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ISCVTR 86464985 El 

This 1C"eehnixxl Report give backgrs~una ixrfor- 
the derivatioPz o,f ans fac%ors iven 

g bearings - Dyn.atie Boa93 ratirng% and . 
: calculation lTEehQC%S 0 

2 0 Brief Ristoq 

2.1 ISO/R281-P962 

A first scussion un an %ntgrnational Level of the question 
sf standardizing ealcubation methoda far Load rat&gs of 
rolling bearings cmk place at the 1934 conference of the 
Ititernational Federation sf t e National Standardizing 
Asssciations (XSA) 4 When fSA f-ne1 unference in 
1939 no prog~ess had been However, in its 1945 report 
cul ,the state Q rolling beairang standardkzation, tfme XSA 4 

ecretariat included prsposals fa,- d&5nPk3on af concepts 
beirigg fmdamental for load rating and Life ca%cuHatHon 
Standards e This repo.rt was uted in, $949 as document 

ISO/TC (SecretaxiaL-1) lp and &h- definit9sns it csntafned 
in essence thcwe given in IZXI 28r/I for the concepts 

"Life" and ('Krasis dywmic laad rating", 

In 1946# a>n tkz i.witk0xive g3f tluz Anti-FrictitPn earing 
Manufacturers JQxxxxiation (AFEE~A), N~w orks dlscussions 
sf lsad ratPng and %ife &alculation Standards were started 
llxf?tmeen earing industriEas in ULLA. and Sweben. Chiefly 
cm the basis sf resulks of scientbfic invectigations by G, - 

erg- and A* almgren 8 p ZLk&zd in 1947 [l.]*, m AFBMA 
s tandard ""Method crt' Evaluating Load Ratings sf Amular Ea.ll. 
Bear%ngStg was werke-d out ans Hished im 1949, Qn the 
Same basis, -b%he meptlber body of Sweckm preserated in F&,, 1950 
a first proposai ta ISO, YXm Rating of Ball Bearings”, doc. 
ISO/TC 4psc 1 (Sweden-111, 

* fipures im bracket25 indkeste Qotexature nzferences in IkferencesD 
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In view of results of further zesearch, of a mdification of 
the mBMJ4 Standard in 1950, ad of the interest also in 
roller bearing rating Standards, +he mmiber body of Sweden 
submitteä in 1951 a modified praposal for rating of ball 
beaxings, doc. ISO/TC 4/SC 1 (Sweden-6)' 20, as weil as a 
proposal for rating of roller bearings, doc, ISO/TC 4/SC 1 
(Sweden-7) 21, 

Laad rating and life calculation methods were tkn studied 
by Iso/Tc 4, ISO/TC 4/SC 1 and ISO/TC 4/WG 3 at eleven 
different meetings durigg 1951 - 1959* An additional Paper 
by Lundberg-Plamgren published in 1952 [2] was of-considerable 

-et kerving as a major basis for the sections regarding 
roller bearing rating. - 

The framework for the*Recomendation was settled at TC 4/ . 
WC 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, Itwas proposed to the 
meeting by U.S.A. axxd discussed in detail, together with the 

Secretariat's pkoposal. At the meting, WG3 proposal was 
. - ,p&pared which adopted many partsof the U.S,Ae proposal, 

. ' In 1957, Draft Proposal (doc. TC 4 N145) based on the WG 

proposal was issued. At the next year's WG3 meetingr this 
Draft Proposal was investigated in detail, and at the follow- 
ing TC4 meeting, the adoption of TC 4 N145, with some Manor 
amrnendments, was concluded. Then, Draft ISO Recomnendation 
No l 278 as TC 4 N188 was issued in 1959, and ISO/R281 was 
accepted by ISO Council in 1962. . 

2.2 SS0 281/1-1977 

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. Htxqever, at this time WG3 was not in favour of a 
revisionm 
111.1969, on the other band, TC 4 folIowed a Suggestion by the 

+ member body of Japan (doc, TC 4“‘N627) and reconstituted its 
WG3, giving it the task of revising R281. The AFBMA load 
rating working group had at this time started to werk on a 
revised Standard, and the nmher body of U.S.A. submitted 
the Draft AFBMA Standard "Load ratings and fatigue fifg for 
ball bearings" for consideration, ISO/TC 4/WG3 (USA+) 11, 
in 1970 and "Load ratings and fatigue life for roller 
bearings", ISO/TC!4/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 tie five meetings 
during 1971 - 1974. The final proposal, Third Draft Proposal 
(dOCm TC 4/SC 8 NZ3) R with SOXIE I'*- . .~Wdll’L~ntS, Was cir’culated as 

Draft. %tarnational. Standard in 1976 and ISO 281/1 was accepted _ - 
by ISO Council in 1977. 

The major part of this International Standard constitutes a 
re-edition of R281, the substance of which was only very 
slightly modified. However 8 based mainly on Amexican investi- 
gations during the 196O's, a mw clause was added, dealing 
with adjustment of rating life for reliability other than 90% 
and fox material and operating conditions, 

Furthermore, supplementary background information regarding 
the derivation qf formulae and factors given j.n 1~0 281/1 was 
ta be published, pr.~~iminari.ly as ISO 281/II Explanatory Notes 
-In 1979, however, TC 4fSC 8 and TC 4. decided to publish it as e 
Technical Report. . 

3 
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3 l Basic Dvnami.c Load Ratine’ 

The background of basic dynamic load. xatings aecording $0 

the Standard ISO 281 of xolling bearings is in the Lun 
and Palmgren papers listed as references [IJ alad [ 

The formulae for calcuIation sf basic dynamic load ratiwgs 
of rolling bearings develop from a pswer equation that CZZSII 
be written as foIlows: 

1 en - S 4k T* 
l oo*ome**mommm~~~a~~ (3-1) 

where S = prubability of surtivab 
ZO" maximm orthogonal subsurface shear stress 
N = ntzmber of stress applications to a Point on 

the raceway 
V = volume representative of the S+~SS c 

ration 
zo= depth of the maximum ortiogonal subsu~face 

shear stress 
.c,h = exponents determined experinentally 

e. = measure of Pife scatter, i-e, WePbulI Slops 
determined experimentally. 

For "Point" contact conditions (ball bearings) it is aszxmed 

that the volume (V) representative of the stress axxentra- 
tion in equation (3-l) is proportional to major axis of the 

projected contact eilipse (2a), the circumference of the 
raceway (2) and the deptfi (2,) of the-.matimum orthogonal. 
subsurface shear stress (po): 

Substituting (3-22) into relationship (3-i): 

4 
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" Line " contact was considered by Lundberg and Palmgren to be 
approached under conditions where the major axis of the cal- 
culated Hertz contact eilipse is 1,5 times the effective 
roller contact length: 

2a = 1,5 L we l am~~m~~~~rno~e~e~*~*~~~*~~~~*~~e 
(3-J) 

In addition, b/a should be small enough to permit the intro- 
duction of the limit value of ab 2 for b/a approaching 0: 

2 ab = 
XI 

(3-5) 

(for notation see 3.1). . 

