e o e @0 o
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|line BC, we find for Fa/Fr > &tana

Therefore, for Fa/Fr £ ftana we £ind

pr = 217 Yoo = pr o+ (21"1/"’—1)—-————‘:05tm Fa -
= X3Fr + YsFa
Y eeess (4-23)
where
x3 =1, ¥3= (2"l cota. -

g

Further, from the equation (4-22) which represernts straight

Pr = Zl-l/wPrI = 21"1/wxlFr + 21~l/leFa'
= XoFr + YzFa SERTEE (4-24)
where
_ 1-1/w _ lsl/w
Xy = 2 /%1, ¥p =2 Y- :

Integrating the above, \table 4-2 shows the formulae of dynamic
equivalent load Pr for radial bearing with constant contact
angle and of factors X and Y.
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TABLE 4-2 — Formulae of dynamic equivalent load and

of factors for radial bearings with constant

contact angle a

Single row bearings

Double row bearings

———

Fa/Fy < e Pr = Fr Pr = X3Fr + Y3Fa
Formulae
Fa/Fy > e Py = XjFy + Y;F4 Pr = XpFy + YyFa
Radial load factor X R (0 Ji) %lexl.- Yo vy = 2/
’ ?
and X3 =1
Jr(0,5)cota -
axial load factor Y Y = /Jlﬁé,;))-fT;(O,g—T—% Y3 .= -]-,f:'-(Z1 I:/w-l)cota
e e =/Etana

4.1.5 Practical formulae of dymamic equivalent radial l¢ad Pr

for radial ball bearings

Generally, the contact angle of radial ball bearings varies

with the load, but table“4-2 can be approximately applicable

to angular contact-groove ball bearings, if a is replaced by

contact angle a' under the axial load Fa given by the

equation (4-18) (

Therefore, a¢cording table 4-1,

Xy

X2 =

X3‘

1- 0,4 %
1,625 X;,
1,

Yy =‘6;4 cota’,
Y, = 1,625 Y3,

Y3 = Q_Le_é cota’?

cececcsecs [4-25)
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For single row and double row radial contact groove ball

bearings, the theoretical curve in figure 4-3 is replaced by

the broken line A}BC in figure 4-5.

1.0 A4 8

<
YA
’

C
0 £ a
Fa cota’
Pr
FIGURE 4-5 — Dynamic equivalent radial load for

radial contact groove ball bearings

Fpor this type of bearings,

]
Yl = Yz = 0,4 'c—g-%a—-’ cccccccccccccccc ® ® o 0o 0w
X3 =4, Y5 =0. i

Hor self-aligning ball bearings, the contact angle can be

gonsidered as independent of the load (a' = @), and also

4-26)

h]
E )

T -
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4.1.6 Practical formulae of dynamic equivalent axial load Pa

for thrust bearings

The radial and axial load factors Xz and Y, for single and
double direction bearings with a # 90° are obtained on the
basis of the formulae of dynamic equivalent radial load Pr

for single row and double row radial bearings, respectively.

That is, for single direction bearings, when Fz/Fy 3 ftana,

YiPy = Pr = XjFp + ¥Y3F5.

L]

So

P, = %% Fr + Fa }
= XalFr + YalFy L N e e e e (4—27)
where
- Xal = X1/¥3, Ya1 =1 )

and for double direction bearings, when Fa/Fr.> Etanag, also
.then '
X2

Pa=?—£Fr+Fr

= Xa2Fr + Ya2Fa
& s e evecoace e e e ecocveveanas - (4-28)

wherxe

Xaz = XZ/YZ’ Yaz = 1. J

Further, when Fa/Fr ¢ £ tana, approximately

Y,Py = Py = X3Fp + Y3F,,
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therefore

g' e eecoeoev000000 e o0 4-29)

= Ya/¥,.

