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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

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

Attention|is drawn to the possibility that some of the elements of this document may)be the subject
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Introduction

Different calculating methods for static and dynamic load ratings of spherical plain bearings have been
used in different countries, thus making it difficult to compare different solutions. A unified method for
the calculation of static and dynamic load ratings has been standardized in ISO 20015.

[SO 20015 leaves the load rating factors to the manufacturers to determine because they are dependent
on design and material. Bearing manufacturers don't have unified methods to determine these factors

themselves. This document gives the supplementary background information regarding the derivation
of factorsin ISQ 20015

© IS0 2020 - All rights reserved v
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Spherical plain bearings — Derivation of the load rating
factors

aefors given

2 | Normative references

Thlere are no normative references in this document.

3 | Terms and definitions
No|terms and definitions are listed in this document.
IS and IEC maintain terminological databases for use in standdrdization at the following addliresses:

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

—| IEC Electropedia: available at http://www.electrepedia.org/

4 | Symbols

A contact area on bearing sliding surface, in square millimetres (mm?2)

B inner ring width, inmilimetres (mm)

C outer ring widthjin millimetres (mm)

C effective width of distribution of contact load, in millimetres (mm)

c (o) effectiVe width of distribution of contact load function versus 6, in millimetrds (mm)
C, dynamic axial load rating, in newtons (N)

C. dynamic radial load rating, in newtons (N)

Co static axial load rating, in newtons (N)

(o statieradiaHoadratingHrrewtens{NY

D outside diameter, in millimetres (mm)

D¢y smallest diameter of sliding contact surface of the outer ring, in millimetres (mm)
D¢, largest diameter of sliding contact surface of the outer ring, in millimetres (mm)
d bore diameter, in millimetres (mm)

dy sphere diameter, in millimetres (mm)

F, axial load, in newtons (N)

© IS0 2020 - All rights reserved 1
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p(6)
r(B)
p(6.B)
p(6,¢)
P.(6)
pa(B)
P.(6.5)
p(0)
p(B)
p.(6,B)
p(6.4)

=

radial load, in newtons (N)

factor for the calculation of dynamic axial load ratings of the sliding contact area, which
depends on design and material, in newtons per square millimetre (MPa)

factor for the calculation of axial load ratings of the sliding contact area for angular con-
tact radial spherical plain bearings and angular contact thrust spherical plain bearings,
function versus 7, in newtons per square millimetre (MPa)

factor for the calculation of radial load ratings of the sliding contact area for angular con-

Tact Tadiat sphericat ptatr bearings, function VETrsus 6, and 7, I NEWTonS per square
millimetre (MPa)

factor for the calculation of static axial load ratings of the sliding contact area, whjch
depends on design and material, in newtons per square millimetre (MPa)

factor for the calculation of dynamic radial load ratings of the sliding.contact area, whjch
depends on design and material, in newtons per square millimetré€ (MPa)

factor for the calculation of radial load ratings of the sliding contactarea for radial spherikal
plain bearing, function versus ¢, in newtons per square millimetre (MPa)

factor for the calculation of static radial load ratings-of the sliding contact area, whjch
depends on design and material, in newtons per square millimetre (MPa)

axial contact stress distribution dimensionlessifuriction versus

contact stress distribution dimensionless,furiction versus 6 and{ for angular contct
radial spherical plain bearing

radial contact stress distribution dimensionless function versus 6

surface integral of radial contaet stress distribution dimensionless function versus 6
surface integral of axial contact stress distribution dimensionless function versus t
factor affecting the aecuracy for manufacturing (k< 1)

contact stress function versus 6, in newtons per square millimetre (MPa)

contact stress.function versus f3, in newtons per square millimetre (MPa)
contactstiress function versus 6 and f3, in newtons per square millimetre (MPa)
contact stress function versus 6 and ¢, in newtons per square millimetre (MPa)

axial contact stress function versus 6, in newtons per square millimetre (MPa)

axial contact stress function versus f, in newtons per square millimetre (MPa)

axial contact stress function versus 8 and f5, in newtons per square millimetre (MPa)
radial contact stress function versus 6, in newtons per square millimetre (MPa)
radial contact stress function versus f5, in newtons per square millimetre (MPa)
radial contact stress function versus 8 and 3, in newtons per square millimetre (MPa)
radial contact stress function versus 6 and ¢, in newtons per square millimetre (MPa)

allowable contact stress of bearing material, in newtons per square millimetre (MPa)

© IS0 2020 - All rights reserved
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Thie calculation-6f the radial load rating and the axial load rating for radial spherical plain
bular contactthrust spherical plain bearings and angular contact radial spherical plain b
blained ja Formulas (1) to (42).

