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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 proce@lures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed*for
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

Hybrid bearings are rolling bearings with raceways consisting of commonly used steel rolling bearings
and rolling elements made from silicon nitride (for definitions, see ISO 5593). Due to the higher modulus
of elasticity of the ceramic rolling elements, hybrid bearings have a noticeably smaller contact ellipse at
the same load than rolling bearings with rolling elements made of rolling bearing steel. This will lead
theoretically to a reduction of the dynamic load-carrying capacity.

In practice, hybrid bearings are used in numerous industrial applications, where these bearings show
at least the same service life as conventional rolling bearings with steel rolling elements. Thus for the
typlcal range of application of hybrid bearings, the theoretical reduction of the dynamic Joad rating
is not observed in actual applications. The smaller contact ellipse and the material ¢empination of
cergmic-steel will lead to noticeably lower surface shear stress in the rolling contact;)whiclf again will
lead to a higher load-carrying ability. This is reflected by defining a higher by, factdr compafed to steel
beafings, which compensates for the higher contact stress under the same load,

Therefore, the formulae specified in this document give the same dynamic 10ad ratings as dlefined per
[S0|281 for rolling bearings with identical internal geometry and rolling-elerents made of steel.

© IS0 2017 - All rights reserved v
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Rolling bearings — Load ratings for hybrid bearings with
rolling elements made of ceramic —

Part 1:
Dynamic load ratings

1
Thi

Scope

5 document specifies methods of calculating the dynamic load ratings for hybrid bea

beafring rings made of contemporary, commonly used, high quality hardened bearing steel, in

wit

h good manufacturing practice and rolling elements made from siliconnitride in con

commonly used, high material and manufacturing quality and surface finish. For balls, IS

tog

pther with ISO 3290-2[2] are applicable. For rollers, ISO 12297-2[31i§ applicable and I1SO

applicable in an analogous way.

2

Normative references

The following documents are referred to in the text in such a way that some or all of th

con

Ktitutes requirements of this document. For dated réferences, only the edition cited 3

undated references, the latest edition of the referenged"document (including any amendmen

ISO
ISO

For

ISO

For

bm

281, Rolling bearings — Dynamic load ratingssand rating life

5593, Rolling bearings — Vocabulary

Terms and definitions
the purposes of this document, the terms and definitions given in ISO 5593 and ISO 281

and IEC maintain terminological databases for use in standardization at the following ad

[SO Online browsifg platform: available at https://www.iso.org/obp

IEC Electropedia: available at http://www.electropedia.org/

Symbols

the purpose of this document, the following symbols apply.

rings with
hccordance
Lemporary,
0 26602l6]
26602[6] is

Pir content
pplies. For
[s) applies.

hpply.

dresses:

ance with good manufacturing practice, the value of which varies with bearing type
Cs  basic dynamic axial load rating, in N
Cr  basic dynamic radial load rating, in N

Cy fatigue load limit, in N (see Annex A)

Dpw  pitch diameter of ball or roller set, in mm

Dy nominal ball diameter, in mm

©IS
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E(x)
fe

Lwe
Qu
Ie

T

VCe
Vst
2P

OHu

roller diameter applicable in the calculation of load ratings, in mm

modulus of elasticity of ceramic rolling elements, in MPa (Ece = 300 000 MPa)

modulus of elasticity of rolling bearing steel, in MPa (Est = 207 000 MPa, according to ISO 281)

complete elliptic integral of the second kind

factor which depends on the geometry of the bearing components, the accuracy to which the
various components are made, and the material

number of rows of rolling elements

D

—

q

(@)

(@)

n

=

o8]

-

—

o8]

Cy

H

ffective roller length applicable in the calculation of load ratings, in mm
itigue load limit of a single contact, in N