-~ . - 2 -
2, *a3 3/%2° |

Integrating the above, table 4-3 shows the formulae of dy-
namic equivalent load Pa for thrust bearing$)and of factgrs

TABLE 4-3 — Formulae of dynamig equivélent load and
of factors for thrust bearings

Single direction Double diregtion
bearings bearings
Fa/Fr < e -_— P, = Xa3Fy (F Ya3Fa
Formulae
Fa/Fr > e Pa = X31Fr + YalFa Py = Xa2Fr [F Ya2Fa
Radial load factor-X/ X.1 = X1/Y1 Xa2 = X2/Y9
and Ya =1 Ya2 =1
Xa3 = X3/12
axial load{fagctor Y, Ya3 = ¥3/13
e e = ftana
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4,2 Factors X, Y and e

4.2.1 Radial ball bearings

a) Values of &

For single row radial contact groove ball bearings, G.

Lundberg and A. Palmgren [l] gave a value of £ = 1;2 based

on the results of tests, and for other bearings ¢ .= 1,5

which are close to the theoretical curves. However, based
on later tests, ISO/R281 takes values of ¢ = 1505 for radial

contact groove ball bearings and single row._angular contact

groove types with a = 5°; & = 1,25 for other angular contact

groove types, and § = 1,5 for self-aligning types [3].
b) Values of n

The reduction factor n dependsion the contact angle a ang

given by

N =1 = K SInO. Neutit ittt e e e e e e, (4+

Based on the experience and preliminary tests, k=0,4 (1)

k=0,15 to 0,33-{2] are given by G. Lundberg and A. Palmgry

In ISO/R281,(k=0,4(=1/2,5) is used for radial contact grqg
bearings {%=5°) and angular contact groove bearings with
o= 5°,10° and 15° and k=1/2,75 is used for angular con-
tact-groove bearings with &= 20° to 45° [3].

i 1S

30)

and
en.

pove

NOTE - ISO/R281 does not include factors for bearing

S

with a = 45°. It is additionally specified in

ISO 281/I.

41
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c) Values of contact angle o'

For radial contact groove ball bearings as well as angular

contact groove bearings with nominal contact angle « 15°

the real contact angle varies considerably with the load.

Geasequea;%y—tabie_l_cf_lso_2ﬁl4I_gixes_all_facxnxs_és_ig1c-

tions of the relative axial load.

The values of contact angle a' under an axial load Ea- can
be calculated from ‘

cos 5° _ 3/2 . _ c 3/2 (B= _
(—co—sa—,' l) sina = (——'————zr/Dw_l) ‘J—.'Z—s‘;z' .« oo e (4 31)

for radial contact groove ball bearings (considering them

angular contact groove bearings with a nominal contact angle
a = 5°), and from equation (4-18), for angular contact gropve
bearings with a nominal contact angle a.

For 2r/Dw = 1,035, ¢ = 0,00043871 is given,with units in
and mm. ' '

Table 4-4 shows the alues of contact angle o' calculated
from equations (4=28) and (4-31) for 2r/Dw = 1,035.

For angular contact groove ball bearings with o > 20°, the

influence ofaxial load on the contact angle is comparatively

small and-therefore the ISO 281/I table has only one set |of
X, Y and e factors for each a. With regard to the calcula-

tionrules applied to these bearings, see 4.2.2 c¢).
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TABLE 4-4 — Values of contact angle o' for radial and

angular contact groove ball bearings (a = 59
10° and 15°)

i x

Fa/2ZD2 a = 5° a = 10° a = 15°

1bf/in? N/mm? a!
25 0,17237 10,230° 12,953° 160741°
50 0,34474 11,811° 14,177° 17,692°
100 0,68948 13,734° 15,768° 18,866°
150 1,03421 15,037° 16,893° 19,767°
200 1,37895 16,048° 174786° 20,503°
300 2,0684 17,607° 19,187° 21,688°
500 3,4474 19,8092 21,207° 23,44p°
750 5,1711 21,761 23,028° 25,07)5°
1000 . 6,8948 234963° 24,444° 26,36/0°

2

* For radial contact groove bearings Fa/iZDw .

4.2.2 Values of X, ¥ and e for each type of radial ball

bearing

Integrating the above, methods of calculating values of X, Y
and e are as follows (see tables 4-6 and 4-7).

a) Radial contact groove ball bearings

_ _ _ 0,4 x 1,05 _ ~

X} = Xz = 1 - g g—trage = 0,5648 = 0,56,
_ - 0,4 cota' _ .