3.1 Basic dynamic radial load ratinc$, for radial ball 
bearinqs 

From the Hertz9 s thecxy, the maximum orthogonal subsurface 
shear stress z. and tfle depth zo tan be expressed in terms 
of a radial load Fr, i.e. a maximum rolling element load 
Qmax or a maximum contact stress amax and dimensions for the 
contact area between *a rolling element and the raceways, 
The relationships are given as follows: 

70= 
20 = 

T = 

T %lax, 
5 bt 
et 1) l/* 
*t(L+l) t 

5 =( 1 
t + 1)(2t - l)W*r 

a =p[--- 3Q ]1/3 
E,U b 

b 39 = v[--- 1/3 
E,Q 1 
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where Ornax = 
t - - 

a = 

b - - 

Q C 

Eo = 
CP = 

tJ,v = 

Consequently, for a given rolling bearing-to, a, it and zo 

maximum contact stress 
auxiliary Parameter 
semimajor axis of the pxojected contact eilipse 
semiminor axis of the projected contact eilipse 
normal forte betw een a rolling element and the 
raceways . 

modulus of elasticity . 

curvature sum 
auxiliary quantities introduced by Hertz, 

tan be expressed in terms of bearing geometry, &d and 
revolutions. The xelationship (3-3) is changed to an equation l 

l 

by inserting a constant of proportionality. Inserting a 

specific number of revolutions (e.g. 10 6 ) and a specific 

reliabi-lity (e.g. 0,9)., the equation is solved for a rolling 
element load for basic dynamic load rating which is designated 
to Point kntact rofling bearings introducing-a constant of . 

proportionality Al: 
. 1,59c+1,41h-5,82 

Qc = 
1,3 2r 

2c+h-2 .3e A1 2r-Dw c 1 c-h+2 
3e 

4 c-h+2 0,s c-h+2 (Ity) c-h+* * 
3 2c+h-5 3e 

z - c-h+2 - x: (c;so)c-h+i 45 c-h+2 
omm**m*~..m* (3-W 

where Qc = rolling element load for the basic dynamic Load 
xating of the bearing . 

QW = ball diameter 

Y = Dsosa/DPW 
D pw= pittih diameter of ball set 
a = nominal contact angle 
z = number of balls per mw. 

( x is used as multiplicati3n symhol.) 

6 
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The basic dynamic radial load 'rating Cl of a rotating ring . 
is given as follows: 

Cl = Qc~Zcos~J~ = 0,407Qc1Zcosa, ; ' 'e*--m**m* (3-7) . 

The basic dynamic radial load xating C2 of a stationaq. 
ring is given as follows: 

.- 
c2 = Qc2Zcusui$ = 0,389Qc2Zcosa l *.m*.--- r. (3-8) 

*where Qcl = rolling e3.ement Load for the basic dynamic load 
rating Of a ring rotating relative to tfie applied a 

load 

Q2 c = rolling element load for the basic dynamic load 
rating of a ring stationary relative to the 
applied Load 

Jr = JrW,W = radial load integral (see table 4-l) . 
Jl “*Jl(O,S) = factor relating mean equivalek Load 

OR a rotating ring to Qmax (see 
table 4-1) 

J2 = J2(0,5) . = factor relating mean equivalent load 
on a stationary ring to Qmax (see 
table 4-l). 

The relationship among Cr for an entire radial ball bearing, 
Cl and C2 is expressed in terms of the product Iaw of 
probability as follows: 

Substituting equations (3-7), (3-8) and (3-6) into equation 
(3-W 8 the basic dynamic radial load rating (3, for an entire 

7 
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ball bearing is expressed as follorqs: 

c, - 0,41 qJ 
Zc+h-G 3e 

bc-h+Z o,5c-h+2 

Al 
Zr I-if 2~i.il W 

l,%k+r,4lh-5,82. 

(l-4 c-h+2 

3 f,,59c+~,42h+3eS,82 
c-h+2 

) 

C-h-1 c-h-3e+2 2c+il-3 

~1 (i cosa) c-h+2 2 c-h+2 
DW 

c-h+2 aa*m*-e*e*o-• (3-10) 

where Al = proportionality constant determined experimentally 

ri = Cross-sectional raceway groove ra&iuS of.inner ring 

re = cros's-sectional racevday groove radius of outer ring 0 
i = ntmber of rows of balls, 

Here, a contact angle a, number of rslling e.kments (bdls) 
2 and the diameter I& depend on bearing design- On the other 
hand, the ratios of raceyday groove radii ri and re to a half 
diameter of a rolbing element (ball) D&2 and y=&~cosa/D~~ 
are not dimensional, therefore it is convenient iri practice 

t'hat the val.ue for the fixt three lines in the xight side of J 
equation (3-10) is designated as a factor fe. 

Consequ@Ently, 

c-h-l c-II-3~2 2c+h-5 a 
G = e,(icosa) . c-h+2 z c-h+2 

D, 
c-h+2 ' w *.* 0 0 8 (3-11) 

8 
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With radial ball bearings we must consider the faults 
in bearings resulting from the manufacturing, and a reduc- 
tion factor X is introduced to reduce the value for a basic 

dynamic radial load rating for radial ball bearings from 

its theoretical value, and it is convenient to contain the 
factor X in the factor fc. The value for the factor X is 
determined experimentally. . 

Csnsequently the factor f, is given as follows- 0 

~,S!k+1,4lh-5,82 

f 1,3 OT41 (1-y) c-h+2 
c = Ii,41x 2c+h-2 3e 3e 

. _ 4c-h+2 (IJ piz 
WY) c-h+2 

t 

3 
xt y c-h+2 

i I 

ri 25.4& 
X . 1-b 1.04(-x-- . r@ 2ri-b 

t 

/ 
‘W 

3 
c-h+2 

Based on the original experimental work by Lundberg and 
Palmgren with ball bearings the following vaI.ues were assigned 
to the experimental cxnstants in the load rating equations: 

e = 10/9 
c‘ I 31/3 
h L v3 0 

substituting the numerical values into equatisn (3-11) gives 
the following, however, a sufficient number of test results 
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arc only available for s ff bal.lsre i,e, up tzc~ a di et., 
of about 25 nun, and ti-igrs~~ shcw that the hoad rating may be 
taken as being proportional to Dwlp a , In the case sf lare;er 
balls the lsad rating appears to increase wen IDCXCZ sl~~~by 
in relation to the ball diameter, and blp4 c;mn be aasum& 
where b > 25,4 mm: . 

Cr = fc(icosa) 0,7&&&8 ( i 25,4 rm), ,,,(3-13) 

Cr = 3,647fJi.cssa) b4 (99 > 2s,4 m), *6KJ3-14) 
. 

. 9: 

. f, -= 0,089Al x, 0,41x 
0,41 

Values for fc 0x1 tkable f in IS arc cxikulated frc"m 
sub'stituting raceway groave radius awd reduction factor hich 
arc given in table 3-l into equation (3-%5), 

ne value for 0,089~~ is 98,0665 to calcula-te Cr in !Jiew"i:ons. 

3.2 Basic dynamic axial load ratin 9_le row 
thrust ball, bearings 

3 -2.1 Thrust ball bearine with eontact 'angle 'a # 90" 

Similarly according to 3& for rust ball bearings w&h . . 
contact angle CL # 90% 

c-h- 1 C-+h-%CfF+4? 2c+h-5 
Ca = fc(cosa)c-h+2 taaa Z c-h-+2 c-h+2 a, ee+*o- 

For msst thrust ball bearings the theoretlCa% VZ&KZ of a 

IO 
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basic dynamic axial Load ratifig must be reduced on the basis . 
sf unequal distribution of load among the rollinq elements 

in addition to the reduction factor X which is introduced in 
radial ball bearing load ratings, This reductlon factor is 
design%te'ti as n l 

Consequently, the factor f, is given as foIlows: 
, 

. 