Foss-sectional raceway groove radius of outer ring or housing washer, in@am
Foss-sectional raceway groove radius of inner ring or shaft washer,ih mm

mber of rolling elements in a single-row bearing; number of rolling elements per row of
ulti-row bearing with the same number of rolling elements per Tow

pminal contact angle, in degrees

ixiliary parameter, y = Dy x cos @ / Dpy  for ball bearings with a # 90°
Y =Dw/ Dpw for ball'bearings with a = 90°
Y = Dwe x cos a / Dpy forroller bearings with a # 90°
Y = Dwe / Dpw for roller bearings with a = 90°

pduction factor for thrust bearings

bduction factor

djustment factor for exponent variation

isson's ratio of ceramic rolling elements (vce = 0,26)

isson's ratioefrolling bearing steel (vsy = 0,30, according to ISO 281)

rvature§um, in mm-1

brtzian contact stress at which the fatigue limit of the raceway is reached, in MPa

. C . . - - - £l 1]
LI0 O bUllll'llldJUl LO SCIIIIT-IITITION d XIS O UIIC COIILAdCU Ulllpbc

a
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5.1

5.1.

IS0 20056-1:2017(E)

Dynamic load rating
Ball bearings

1 Basic dynamic radial load rating

The basic dynamic radial load rating of a hybrid ball bearing is given by Formulae (1), (2) and (3):

Cr = bm x fo x (i x cos @)0.7 x Z2/3 x Dy, 1.8 for Dyy < 25,4 mm

and

wit

Tab
tob
con
out

Thd
but

5.1

5.1

Thd
For]

and|

pulated guide values for the factor f. are given in‘Annex B. The values of f; given in Tabl

Cr = 3,647 x by x fe x (i x cos )07 x Z2/3 x Dy,14 for Dy, > 25,4 mm

1
xq1+ 1,04( X

(1)

(1 + y)1/3

fc = 29,038 580 x A x
1+7y

0,41

2><r'i 0.3

_— Xy X
2xr -D
w

: 2Xr -
1 1

fact ball bearing inner rings and not larger.than 0,53 Dy, in radial and angular contact b
er rings and self-aligning ball bearing innerrings.

load-carrying ability of a bearing is-not necessarily increased by the use of a smaller gro
it is reduced by the use of a grogveradius larger than those indicated in the previous paf

2 Basic dynamic axial load rating

2.1 Thrust ball bearings with contact angle o < 90°

basic dynamic agialload rating of a hybrid thrust ball bearing with contact angle a < 909

mulae (4), (5) and(6):

Ca = by %% (cos a)07 x tan a x Z2/3 x Dyy1.8 for Dyy < 25,4 mm

)

(2)

3

e B.1 apply

earings with a cross-sectional raceway groove\radius not larger than 0,52 Dy in radial and angular

all bearing

ove radius,
agraph.

is given by

(4)

Ca= 3,647 X by, X Jo X [COS Q)07 X tan @ X Z2/3 X Dy, LA Tor Dy, > 25,4 mm

with

©IS

f =70,825 8060 x A x1n X
¢ 2Xr -
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where

Z is the number of balls carrying load in one direction.

Tabulated guide values for the factor f: are given in Annex B. The values of f; given in Table B.2 apply
to bearings with a cross-sectional raceway groove radius not larger than 0,54 D,y. The load-carrying
ability of a bearing is not necessarily increased by the use of a smaller groove radius, but it is reduced
by the use of a groove radius larger than those indicated in the previous paragraph.

5.1.2.2 Thrust ball bearings with contact angle a = 90°

The basic dynamic axial load rating of a hybrid thrust ball bearing with contact angle a = 90° is givef by
Formulae (|7), (8) and (9):

Ca = byl % fe x Z2/3 x Dy, 1.8 for Dy, < 25,4 mm (7)
and
Ca =3,6/47 x by x fo x Z2/3 x Dy, 14 for Dy, > 25,4 mm (8)
with
3
10 | 10
0,41 0,41 |5
2><ri 03 r 2><re—Dw
f, =70{825 8060 x A x7n x| ————— Xy P xq1+ || mxE—F 9)
2 X ro- D r 2% ro- D
where

Z is|the number of balls carrying load in-gne direction.

Tabulated guide values for the factor f;are given in Annex B. The values of f; given in Table B.2 apply
to bearing$ with a cross-sectional ra¢eway groove radius not larger than 0,54 Dy,. The load-carrying
ability of a|bearing is not necessarily-increased by the use of a smaller groove radius, but it is redyced
by the use pf a groove radius largerthan those indicated in the previous paragraph.