Yl = Y2 = 1 _'0’4 sins° 0741445 cota',

e = 1,05 tana'.
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The calculated Yl value of 00,9641 = 0,96 for E‘a/iZDw2 = 6,89
N/mm? is adjusted to 1,00 - 1in consideration of the re-
lationship with the value o0f Y; for angular contact groove
type with a > 20° (see figure 4-6): namely, the calculated
contact angle a' of 23,263° is adjusted to 22,512° (o' = tan—l
0,41445). Thereforef%éalculated e value of 0,45142 = 0,45

becomes 0,4352 = 0,44 [e = 1,05 tan 22,512° or 0,4 x 1505/
(1-0,4 sin5°)].

b) Angular contact groove ball bearings with x<15[

and
e are same as those for the radial contact groove type above.

For single row bearings with a = S°, the valueSOE'Xl, Y,

For double row bearings with & = 5

X, = 1,625 x 0,48 = 0,78, because

0,4xD;25

£ =1 - 150,@sin5°

= 0,4819 = 0,48,

\ _ 0,4 cota' _ '
Y2 = 1,625Y,, (where Y; = 10,4 sin5° ~ 0,41445 cotg¢',
vy = 288 dooeqr = 0,5 cota', e = 1,25 tan a'.
3 1,25
For E‘a/ZDw2 = 6,89N/mm2, the contact angle o' of 22,5127 is

used..<Therefore, ¥ = 1,625 x 1 = 1,625 = 1,63, Y3 = 0}5
x gof 22,5120 or 1,5625 (1-0,4 sin5°) = 1,2064 = 1,2} and

eV= 1,25 tan 22,512° or (0.4 x 1,25)/(1 - 0,4 sin5°)
= 0, 518] ., 0 52



https://standardsiso.com/api/?name=93fb2ca5687ce9b1216941d6ff032c3f

ISO/TR 8646-1985 (E)

‘ e Calculated values
207 l :

) 1
4

N

R \I i }
N o Adijusted values
L 1

} l |
I

’ 7L | SR ] ! T
68914 Y o0 Values given in TC4AN36

o7 \
06 \
N
05
5° 10° 15° 200 25 o 30 35" 4O0° 45
FIGURE 4-6 — Adjustment of Y; values for radial and angular

contact groove ball bearings
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For bearings with o = 10° and 15°,

_ . _ _0,4x1,25 _
X; = 1 - [otpsias X, = 1,625 X,
_ 0,4 cota'
Yl = i _’0,4 S1nX ’ Yz = 1,625 Yl,
Yy = g-116—,‘-22-513cot:cz' = 0,5 cota', e = 1,25 tan a'.

Namely, for a = 10°, X3 = 0,4627 =~ 0,46, Y, = 0,42986 x cpta’
and for a = 15°, xl = 0,4423 = 0,44, Yl = 0,446190x cota'l

197

For the .above-stated reason, in the case of the calculate
value of Y, being less than 1, we must take’¥; to be Y;

= 1,00 (see figure 4-6). -Therefore, we have Y, = 1,625 =~/ 1,63,
Y3 = 0,5 cot23,261° or 1,25(1-04 sinl0°) = 1,1632 =~ 1.1¢%
- and e = I,25 tan23,261° or (0,4 x 1,25)/(1-0,4 sinl0°)
0,5373 = 0,54 for Fa/zDy° = 6,89 N/mm%, and also Y, = 1}625

kS

1 =1,625= 1,63, Y3 = 0,5 cot24,046° or 1,25 (1-0,4 sifls°)
1,1206 = 1,12 and e = 1,25\ tan24,046° or (0,4 x 1,25)
(1-0,4 sinl5°) = 0,5577 =0,56 for Fa/2D,%> = 5,17 and 6.89
N/mmz. ‘

c) Angular eontact groove ball bearings with x=20"to |45

0,4 x 1,25

X1 T )
1l - 777? sina

]
|

' (see table 4-5)

X3)= 1,625 X,.
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TABLE 4-5 — Values of X; for bearings with a = 20°+to 45°
a Xy a X1
20° 0,4290 ~ 0,43 35° 0,3682 =~ 0,37
25¢° 0,4092 = 0,41 40° 0,3475 = 0,35
30° 0,3889 = 0,39 45° 0,3269 ~ 0,33