. 
% c” 

193 
An 2c+h-2 3e 

, c-h+2 o,5c-h+2 

0,41 
lg59c+I,41h-5,82 3 

c-h+2 (l-Y) 
Y c-h+2 

3e 

(l+y) 
c-h+2 : 

. 
1,59c+1,41h+3e-5,82 3,. 

c-h+2 - c-h+2 

8~~~ooo~~~*rn~e (3-17) 

Substituting experimental constants e = 10/9, c = 31/3 and 
h = 7/3 into equations (3-16) and (3-17) R however, consider- 
ing the effect of ball size similarly, 

Ca = fc(coscr) 0 7 t tancr Z2/31&+8 * (Dw g 25,4mm),-m (3-18) 

Ca = 3,647fc(cosa) 09'9 tancs Z2'3D lF4 W (Dw B 2S,knm),,w.(3-19) 

P 
. 

!Z x *Gr-D w) 0741 /l-y 1772 -3/10 

\X& 2riwDi a1 J -+y 0 

L 
. 

sbmmmmmemmmmmmmmmmmmm* (3-20) 
. 
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The value for 0,089Al is 98,0665 to calculake C, in Newt:ons. 

Values for f, on the right ccdumn of table 3 0, ISO 281/1 
arc calculated Erom substituting raceway groewe radius and 
reduction factor which are given in table 3-1 into equation 
(3-20). 

. 

3.2.2 Thrust ball bearinqs with contact anqle CY = 90° 

Simiiarly according to 3& for thrust ball. bearings with 

contact angle a = 90°: 

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

Ca 
= fc z c-h++ kc-h+2 , 

e~o*m**oe*mo**mwm~ (3-21) 

- 
d 0,41 3 

= An 1,3 
3e A1 [ 

2ri 
2c+h-2 2ri-Dw 1 Y 

c-h+2 

p-h+,2 .o p-h+2 
9 

x 
,L 

b which y = DM+w. 

Substituting experimental constants e = 10/9, c = 31/3 and 

h = 7/3 into ecpations (3-21) and (3-22) p however, considering 

e-h+2 3 
3 - c-h+2 ,*o*- (3-22) 

the effect of ball size similarly: 

= fc~2/3&1,8 (D < 25,4mm), - mawm*m*o* (3-23) 
Ca 

Ca = 3,647fcZ2'3D&4 (D > 25,4mm) t 0 0 m l e 0 0 * i (3-24) 

0 ,o 89J+l (&q) 0,41 Yo,3 
b 

fc = 

( ri 10/3 =e Y 
2r,-D,, 0,41 
2r i+d J 3 1 -3/10 

0 (3-25) 
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The value for 0,089Al is 98,0665.to calculate Ca in Newtons, 
Values for fc on the left ~~hnn 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-X). 

3*3 Basic dynamic axial load rating Ca for thrust ball bearinqs 
with two or more rows of balls 

According to the product law of probability, relationships 
between the basic axial load rating of an enti.re thmst ball 

'bearing and of both the rotating and stationq washers 

are given as follows: _' 

3 
c-h+2 c-h+2 -Cq . 

Cak = c Cal; 3 + Ca2k" 3 
1 8 ~~o*~~ . . 

(3-26) 

calk = Qc- sincr Zk 2 

1. * 
*---D-*~~~~~**mm 

ca2k = Qc2 sina zk, * 
(2-27) 

c-h-9-2 3 --- 
+ Ca2 3 

1 
c-h+2 

F ~e~e~o.* 

n . 

Cal = Qcl Sha c zk Kzq / 
7 

(3-28) 

*.*~*~~e*m~ -(3-29) ., 
n * 

C2 = Qc2 Si-na XE1 zk . 
a = . 

where Ca = basic dynamic axial Load rating as a row k of 
an entire thrust ball bearing . 

Calk = basic dynamic axial load rating as a row k of 
the rotating washer of an entir& 'thrust ball 
bearing 

13 
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Ca2k 

C a 

Cl a 

c2 a 

% 

= basic dynamic axial load rating as a row k of 
stationa?y washer of an entire thrust ball 

bearing 
= basic dynamic axial load rating of an entire 

thrust ball bearing 
= basic dynamic axial load rating of the rotating . 

washer of an entire thrust ball beaking 
= basic dynamiC axial load rating of the stationary 

washer of an entire timst ball bearing 
i number of balls as a row k. 

. 
Substituting equations (3-29) I (3-27) and (3-26) into equa- 

tion (3-28), and rearrangement of equation (3-28) gives: 

C 
n 

a* 
IE1 =k s 

. . 
c-h+2 c-h+2 

Qdsina ; &) -‘3+(Qc2sina F Zk) 
U- 

( 
3 . 

k=l bl 
c-h-t-2 n -- A 

3 

1 

e- 
c-h+2 

. c-h+2 
n 

qL@q-=~ -L2 

- kfl % kil c-h+2 -- . 1 
. ac 3 

c-h+2 3 
-cx 

Substituting experimental constan't:s c = 31/3 and h = 7/3, 

Ca = (21 + 22 + 23 + ‘.........--.--. + Zn) 

x 1 
10/3+ L ) Zl 10/3+ 22 10/3+ 23 

Cal ( ) 
Zn IO/3 

l 0 - +--- 

-3/10 
. 

w ( ) c 3 ( > 
a 

Can 1 - 

***o* l *m* (3-30) 

14 
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The load ratings Cal, Ca*, Ca3, ..-. - C an for the rows 
with zl, z2, z 3 I . l 0 0 0 P Z n balls'are calculated from the 
appropriate Single row thrust ball bearing formula in 3.2. 

3.4 

BY a 

Basic dynamic radial load rating C for radial roller r 
bearings 

procedure similar to that used to obtain equation (3-10) 
for Point contact in 3.1, but applying (3-4) and (305)~ the 
basic dynamic radial load rating of radial roller bearings 
(line contact) is obtained : 

where 

Here, 

Cr = 0,37 7 1 
c+h-1 2e 

ph+lo p-h+1 
7 

Bl 

c+h-3 
(1-y) c-h+1 

2e 
(l+y)c;h+l 

2 
cazi. 

Y 

x [ 1+ [l,04~:;;>=~z:~3} =-Ypi 

c-h-1 c-h-2e+l . c+h-3 
x+ (flwecosa) c-h+1 2 c-h+1 

he c-h+1 

B 1 = 

Y = 

b e, = 
‘a ,= 
D PW = 

?we = 
i = 
z c 

proportional constant determined experixentally 

Dw@=a/Dpw 
mean roller diameter 
nominal contact angle 
pitch diametew of roller set 
effective txmtact length of rdler 
number of r6ws of rollers 
number of rollers per row.' 

a contact angle a, number of rollexs 2, the mean 
diameter DweI and the effective contact length he depcnd 
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On bearing design, On the other band, y = Dw&osa/Dpw is 

not dimensional, therefore it is convenient in practice that the 

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

Consequentlyr 

c-h-1 c-h-Z&+1 c+h-3 

Cr Lf f&+cQsa) 
c-h+1 z c-h+1 D c-h+1 

we 0 e-m* (3-32) . 

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 reduc- 
tion factor 71 and for exponent Variation a factor v 8 
It is convenient to contain both factors - which are deter- 
mined experimentally - in the factor fcJ which consequently 
is given as follows: 

f C * ,377xv c+h-l 
1 

2e 
p-h+10 p-h+1 

9 

c+h-3 
(1-Y) c-h+1 

2e 

ww c-h+1 

2 
c-h+1 

Y 

c+h+2e-3 - 
.[,tp,o4(~~ c-h+1 lC ~+)-c+. --* (3-33) 

The We-ibd.1 slope e, the constaats c and h are determined . 
experimentally. Based on the original experimental werk by 
Lundberg and Palmgren with ball beaxings and &bsequent 
verification tests with spherical, cyI.indrical and tapered l 

roller bearings the following values were assigned to the 
experimental constants in the rating equations: 

16 
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" . 