5.1.3 Rafting and reduction factors for hybrid ball bearings

The valued for the factofs by, A and n used in Formulae (1) to (9) for the different kinds of hybrid ppall
bearings ate given ifi\lable 1.

Table 1 — Rating and reduction factors for hybrid ball bearings

Bearing type Dm x 7]
Single row radial deep groove ball bearing 18 0.95 —
Single row and double row angular contact ball bearing ’ ’ —
Double row radial deep groove ball bearing 1,8 0,9 —
Self-aligning ball bearings 1,8 1 —
Thrust ball bearing 1,8 0,9 .
sin o
1-
3

4 © IS0 2017 - All rights reserved
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5.2 Roller bearings

5.2.1 Basic dynamic radial load rating

The basic dynamic radial load rating of a hybrid radial roller bearing is given by Formulae (10) and (11):

Cr = bm x fo % (i * Lye x cos @)7/9 x Z3/4 x Dy,¢29/27 (10)
with
=Z
919
2/9 29/27 143 12
YU x(1-y -
f. =142,846 97 x A X v X ( ) x31+|1,04x 1oy juoe (11)
¢ 1/4 1+y
(1 + y)

Tabpulated guide values for the factor f; are given in Annex B.
5.2{2 Basic dynamic axial load rating

5.2/2.1 Thrustroller bearings with contact angle « < 902

Thg basic dynamic axial load rating of a hybrid thrust reller bearing with contact angle a < 90° is given
by formulae (12) and (13):

Ca = bm * fc x (Lwe % cos @)7/9 x tan ax Z3/4 x Dy,e29/27 (12)
with
-2
9] 9
2 7o 29/27 143 12
ol X(l—?’) 1—7v 108
f. =380,092 23 x A X v X 1% x41+ || —= (13)
¢ 1/4 1+y
(1+}/)

Tabjulated guide valGeg for the factor f; are given in Annex B.

5.2J2.2 Thrustroller bearings with contact angle @ = 90°

The basic dynamic axial load rating of a hybrid thrust roller bearing with contact angle a = 90° is given
by Formulae (14) and (15):

Ca=Dm X - X e 1K I31 4 Dyya2 97 2? (14)
with

fo=326,83026 x A x v x 1 x y2/9 (15)
where

Z is the number of rollers carrying load in one direction.

© IS0 2017 - All rights reserved 5


https://standardsiso.com/api/?name=01f614890ad9a2418b338990f946f716

ISO 20056-1:2017(E)

5.2.3 Rating and reduction factors for hybrid roller bearings

The values for the rating factors by, A x v and 1 used in Formulae (10) to (15) for the different kinds of
hybrid roller bearings are given in Table 2.

Table 2 — Rating and reduction factors for hybrid roller bearings

Bearing type by a Axv n
Radial roller bearing 1,6 0,83 —
Thrust roller bearing 1,45 0,73 1-0,15sin a
a | No by factor has been defined for spherical roller bearings and tapered roller bearings.

6 © IS0 2017 - All rights reserved
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Annex A
(informative)

Calculation of the fatigue load limit C,

General
=enera:

Thd
cala
pro

A.2

A2

fatigue load limit C, is calculated generally according to ISO 281:2007, Annex B;~howj
ulating the fatigue load limit of a single contact (see ISO 281:2007, B.3.2), the|diffeq
perties of the ceramic rolling elements have to be taken into account.

Fatigue load limit of a single contact

.1 Ball bearings

Differing from ISO 281, the fatigue load limit at a single inner ring (shaft washer) raceway

cala

Att

For
nity

For

ulated as shown in Formula (A.1):

2
32my,

3

1 1 _VStz 1 _VCeZ E(li)
X| —X + X
2 ECe zpi

ESt
he outer ring (housing washer) raceway contact, Formula (A.2) applies:

_ 3
Qui - GHu X

2
1—vSt 1—vCe2 E(;(e)

+ X
Eg, Ece Zpe

the typical material properities of rolling bearing steel, vst = 0,3 and Es = 207 000 MPa,
ide, vce = 0,26 and Ece 5300 000 MPa, Formulae (A.1) and (A.2) can be simplified to Forn

32ny, 2

3

_ 3 1
Que—O'Hu X X Ex

E(%e) 2

Zpi,e

the calculation of the fatigue load limit, the actual curvature radii of the ball and racqg

-10 3
Qui'e =4,717 6x20 X0, X Xie X

be used.