For values of Y;, in principle we use the following values
given in document ISO/TC4 N36 (=TC4N56 = TC4NLIO) (see NOTE),

o 20° - 25° 30° 35° 40° (45°)

Yy 1,04 0,89 0,76 0,686 0,57 (0,50)

where the first and second values of 1,04 and 0,89 are adf-
justed to 1,00 and 0,87 respectively in consideration of |the re-

lationship with the values\of Y, for a ¢ 15° (see figure 4-6).
And then values of Y3, e and Y3 are calculated from the

following equations which are obtained from equation (4-25)) :

_ _l1-x 0,625 i
Yz - 17625 Yl, e = —-—Ti-—-—, Y3 - —‘Le———' ........ (4 32)

NOTE — The.walues of Y, are obtained from the following ggquation.

¥y = 2#3 cota' = 0,4 cota', e e eeemeees f4=33)

1 . .
1l - 3 singa

where the values of contact angle o' are determined by the

equation

47
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cosa' = cosa x 0,972402,

as follows:

X 20° 257 30° 35° 40° (45°)
]

® = 23,97° 28,20 32,63° 37,200 41,85 (46,56°)

The above equaticn is obtained frcm equation (4-18)
for 2r/Dy = ri/Dy + ra/Dy = 0,5175 + 0,53 = 1,0475|,
c = 0,00045835 and the specific rolling body(load Fa/
2D, % sina' = 4,9033 N/mm? (=0,5 Kgf/mm?).

Moreover, for bearings with o = 45°, which were not
included in ISO/R281l, Y; value of 044986 = C.50 is
determined from the same equation-(4-33), and is

specified in IS028l/I together, with the values of
remaining factors Y;, Y3 and &, which are obtained

from the equations (4-32).

d) Self-aligning ball bearings

Taking a' = a, n =1 and g = 1,5,
X7 = 1-0,4x1,5 =.044, X, = 1,625x0,4 = 0,65,
¥y = 0,4 cota ,. "¥; = 1,625 ¥; = 0,65 cota,
Y3 = 0’625 cota = 00,4167 cota = 0,42 cot &, e = 1,5 [tana.

’

4.2.3 Summarized table of factors X, Y and e for radial jpall
bearings '

Table 456 shows the summary for the basic formulae for caficu-

lating the factors X, Y and e and «', § and n vaiues for fach

type of radial ball bearing.
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4.2.4 Calculated values Y and e different from Standard

Table 4-7 shows the Y and e values, which are calculated by

contact angle a' given in table 4-4 and differ from the

values given in table 2 of ISO 281l/I. The maximum discrepancy

is within *0,02.

-

This slight difference could be explained by following

reasons. The values of factors Y and e are related to contict
angle a'. However, a' cannot be calculated directly \for the
giyen values of Fa/ZDW2 (or Fa/iZDwz) from equatiens (4-18)
angd (4-31).
Therefore, the discrepancies are thought to be due to the
inhccuracy of the calculated value of contact angles a'.
TABLE 4-7 — Calculated values different from Standard (a <|15°)
Fa/ZDy3* (N/mm2] | 0,172 0,345 0,689 | 1,03 1,38 | 2,07 3,45 | 5,17 ||6,89
' 8 70 1554 44 *x
Radial cortact 1 1,9 L ’ L,
groove beariags e 0,33 . x
5 3,22 2,76 | 2,50 2,34 * %
Qa = SO'
§=’o doublsg Y3 2,77 2,39 2,05 1,86 |- 1,74 1,25 *x
E rOW bearings
2 e 0,31 *x
g Y] 87 | 1,70 1,42 1,24 1,11 o
Q
d
o o) 3,04 | 2,76 2,31 2,02 1,80 *x
L a = 10° 3
S Y3 2,17 1,77 | 1,65 1,56 | 1,44 1,25 {1;18 *s
pe)
3 e 0,35 0,43 0,48 | 0,53 *x
4
.“:3 ' 1,48 1,31 | 1,24 1,03 *e " s
]
o
) 5 2,41 2,13 | 2,02 1,67 . s
a = 15° -
' 1,66 1,39 1,15 . '
e 0,45 0,54 s *#

* For radial contact groove bearings Fa/iZDw2

*#* Adjusted values
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