1-Y 1434/%08 
TTy- J 0 eeee** (3-35) 

e-h- 1 c-h-2e+b e+h-3 
a== * f, cIi$qecosa> c-h+1 taria z c-h+1 6) e-n+1 

W@, Q 

***9-*0:dQ-*~~e (3-36) 

cxr thru~t r~~P%er bearingr; -irkxe tbesretical value of a basic 
d>7nabftic axia% Load ratinq must. be reduced CXI the basis sf 
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unequal distribution of load among the rolling elements in 
addition to the reduction factor X which is introduced in 
radial roller bearing load ratings. This reduction factor 
is designated' as TI- . 

Consequently the factor f, is given as follows: 

cih-3 2 

f = xvq 1 
C cih-1 * 2e 

B (l-y)c-h*' c-h+i 
1 2e Y 

. 
2c-h+10 p-h+1 - U+yl c-h+1 

7 . 

x 
c+h+2e-3. 

c-h+1 
c-h+1 - _~ - 

2 3 
2 

-c-h+1 * 
. 

(3-37) 

. Substituting experimental constants e = 9/8, c =31/3 and 
h L) v3 f 

i. 
" ,.. _ c- 

- 
C = fc(hecosa) v9 tana 2 w D 29/27 

a we 0 l o~eee.e (3-38) 

f C = O,483B+nJ y2/9 (i-u) 2hgf27 1+ i-y\ 143floa 912 -219 
(l+y) LD [ 0 

l+y, 1 1 
o~~ee~~eo,o***e (3-39) 

The v&.ue for 0,483Bl is 55i,13373 to calculate Ca in Newtons. 
Values for f, on the xight column of table 7 in ISO 281/1 

arc calculated from stistituting reduction factors which are 
given in +ahle 3-2 into equation (3-39). 

3.5.2 Thrust roller bearings with contact anqle Q = 90° 

Extension 0f 3-l gives: 

18 
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c-h-1 c-h-2e+l c+h-3 

ca 
= fche-h+l z c-h+1 4yec-h+l, 

l --000ar.m. (3-40) 

2 2 
f e = xvn c+h--l1 2e BlY 

c-h+1 2-c-h+l a -Zoos /3-h} 
2cmh+10 5c-h+P - 

t 

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

c, = fcIwe 7/923/4 
Dwe 

29/27 
8 •-~o.ooom~m~*m~*~~~~ (3-42) 

2/9 

c 

f, = 0,41BlAv~~y e •-oo*aoo~~oo*o~a*o~~*~*~~~ (3-43) . 

The vaI,ue for 0,41+ is 472,45388 to cakulate Ca in NeWtonso ' J d 

l Values for f, on the left column of table 7 in ISO 281/1 
are caleulated from substituting reduction factors which 
arc given in table 3-2 into equation (3-43). 

3.6 Basic dynamic axial load ratiny Ca for timst roller 

beaxinqs witk two QE more rows of rollers 

According to thk product law of probability, relationships 
between the basic dynamic axial load rating of an entire 
thrust roller bearing and of both the rotating and stationary 

washers are given as follows: __ 

c-h+1 c-h+1 2 

ck ' -e ca2k 
2 

1 
-c-h+1 a 8 -mm*m*mm (3-44) * 

%lk = Qclsin~~k&e~l 
•~mamm~*~*.. 

Ca2k = 
(3-45) 

Qc2sin-k&& / 
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whercz C!& = 

. 
. %lk= 

C,2k== 

c a = 

=a a* = 

c 2 a 3 

z k rl, 

Substituting 
tion (3-46) o 

basie 
2aA entire 
basic dyn ic axial lcaad rating as 
t%ne rotatin washer sf an entixe 
bearing 
basic dynatic zxcieil hcmd rati,ng 
the statissnh~ washer of s!ii.n entire til.r~xt ., 
roller bearing 
basic dynmic axial 3,~~Sl radimsg af zr~ e~ltfrs 
thrust roller bearix9g 
basix dynm~c dtxi 
washer sf an en$% 

basie dyna~hz axl. 
washer OB" Xi {~~yyp~ L,fi.r~ )J#3~~~~yQq 0 
n er of rOl%exs as " lI!lxYd k9 

equations [3=47), $3-45) and (3- 1 inta %!ixpaa- 
and rearrangement of equati@n (3 
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-. 
n - 

C a = c ZkZwek k=l 

n c-h+1 n c-h-f-l 2 

r 
(Qclsina c Zk&q&) 

k=l 
-2+(Qc2Sina~~,Z~~=~~21 -c-h+l 

=: 
c-h+1 BP 

( ; Zk$,&) 2 . a 
bt=1 . 

. 
2 c-h+1 

n 
= k~~Zk~,t 

[c c-hl _c-h-+~ -- -- 
(Qcina Z&qP~~~in~.Z&& 2 c-h+1 

e c-h+1 
&&k)--- 

2 
c-h-t-1 

Substituting experimental constants c = 31/3 and h = 713, 

ca = (ZlLtyel + z2he2 + z3&e3 + ----e + Z+~en) b 
- . . 

- * : x [ (Zgy) “‘+(*) 9/2+( Zgy23) 9/2+ ) - - pl.!.‘*) 9/2]-y 

l O~***mmmmmm*mmm (3-48) 

The Load ratings, C,I, ~~2, ca3, rmmmrf C an for the rows with 
Zl f 22 f 23 f rromrf Zn rollers of lengths bei, +2, I;we3, 
l m**mf heq are calculated from the approoriate Single row 
thrust ro&r bearing formula in 3.3. a 

21 
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TABLE 3-1 - Raceway groove radius and reduction factor 

TABLE No. in 
ISO 28111 / L 

TAXE 1 
f 

. 
: 

. 

TABLE 3 

for ball bearings 

Bearing type 

ball bearings 

Double row radial.contact 
groove ball bearings 

0 ,52DW 

I t 
Single and double row 

self-aligning ball 
bearings 

Reduction 
factor 

NOTE - Values for f, on tablcs 1 and 3 in ISO 281/1 are calculated 
from substituting raceway groove radius and reduction factor 
in the above t&le 3-1 into equations (3~15)~ (3-20) and (3-25 
respectively l 

TABLE 3-2 - Reduction factor for roller bearings 
. 

TABLE No. in 
Reduction factor 

Bearing tyle a / 
ISO 281/1 XV Jl - L 

TABLE 5 Radial roller bearings 0,83 - 
1 L 4 

L 

TAE3LE 7 Thrust xoller beaxings 0,73 l-O,15 sirm 
4 c 

NOTE - Values for fc on kbales 5 and 7 in ISO 281/1 arc calculated 
from substituting reduction factor in the above table 3-2 

into equations (3-351, (3-39) and (4-3) respectively. 

22 
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4 l Dynamit Equivdent Load 

4.1 Formulae sf dynamic eauivalent Load 

.4.1.1 Theoretical dynamic equivalent radial Load Pr for 
single row radial bearinqs . 

If the indices 1 and 2 arc assigned to the ring which 
rotates relative to the direction of load and the stationary 

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

. bearing ringk life axe given by equations: " 

Ql c = Ft 1. J 
Q=x Jl = 2 CQS~ J 

Fa 
= 

JI 
r 2 sina Ja 8 

mmo*oo* (4-U 

Qc~ = Qmax 32 = 2 E& $$ = 2 LT,, $$ J 

where Qmax = maximum rolling element Load 

Jl = factor relating Qcl to Qmax 

J2 = factor relating Qc2 to Qmax 

Fr = radial load 

Fa = axial load 
Jr = radial load integral 

Ja = axial load integral 
z = number of xolling elements 
a = nominal contact angle. 