an
ex

6

(6)

ax

General

Radial spherical plain bearings

ISO/TR 20051:2020(E)

variable of integration of radius of contact area

width of contact area in spherical surface direction, in millimetres (mm)
variable of integration of width of contact area in spherical surface direction
bearing width, in millimetres (mm)

coordinate variable along z axis

aure 3)
variable angle in arising contact area, in radians (rad) (see Figure 3)
dimensionless parameter of radial internal clearance ratio versus sphere dian
dimensionless variable ({ =z /C)

boundary value of dimensionless variable { versus 6

variable of integration of load distribution angle along-the circumferential di
radians (rad)

maximum angle of load distribution along the eifcumferential direction, in rad
factor of effective contact width of outer ring'of bearing

bearing nominal contact angle, in radians (rad)

smallest contact angle to diameteriof sliding contact surface, in radians (rad)

largest contact angle to diameter of sliding contact surface, in radians (rad)

eter

rection, in

ians (rad)

variable of integration of-load distribution angle perpendicular to the circuinferential

direction, in radiansg-(rad)

maximum angletof load distribution perpendicular to the circumferential di1
radians (rad)

rection, in

bearings,
earings is

6.1 Bearing load distribution on the sliding contact area

When the bearing supports a radial load F,, the radial load distribution on the bearing sliding contact
area is shown in Figures 1 and 2.

© IS0 2020 - All rights reserved
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Figure 1 — Radial spherical plain bearing under radial load F,

z

<+

Figure|2 — Radial load distribution and projected contact area on the bearing contact area
along a circumferential direction under radial load F,
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The contact distributed load p(6,¢)is a function of 8 and ¢. The radial load F, is the integral of the
component of the distributed load p(6,¢) acting in the direction of the radial load F, on the bearing
contact area along the circumferential direction.

J.A p(6,¢)cosBcospdA=F,

where

Th

k
UA— —Lqu}uu—7uuu4

cosp 2

e limits of integration area A4 of contact stress is set by

ce)_,_C®

-6,<0<6,, -
0 0 2 2

Thien, Formula (1) can be changed as

Ify

6o dy
J. p(6, (p)COSQCOS(pdAJ. j 0)/2p(9,(p)cosecosq)7d9dz

d, 6,
:%J_eocosedO'[ coy2 p(9,(p)c05(pdz:1:'

ve set p.(6,)=p(6,p)cosp and C—z/c_’ , =80 (0)C<E,(0), then

C(6)/2 %00
-ty @ 9)cosedz=C [ b (0.0)dc

Thjus Formula (1) becomes

60(9)

(6,8 )cos6dod F.
Co(9) &) 6=

J. p(6,p)cosOcospdA=C kj J-

Fofmula (6) is the basis of caloulating the radial load ratings of the radial spherical plain bear

6.1
%

p Bearing load rating

nen the radial load’'reaches the load rating, and if we set

P (6,£)=pg, (6,¢)

Then the’Formula (6) becomes

E%ﬁj °0 J 97 g.(6,¢)cos0dod¢ =C.

—o(0)
If we set
(0, oded
j J » 9) 9, (0,{)cos 4
Then the radial load rating is

©lI

Cr =Edkﬁ1(90)
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6.3 Bearing load rating calculation for engineering

If the nominal bearing sizes (C, d,) are used to calculate the load rating of the bearing, and taking into
account the influence of manufacturing errors of the bearing, the radial load rating can be expressed by:

C.=Cdf, (€) (11)
where
. (€)=Bkul8 Lg% 1590 g r\osadaar 42)
r LSAUSRE N V) 21" I'J_QOJ_cO(Q)dr\ 57 > T
C=u( 13)
f, (¢) is njelated to the radial spherical plain bearing design, sizes, material and manufacturing qualjty.
For the stptic load rating, p could be taken as the damage limit of the material. For the dynamic lqad
rating, p fould be taken as the wear limit of the material.
For radiallspherical plain bearings, the values of f, (¢) may be agreed with thejmanufacturing compgny
for the regpective materials.
The statiqand dynamic radial load rating C,,. and C_ are calculatedvith factors f;, and f. which dan
be definefl based on the calculated values of the factor f.(g).“And for the basic load ratings the
manufactyiring company may be consulted to select f;,, and f. for’engineering.
Typical values of factors f;. and f,. for radial spherical plainbearings with steel/steel contacting surfages
are showr in Table A.1.
7 Angular contact thrust spherical plain bearings
7.1 Bedring load distribution on the sliding contact area
When the|bearing supports an axialdead F,, the axial load distribution on the bearing sliding contact
area is sh¢wn in Figures 3 and 4.
®0Ds,
A
Z
~1 G | @
= i
LA\ L)
P Yl P
Pr(/})_>
b0
1.
P ol 3
Figure 3 — Angular contact thrust spherical plain bearing under axial load F,
6 © IS0 2020 - All rights reserved
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The contact distributed load p(6,B) is a function of 6 and f. In this case, p(8/3) has

did
did

Thie integral of the distributed load is

Fo

Thien Formula (17) is rewritten-as:

Fo
be

ISO/TR 20051:

under axial load F,

tribution along 6. Therefore, p(6,8) becomes p(B). In the radial and axial' directio
tributed loads are respectively

p. (6,8)=p(6,B)sinp
P, (6,8)=p(6,B)cosp

J.A p, (6,B)cos8dA=0

[, pa0.p)aa=F,

- axial load, if

dA=2nrds=2nrdr /cosf

[, pa(0.p)aa=] p(9,ﬁ)cos(ﬁ)2nrds=2n_[DL)SZ//Zzp(ﬁ)rdr=Fa

S1

Fmula (19) isthe/basis of calculating the axial load rating of the angular contact thrust sphe
hrings.