Radial and axial load integrais are given by following equations: 

c 

Jr = Jr (E) = & 
+eo 

fl 1 

- ?o 
-z( l-cos p) 1 %*spd $Q, 

o-o- (4-2) 

Ja = Ja(c) = & n 1 -E(l-cosp)]t dF 

23 
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where t = 3/2 for Point contact 
. . d = 1,l for line contact 

QO = one half of the loaded arc . 
E = Parameter indicating the width of the loaded 

in the bearing. 

Introducing the notation ‘ 

Jk;s) t 1 

5 

*Pu 
23 [l 

-9, 

1 
2E: (1 

1 
s cosp) 1 %l # l meem(L’*e 

Jl = JlW = 5(9/2;3), ~2 = JZ(C) = J(5;10/3j, 

-* Jl = Jl(e) = J(9/2;4), J2 = J2k) = J(S;9/2 ) 3 

Zone 

(4-3) 

(4-4) .7 

. for Point and line contact respectively, 

If Pr1 and Pr2 are the dynamk equivalent radial loads for the 
respective rings, then with radial displacement of the rings 

(e=O.S) 

Qcl = 
Pr1 Jl.(0,5) Pr2 52(0,5) 

Z casa J&l,5).' .Qc2 = 2 COSOI Jr(o,% **eo. (4-5) 

where the values J1(0,5) I J2(0,5) and Jr(0,5) arc given in 
table 4-l. 

From equations (4-l), (4-5) and 

(% 
W W 

= 
cr 

( Prl) 
Cl 

+ (pr2)w 
C2 

is obtained 

1 
Pr C w 

Fa cota = t= 51 W 

cr 
J2 w Jr(O,s) 

Cl J1(0,5) ) + k2 J2(0,5+ 1 Ja J 

1-e (4-6) 

24 
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where Cr = basic dynamic radial load rating 

Cl = basic dynamic radial load rating of a rotating ring 
C 2 = basic dynamic radial load rating of a stationary rincr 
w = pe (P =exponent in life formula, 

e== Weibull dope) 

TABLE 4-1 - Values for Jr(O,5), Ja(O,5), Jp(O,S) 

J2(0,5) and w 

rot% bearing mw bearing 
-- 

0,2453 

0,309o 

0,6495 

0,6744 

0,794 

0,378 

0,364 

0,4906 0,2369 

0 Cl,2932 

0,7577 0,6044 

0,7867 0,629s 

- 0,808 

0,648 0,392 

$623 0,376 

0,7244 

0,7543 

W 

0,654 

--l 0,628 

1,038 1,041 

0,371 0,635 0,384 0,641 
. 

I 180/47 I i . 
1,714 1,669 
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For radial displacement of the bearing rings (E=O .5) and fixed 
-outer ring load (Cl=Ci, basic dynamic load rating for inner 

f *, 
ring, C2"cet basic dynamic load rating for outer ring) from 
equation (4-6) is found . 

. 

JdO 5) Pr = Fr = ba(OlS) Fa cota 9 
- 

= (0,822 m-0 0,794) Fa. cota l omo~oe*~.o** (4-7) 

for Point and line contact respectively. . 

a For C=O,S and fixed inner ring load (Cl=vt&, C~=Ctiv)~ . - 
it is found 

PS = VFr ~**~~,o*a*oo**m*o~*m~~*a*~o -~ooaoeoooo~ (4-U 

. 
where V is the rotation factor, 

The factor V varies between 120,044 and 1-+0,038 for Point and 
line zontact respectively. In ISO 281/1, the rotation factor 

V has been deleted. 

NOTE - The value of 1,2 for the ratation factor V was 

. given in ISO/R281 for radial bearings except 
self-aligning ball. bearings as safety factor. 

For axial displacement of the bearing rings (~4 and fixed 
outer ring load (Cl=Ci, Q=Ce), 

P S i YF EL* Y = fl( Ci) Jr (075) 
Ce 

. 
J1(0,5) =Otaa l *a-o*a*a (4-W 

The factor fl(g) varies between 1 and I/v = J1(0,5)/32(0,5). 
Introducing as a good approximation the geometrical mean 
value l/fi between these two values (see table 4-l), 

26 
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Y - - Jr(O ,5) 
JJ1(0,5) l J2(o,5) 

cota.. l l *mm**~~*e*ooo0omm* (4-10) 

For non self-aligning bearings consideration must be given 
to the ef fett of the manufacturing precision on the factor y, 

The value of Y given in equation (4-10) is corrected by the . 
reduction factor no 

Y 1 = Y/q. l ~~oo*mo***~oooo~o*ooo~~~o~~o~oo*~~o (4-11) 

For combined loads, equation (4-6) gives related values of . 
F,/PL and Fa cota/Pr corresponding to the curves given in 
figure 4-1 for the limiting cases Cl/C!2= 0 and C~/C~S 0. . 

The Points A represent ~=0,5, that is radial displacement . 
of the bearing rings. For these Points, 

Fa = (1,22 l --- 1,26) Fr tana l ~*m~*o~~mooommom (4-12) 

for Point and line contact respectiveiy. 

4m1.2 Theoretical dynamic equivalent radial load Pr for 
l 

double row radial beawinqs . 

For double row radial bearings, the i'ndices 1 and II are 
assigned to the respective rows. The determining f actors 
for life of the rotating and' stationary rings are the mean 
values 

Ql C = Jl QmaxIf Q2 C = J2 QmaxP. *m-m-mmm**o*m (4-13) 

27 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/TR 86

46
:19

85

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


Iso/TR 8646-1985 El . ’ 

where 

3 1 = J1(qlW + 
1 

3 2 = J2(EI)W + 
1 

For a bearing 

1 

( 
QmaxlI tJ w 
QmaxI 

i J1(+lW 
1 

t 

1 

( $=;; )wJ2k=) "]'. 

without internal cleatiances, 

EX + 9 = 1 for Ef < 1, 

1 
~*oa~o**~*m**~*~*, (4-15) 

-0 fox EI31. . 
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. 
If we introduce the values of Jr, Ja, J1 and +for double 
row bearings, then the equivaient bearing Load is obtained 
from the same equation (4-6) for Single cow bearings. - 
Jr&%, Ja&%, Jl(O,S) are here the values valid for 
& 1 = QI = 0,s (see table 4-l). 
The bent curves given in figure 4-2 arc found for the Limiting 
cases Q/Q=O and C~/CL= 0. . 

Both rows are loaded if ~1 < 1, that is if 

l 

Fa < (1,67 -0• 1,91) Fr tana m*wwwmwmm~mewm*~ao (4-16) . 

for Point and line contact respectively. 

i. 

Only one YOW is loaded if Fa is greater than -at value, 
In that case the life for double row bearings tan be cal- 
culated from the theory of Single row bearings as weil as 
from the theory of double row bearings. 

- If Pr1 is the equivalent radial load.for the loaded ZZC)W 
considered as a Single row bearing and ?r is the eq&vaIent 
Load for the double row bearing, 

Pr = .ik = 9-w* 
FFy CI 

Figures 4-1 and 4-2 are calculated 6x1 the assumption of a 
constant contact angle, Figures 4-1(a) and 4-2 (a) are also 
approximately applicable to angular contact groove ball, 
bearings, if cot& is determined from the following formula- 

30 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/TR 86

46
:19

85

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


STANDARDSISO.COM : Click to view the full PDF of ISO/TR 8646:1985

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


ISO/TR 8646-1985 El 

( CQSU 
l COS - 

9 3/2 1 3/2 Fa 
T-T&= m-m-m (4-18) 

“C” is a compression constant, which denends on the modulus 
of elasticity and the confonnity Zr/hr,-where r j.s a cross- 
sectional raceway groove radius and Dw is ball diameter- . 

4.1.3 Theoreticql dynamic eqtivalent radial load Pr for 
radial contact qroove ball bearings 

Figure 4-3 is applicable to radial cuntact groove ball 
l bearings. The curve AC has been determined from equation 

(4-6) a.nd approximate formula 

tana' s t 2c > 3/8 
1 

1 -- > 
3/8 

2r/D,-1 2E' ( 
Fa 1/4 o*mm (4-19) 

JaiZD& 

and gives the functional relationship betideen Fr/Pr and 
Fa cota'/Pr, where Q' is the contact angle calculateä from 

the following fomula (11 

tana' = ( Fa 
> 
1/4 

izDw" 
l m~~*~~~~~oom~mrn (4-20) 

This formula is obtained from formula (4-19) for a centric 
axial load Fa and F,'O, i.e. &=w and J = 1. a 
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I 
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/ 
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0 

Fa cotd 
Pr 

FIGURE 4-3 - Dynamit equivalent load Pr for 

radial contact groove ball bearings 
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4.1.4 Practical formufae of dynarnic equivalent radial fsad pr 
for radial bearinqs with constant contact angle 

From a practical Standpoint it is preferable ts xeplace the 
theoretical curves in figures 4-1 and 4-2 by broken lines 
AlBC for sisigle row bearings and ABC for double row bearings 
in figure 4-4. 

-f- 
b 

La 
cotg/ YI 

Fa cota 

FIGURE 4-4 - Dynamit equivalent radial load for radial 
. bearings with constant contact angle OL 

The equation for the straight line AlB in figure 4-4 is 

Therefore, for F,/Fr < ctana, WZ have 

%I = =r w 0 l l *o~*m*-*--*m*e ee*w*wwweewew*ow. w e w (4-21) 

. 
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and the straight line passing through the Points B (5, 1) 
and C (a, o) is given by 

Fr/Pr1 - 1 1 
Fa cota/Px~ - c = a-- 5 w 

From this equation, for Fa/Fr ) Eta& we have a 

Pr1 = (1 - a, Fr + 2= a cota Fa 

rr XlFr + YlFa 

where 

X 1 5 
1 = 

-ä = l - 01 tana, (4-22) 

Therefore, from the equation (4-11) 

X 1 (LI I-J-., “‘- Jr(U E 
Jl%s) Jz(O,S) 7 ‘m 

Y 1= 
Jr(O,5)cata 1 

wo,51 +(0,5) : . 

For the double mw bearings, the equation for the straight 
line AB is . 

Fr/Pq - b l-b 
Fa cotcr/PrI = 5 l 

From this, 
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Therefore, for ~a/Fr < ctana we find = 

Pr = 2 i- l/w 
WI = Fr + (2”l/w-i) '5" Fa 

. 

s XjFr + Y3Fa - 
*em.. (4-23) 

. 
where 

X3 LI 1 f y3 = ($4/W 1 -l,, cota. - 

Further, from the equation ( 4~22) which represents straight 

-1ine BC, we find for Fa/Fr > Ctana . 

Pr = ~~-l/wp, 
1 

where . . 

X 2 
= +/w Xl 8 

CI 21-l/w XlFr + 2 l'l/"y Fa 
1 1 

- X2Fr + YZFa = 

Y 2= 
pmy 

1 m 

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 Yo 
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TABLE 4-2 - Formulae of dynamic equivalent load and 
of factors for radial beaxings with constant 
contact angle a 

Radial load factor X 

and 
'axial load factor Y 

e 

Single row bearfngs Double mw bearings 

Pr = Fr .a * X3Fr + Y3Fa 

Pi - XlF, + YIFa : Py = X2Fr + Y2Fa. 
t 

yx1." YZ/Yl = 2 I-l/w 

e = ttana. 

4.1.5 Practical formulae of dynamic equivalent radial Load Pr 

for radial ball bearings 

Generally, the contact angle of radial ball bearings varies 
withthe load, but table 4-2 tan be approximately applicable 
to angular contact.groove ball bearings, if a is replaced by 
contact angle at under the axial load Fa given by the 
equation (4-18) m 

There fore, according table 4-1, . 

x 1 = 1 - 084 5, f 
rl 

Y 1 -6 4 cota', 
3- 

x2 = 1,625 XI, Y 2 = 1,625 Yl, **~*~~~~* (4-25) 

X 3 = 18 Y 3 =rr Om5 cota' 4 - 
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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 AlBC in figure 4-5. 

Fa cotd 

a 

. Pr 

FIGURE 4-s - Dynamit equivalent radial Load for 
radial contact groove ball Searings 

Fos this type of bearings, 

Xl = X2 = 1 - 0,4; # 

Y1 I y2 i (),4 y, 

X 3 3= 1 I Y 3 
= 0 l 

(4-26) 

For self-aligning ball bearings, the contact angle tan be * 
considered as independent of the load (cr' = a), and also STANDARDSISO.C
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4.1.6 Pxactical for.mulae of dynamic equivalent axial load Pa 
for thrust bearinqs 

The radial and axial load factors Xa and Y, for Single and 
double direction bearings witha# 90* arc obtained on t& 

basis of the fomulae of dynamic equivalent radial load Pr 

for single row and double row radiai bearings, respectively, 

That is, for Single direction bearings, when F,/F= > +na, l 

YlP, = Pr = XIFr + QFa* 

SO 

Xl pa = y1 Fr + Fa 
s XalFx + YalFa 

. 