2020(E)

direction

h uniform
h, contact

(14)

(15)

(16)

(17)

(18)

(19)

rical plain
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7.2 Bearing load rating

When the axial load reaches the load rating, and if we set

p(B)=pg, (B) (20)
Then Formula (19) becomes
Dg, /2 D522 _
ZTEJ. . p(ﬂ)rdr—ZTcpJ.Dq/2 g, (B)rdr=C, (21)
If we set
| Dg, /2 )
J@)2n [, g (Byrdr (12)

Then the #xial load rating is

¢,=p{(z) (23)

7.3 Begdring load rating calculation for engineering

When the|bearing is loaded at an axial direction, p has a uniform¢distribution, g, () = 1. The conthact
sizes (Dg|, Dg, )of the bearing are used to calculate the sliding contact area.

NOTE Chamfer blending may be considered when calculatingthe sliding contact area.
Then
2 2
](T)=TC[[%) _(%) :lzg[(DSZ _D51)(DSZ +DSl ):I (:"'4)
where
Dy =flsin(7gy ) (25)
Dy, =4l sin(7g, ) (26)

While considering the influence of the bearing manufacturing errors, the axial load rating can |be
expressed by, then

2 2
C,=f] (T)n[(l)zﬁj —[Dizlj } (27)
where
f, (v)=kp (28)

f, (t) is related to the angular contact thrust spherical plain bearing design, sizes, material and

manufacturing quality. For the static load rating, p could be taken as the damage limit of the material.
For the dynamic load rating, p could be taken as the wear limit of the material.

For angular contact thrust spherical plain bearings, the values of f, (7) may be agreed with the
manufacturing company for the respective materials.

8 © IS0 2020 - All rights reserved
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The static and dynamic axial load rating C,,, and C, are calculated with factors f;, and f,, which can be
defined based on the calculated values of the factor f, (r). And for the basic load ratings the

manufacturing company may be consulted to select f;,, and f, for engineering (see Annex A.2).

8 Angular contact radial spherical plain bearings

8.1 Bearing load distribution on the sliding contact area

w . . . case, the
didtribution of contact pressure is more complicated. To simplify the calculation, the contact pressure
is flecomposed to radial and axial. The radial load distribution on bearing sliding contact area by the
radlial load F, is shown in Figure 6 a). The axial load distribution on bearing sliding gontact afea by the
axjal load F, is shown in Figure 6 b).

o0

o
N
S

80,
\'—\
o
.
oh
N> I
dd

r* plo, B

~— (8, f3)
T\yp I

20, f) pla, f3)

Figure 5 — Angular contactradial spherical plain bearing under radial load F, and axial load F,

ola, il

a) Radial load distribution b) Axial load distribution

Figure 6 — Load distribution on the bearing contact area along a circumferential direction
under radial load F, and axial load F,

The integral of the distributed load is

J-A p, (6,B)cos0dA=F, (29)

© IS0 2020 - All rights reserved 9
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where

[, pa(6.B)aa=F, (30)
p, (6.8)=p(6,B)sinp (31)
P, (6.8)=p(6,5)cosp (32)

8.2 Besg

8.2.1

For angul
be consid

G

ring load rating

bneral

hr contact radial spherical plain bearings, the radial load rating and the axialload rating n
bred respectively.

ay

8.2.2 Rhpdial load rating
If only th¢ radial load rating is considered, similar to the radial sphericdl plain bearings, the bearing
radial loadl rating is

C.=C{, pl(6,,7) (33)
where

0)

1(6,.1) j jg"( (6,¢ )cos8dOd! (34)
9,y (6,8)|is contact stress distribution dimensionless function for angular contact radial spherigal
plain beafring, under axial load rating and-radial load rating. -6, <6<6, ,0<2z<C(09), {=z/C,
0<{<¢,(0),p.(0,)=pg,, (0,0) [see Figure 6 a)].
8.2.3 Akial load rating
If only thd axial load rating is.considered, similar to the angular contact thrust spherical plain bearinigs,
the bearing axial load rating.Js

C,=pf(7) (35)
where

D, /2 ]
J(0)42m| > g, (B)rdr (36)

vls1/4

If p, is assumed as uniform distribution, g, (#) = 1 [See Figure 6 b)]. Then

J()= nl(Dzz T (Dzl T]%[(DSZ—DM)(DSZWM)] (37)

where

Dgy =dysin(7g; )

Dg, =d, sin(7g, )

10

(38)

(39)
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