c . 
f 

~~~~m**m~rn~*rne~-m*mm*~* (4-27) 

where I 
. 

Xal l =X1/Ylr Y,l=l , 

and for double direction bearings, when Fa/Fr z+ &tana, also 
_ then 

pa = y2 2 Fr + Fr 

s Xa& + Ya2Fa 
~em~~mm~*mmmmmo~om~*-m~ (4-28) 

where 

Xa2 = ‘2iY2f Ya2 = 1, J 

Fuxther, when Fa/Fr 6 ctana ?,*, approximately 

Y2P, = Pr = X3F, + Y3Fa, 
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. 

therefore 

Pa = y 3 F, + 3 F, 
2 Y2 

= Xa3 Fr * Ya3 Fa 

where 

1 . 
-r 

~~*o-***~o~m*~om** (4-29) 

Xa3 = X3/Yp Ya3 = Y3/+ J 

. Integrating the abwer table 4-3 Shows the formulae of dy- 
nmic equivalent load Pa for thrust bearings and of factors 
Xa and Ya. 

TABLE 4-3 - Formulae of dynamic equivalent laad and * . 
of factors for thrust bearings 

Single direction 
b-rings 

Double direction 
bearings I 

FdFr e e Pa * X,3F? + Ya3Fa 
Formulae L 

Fa/Fr > e Pa = X,lFr + YalFa I pa = &2% + Ya2Fa 

Radial lo&d factor Xa 

and 

axial load factor Y, 

X,l = Xi/R 

Yl am 1 

X& = Q/Q 

Ya2 13 1 

Xa = X3/Q 

\*a3 * y3/y2 \. L-l’ 

e = ftam 
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4.2 Factors X, Y and e 

4.2.1 Radial ball bearinqs 

a) Values of E 

For Single row'radial contact groove ball bearings, G. 

Lundberg and A. Palmgren [l] gave a value of 5 = 1,2 based 
on the results of tests, and for other bearings 6 = 1,s 
which are close to the theoretical curves, However, based 
on.later tests, ISO/R281 takes values of 5 = 1,05 for radial 
contact groove ball bearings and Single row angular contact 
groove types with a = 5”; 5 = 1,25 for other angular contact 
groove types, and 5 = 1,s 'for self-aligning types f 31. 

-- 
W Values of rl - w 

The reduction factor n depends on the contact angle a and is 

given by 
e . 

n = 1 - k sina. l ~-~.~*..~~.~o~~~.~~.*.**... (4-30) 

Based on the experience and preliminary tests, k=O ,4 [i] and 
k=O,lS to 0,33 [2] are given by G. Lundberg and A, Palmgren. 

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

NOTE - ISO/R281 does not include factors for bearings 

with a = 45'. It is additionally specified in 
ISO 281/I. 
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c) Values of contact angle ~1' 

. 

. 

For radial contact groove ball bearings as we1.1 as angular 
contact groove bearings with nominal contact angle c 6 15' 
the real contact angle varies considerably with the load. 
Consequently table 2 of ISO 281/1 gives all factors as func- 
tions of the relative axial load. 

. . 

The values of contact angle CL' under an axial load Fa tan 
be calculated from 

( cos 5* - 1) 3/2 
Cosa’ 

sina' = ( C 

2r/D,-1) 
3/'2 Fa l mz l ooo (4-31) 

. 
. 

for radial contact groove ball bearings (considering them as 
angular.cor,tact CJrOOVe beaPin&with a nominal contact angle 
a = 0 5 1 t and from equafion (4-18) for angular contact oroove 
bearings with a nominal centact angle ct. 

For 2r/Dw = 1,035, c = 0,00043871 is given,with units iR N 
and mm. 

. 

Table 4-4 Shows the values of contact angle at calculated 
f rom equations (4-18) and (4-31) for 2r/Dw = 1,035. 

For angular contact groove ball bearings with a 3 20*, the 
influence of axial load on the contact angle is comparatively 
small and therefore the ISO 281/1 table has only one set of 
X, Y and e factors for each u. With regard to the cdcula- 

tion rules applied to these bearings, sec 4.2.2 CL 
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TABLE 4-4 - Values of contact angle a’ for radial and 

angular contact groove ball bearings (Q = 5; e 
IO” and zs”) * 

. 

25 0,17237 10,230* 12,953O 16,781O 

50 . 0,34474* 11,8116 14,177" 17,652O 

100 0,68948 13,734O 15,768" 18,866O 
I I ! 

150 1,03421 15,037o 16,893* 19,767= 
200 1,3789S 16,048O 17,786O 20,503" 

.300‘ 
. . 

2,0684 17,607O 19,187O 21,688O 

500 3,4474 19,809O. 21,207O 23,448O 
. 750 5,1711 - '. 21,761" 23,028" 25,075O 

1000 , 6,8948 . 23,263" 24,444O 26,360' 
i 

* For radial contact groove bearings Fa/iZD 2 
w l 

. 

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

bearing 

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

d Radial contact groove ball bearings 

X 1 f q z 1 w r” 0 .? ., xs ,, Q5 -0,4 s-inso = 0,5648 s 0,56, 

Y 1 = Y 2 * 1 0,4 cota = - 0,4 sinS" 0,41445 cota', 

. e = 1,05 tan& 
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The calculated Y1 vahe of O,%41 TJ 0,96 for Fa/iZD,* = 6,89 
N/mm2 is adjusted to 1,00 ' in considoration of the re- 
lationship with the value Of Y1 for angular contact groove 

type with CY > 20° (sec figure 4-6): namly, the calculated - q 
contact angle CY' of 23,263' is acijusted to 22,512O (c' = tan-' 

the 
0,41445)* Therefore,fCalculateti e value of 0,45142 S 0,45 
becomes 0,4352 so,44 fe = 1,OS tan 22,Sl*O or 0,4 x 1,05/ 
U-O,4 sincj")]. 

b) Angular contact groove ball bearings with sd15° 

Fo r Single row bearings with Er = So, the valueSof'X1, Y1 and 

e are sane as those for the radial contact cxoove ttroe above. rLr 

For double row bearings with N= 5' 

X 2 = 1,625 x 0,48 = 0,78, 

x = 1 l- . 
0,4xl,25 

l-O,4 sin5" 

because 

= 0,4819 ti 0,48, 

y2 
0,4 cota' = 1,625+ where Yl = 1 0 4 Si=jO = 0341445 CObA 

1 1 

Y 3 - ov625 Cot&’ - 1;.25 = 0,s coia', e = 1,25 tan a'. 

Fo r Fa/ZD,* = 6,89t+‘m*, the contact angle a' of 22,512" is 

used. Therefore, Y2 = 1,625 x 1 = 1,625 *1,63, Y3 = 0,s 

x cot22,51p or 1,562s (1 - 0,4 sinj") = 1,2064 s 1,21 anti 

e = 1,25 tan 22,512' or (O-4 x 1,25)/(1 - 0,4 sin5") 

= 0,5181 s 0,520 
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13 I 

12 t 

11 P 

10 9 

09 ? 

P- 

08 1 

07 ? 

06 7 

05 9 

0 Calcula t ed vol ues 

@ Values given in TC4N36 

5 0 10 8 15 0 20 0 25 0 
o( 

30 0 35 e 40 b 45 e 

FIGUE 4-o - Adjustment of Y1 values for radial and angular 
contact groove ball bearings 
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For bearings with CY = 10' and lS*, 

X l- 
0,4x1,25 * 

1 
= 

l-O,4 sim ' 

Y 1= 
0,4 cota' 

1 - (),4 Slwc ' 

X 2 = 1,625 Xl, 

Y 2 = 1,625 ylt 

Y 3 = !*jCOta' = b5. Cot&, e = 1,25 tan a'- 

Namely, for a = 10°, Xl = 0,4627 sO,46, Yl = 0,42986 x cotd, 
and for a = lS”, XI = 0,4423 z 0,44, Y 1 = 0,44619 x cot&. 

For the.above-stated reason, in the case of the calculated 

value of Yl being less than 1, we mtxt take Yl to be Y1 

= 1,00 (see figure 4-6). l Therefore, we have Y2 =,1;625.~ I.,63, 

Y3 = 0,s cot23,261* or 1,25(1-Q,4 sinlOO) = 1,1632 .w L-I.6 
and e = &-2S tan23,201° or (0,4 x 1,25)/(1-0,4 sinl0") 
= o,s373 sy O,S4 for Fa]ZDi2 = 6,89 N/mm2, and also Y2 = 1,625 

x 1 = 1,625 s 1,63, Y3 = '0,s cot24,046O or 1,2S (l-O,? sinlS”) 
= 1,1206 z 1,12 and e = 1,2S x tan24,046* or (0,O x 1,25)/ 
(l-o,4 sinlS") = 0,5577 x-O,56 for Fa/ZD 2 = 5 17 and 6 89 * .w 9 . 

N/mm'. 

d Angular contact groove ball bearings with ti=20*to 45O 

X 1= 1 - 0,4 x 1,2s 
t (See table 4-5) 

1 1 - - sina 2,75 

X 2 = 1,625 xl. 
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TASLE 4-5 - Values of X1 for bearings with or = 20"to 4S" 

x1 a 

l 
0,429o $2 0,43 35 0 

0,4092 ti 0,41 40 0 

0,3889 TZ 0,39 4! -0 
t 

Xl 
~-- 

0,3682 z 0,37 

0,347s s 0,35 

0,3269 5 0,33 

For values of Yl, in principle we use the following values 

given in document ISO/TC4 N36 (=TC4N56 = TC4NllO) (see NOTE), 

1 
a - 20* -25' 30 0 35 0 40 0 (45") 

Y1 1,04 0,89 0,76 0,66 0,57 (.O,W . 
t f 

where the first and second values of 1,04 and 0,89 are ad- 
just& to 1,OO and 0,87 respectively in consideration of the re- 

lationship prith the values of Yl for CI < 15' (sec figure 4-6). 

And then values of Y2, e and Y3 arc calcclated from the 
following equationSwhich are oblained from equation (4-X): 

Y 2 = 1,625 Y1, e = ' - '1, Yl 
y3 = o~625 ..*..... (4-32) 

e 

NOTE - The values of Yl arc obtained from the following .equation. 

Y 1= 074 cota' = 0,4 1 COta', . l 0 q --*e--a..*.* 4 ..(&33) 
1 - - sina * 

+ 
3 

where the values of contact angle CL' are deterrrtined by the 

equation 
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Cosa’ = cosa x 0,972402, 
as follows: 

cx 20 0 25 0 0 0 0 - - 30 35 40 (45? 
oc' = 23,97O 28,20° 32,63' 37,20' 41,85* (46,56O) 

The above equaticn is obtained frorn eauation (kl8) 
for 2r/D, = ri/D, + r,/D, = OJl75 + 0,53 = 1,0475, 
C = 0,00045835 anä the specific rollinq body load Fa/ 

ZD 2 w sind = 4,9033 N/m2 (=O,j Kgf,'mm2) o 

1Moreovec t for bearings with cr = 45", which Wer@ not 

included in ISO/R281, Y1 value oE 0,4986 z 030 is 

determined from the same equation (4033)~ anti is 
specified in ISO281/1 together with the values of 
remaining factors Y2, Y3 (3rd e, which are obtained 

from the equation-s (4-32). 

d) Self-aligning ball bearings 

Taking ao = a, r) = 1 and 5 = 1,5, 

Xl = l-0,4x1,5 = 0,4, x2 = 1,62SxO,4 = 0,65, 
Y 1 = 0,4 cotcr / Y2 = 1,625 Y1 = 0,65 cota, 

y3 = o,625 cota 
1,s 

= 0,4167 cota F= 0,42 cot CL, e = 1,s tanz. 

4.2.3 Summarized table of factors X, Y and e for radial ball 
bearinqs 

Tzble 476 Shows the summary for the basic fornclae for calcu- 
1atFng the fectors X, Y and e and CP, 5 an6 q values for exh . 

type of radial ball bearing* 

48 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/TR 86

46
:19

85

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


TA
BL

E 
4-

6 
- 

Su
m

m
ar

iz
ed

 
ta

bl
e 

of
 

fa
ct

or
s 

X 
p 

Y 
an

d 
e 

fo
r 

ra
di

al
 

ba
ll 

be
ar

in
gs

 
8 

D
ou

bl
e 

ro
w

 
be

ar
in

gs
 

m
 

Fa
/F

r 
< 

e 
F,

/Q
 

) 
e 

- w
 I 

S
in

gl
e 

ro
w

 
be

ar
in

qs
 

Be
ar

in
q 

w
?e

 
F,

/F
, 

) 
e 

\ 

y1
 

x3
 

qr
oo

ve
 

be
ar

in
gs

 

y3
 

x2
 

0 
1 

0,
s~

 
--

 rl 

a =S
O

 

a l d
 2 

lo
" 

5 
F 

a 
15

" 

i 
, 

L-
O

& 

& 
20

3 
rt 

& 3 
25

O
 

t3
 

1 
4)

 
; 

3o
” 

Lc
 

a 
35

” 
v4

 
3 

( 
L 

0,
4 

’ co
ta

 
ri 

>/
 

1.
00

 

1,
00

**
* 

1 

0,
87

”*
* 

1,
62

5x
1 

0,
76

**
* 

Se
lf-

 
al

ig
ni

nq
 

ha
rin

gs
 

0,
66

**
* 

0,
57

**
* 

o,
so

**
* 

- 
. 

0,
4 

co
tn

' 
11

 
I 

(F
a/

iZ
D

w
* 

si
na

’) 
m

 

(F
a/

iZ
G

J2
 

si
na

') 
2/

3 

e 
a'

 

I De
te

nn
in

ed
 

I fr
om

 
fo

r-
 

(ta
na

' 
I 

m
ul

a 
(l)

* 
si

n 
5"

 
YT

- 9 
1,

05
 

(fo
r 

S
in

gl
e 

ro
w

) 
1,

25
 

(fo
r 

do
ub

le
 

ro
w

) 
D

et
er

m
in

ed
 

fro
m

 
fo

r-
 

m
ul

a 
(2

)*
* 

1,
62

5~
~ 

* 
Fo

rm
uI

a(
1)

 
co

sS
"/c

os
~'

 
= 

1+
0,

01
25

34
 

It*
 

Fo
rm

da
(2

) 
co

sC
x/

co
sa

' 
= 

l.+
01

01
25

34
 

- 
0,

4 
**

* 
D

et
er

m
in

ed
 

by
 

th
e 

fo
rm

ul
a’

 
Yl

 
= 

co
ta

’ 
l- 

1 
in

a'
 

' 
w

he
re

 
a'

 
is

 
de

te
nn

in
ed

 
fro

m
 

th
e 

fo
rm

ul
a 

C
os

a'
 

I 
-i;

 
Th

e 
Yl

-v
al

uc
s 

1,
04

 
an

d 
0,

09
 

ob
ta

in
ed

 
fo

r 
a 

= 
20

° 
an

d 
25

" 
ar

e 
ad

-ju
st

ed
 

to
 

1,
O

O
 a

nd
 

0,
87

,. 
re

sp
ec

tiv
el

y,
 

to
 

fit
 

8 U
l 

:h
e 

4a
ta

 
fo

r 
?c

 <
 

21
3”

 
sm

oo
th

ly
. 

m
 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/TR 86

46
:19

85

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


ISO/Tf? 86464985 (EI 

4.2.4 Calculated values Y an6 e different from Standard -_-- 

Table 4-7 Shows the Y and e values, which arre calculated by 
contact angle a' given in table 4-4 and differ from the 
values aiven in table 2 of ISO 281/1. The maximum discre?ancy 
is withfn tO,O2. 

This slight differente could be explained by following 
reasons. The values of factors Y and e are related to contact 
angle a'. However, a' cannot be calculated directly for the 
given values of Fa/ZDw2 (or Fa/iZDW2) from equations (4-18) 

and (4-31). 

Therefore, the discrepancies arc thought to be due to the 
inaccuracy of the calculated value of contact angles CL', 

TABLE 4-7 - Calculated values different from Standard (a < 15") 

Radial contact 
groove beariqs 

1 ' *2 3,22 2,76 2,SO 2,34 / / i *l' 1 
a = SO, 4 
double *3 2,77 2,39 2,0s 1,86 . 1,74 1,2s ** 
rOW bearings' 

e 0,31 1 i**! 

Y1 1,87 1,70 1,42 1,24 1,ll t* 
- 1 r 

Y2 3,04 2,76 2,31 2,02 1,80 / ** 
*I a = lo" 0 

y3 2,17 1,77 1,65 l,S8 1,44 1,*29 l I tt l w-6 ‘1 
e 0,3s 0,43 0,48 / 0,53 / 1 ** 

t I 

y1 1,48 '1,31 1,24 ! 1,03 Ir* *+ 

Y2 2,41 2,13 2,02 / 1,67 
** *Ir 

/ 01 = 1s" 

y3 1,66 1,39 1,lS 

l * 

I 

e 0,4s 1 094 l * :: i i 1 

For radial contact groove bearings Fa/iZD 2 * 
w 

** Adjusted values 
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