Thd

calculation of the Hertzian parameters y and E(x) is described in ISO 281:2007, B.3.2.1.3.

ever, when
ent elastic

r contact is

(A1)

(A.2)

and silicon

hula (A.3):

(A.3)

ways shall

For a hybrid ball bearing with balls made from silicon nitride, the fatigue load limit is reduced to about
73 % of the fatigue load limit of a bearing with identical dimensions and with balls made from rolling

bea

A2

ring steel.

.2 Roller bearings

The calculation of the fatigue load limit of a profiled line contact demands a complex numerical
calculation according to ISO 281:2007, B.3.2.1.3. The modulus of elasticity and the Poisson's ratio of the
ceramic rolling element have to be taken into account.

For a roller bearing with rollers made from silicon nitride the fatigue load limit reduces to some 85 %
of the fatigue load limit of a bearing with identical dimensions and with rollers made from rolling

bea

ring steel.

© IS0 2017 - All rights reserved
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B.1 Rajial—ba-l-l—bea-r—ings—
14DI€ B.1 DSS-

Annex B
(informative)

Tabulated guide values for the factor /.

Table B.1 provides guide values for the factor f.. These values were calculated for bearings with'cr

sectional raceway groove radii given in 5.1.1. Lower values apply to bearings with larger crosstsectignal
raceway gitoove radii. The use of Formula (3) is preferred.
Table B.1 — Guide values of factor f for radial ball bearings
Factor f;
a Single-row radial contact .
D, xcpsa ball bearings and single- Double-row dSmgle-row and
S . ouble-row self-
D row and double-row radial contact aligning ball
W angulgr co-ntact ball ball bearings bearings
earings

0,01t 21,0 199 7,2

0,0p 259 24,5 9,0

0,0B 29,1 27,6 10,3
0,0¢ 31,6 30,0 11,5
0,0p 33,7 319 12,5
0,0p 35,5 33,6 13,4
0,0 369 35,0 14,4
0,0B 38,1 36,1 15,2
0,0p 39,2 371 16,1
0,1p 40,1 38,0 16,9
0,1t 40,9 38,7 17,7
0,1p 41,5 39,4 18,5
0,1B 42,0 399 19,2
0,1¢ 42,5 40,2 20,0
0,1p 42,8 40,5 20,7
0,1p 43,0 40,8 21,5
0,1y 43,2 41,0 22,2
0,18 43,3 41,0 229
0,19 43,3 41,0 23,5
0,20 43,3 41,0 24,2
0,21 43,2 40,9 24,8
0,22 43,0 40,8 25,4
0,23 42,8 40,6 26,1
0,24 42,6 40,4 26,6
0,25 42,3 40,1 271
0,26 42,0 39,8 27,6
0,27 41,7 39,4 28,0

© ISO 2017 - All rights reserved
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Table B.1 (continued)

Factor f.
a Single-row radial contact Sinele-row and
D, xcosa ball bearings and single- Double-row doulg)le-row self-
D row and double-row radial contact aligning ball
pw angular contact ball ball bearings b‘i ariﬁ s
bearings g
0,28 41,2 39,1 28,5
0,29 409 38,7 28,8
0,30 40,4 38,3 9,1
0,31 399 37,8 29,3
0,32 39,4 374 29,5
0,33 389 36,9 29,7
0,34 38,4 36,4 29,8
0,35 37,8 359 29,8
0,36 37,3 35,3 29,8
0,37 36,8 34,8 29,8
0,38 36,1 84,2 29,6
0,39 35,5 33,7 29,4
0,40 35,0 331 29,2
DW X cos o
a Values of f; for intermediate values of are-obfained by linear interpolation.
D
pw

B.Z Thrust ball bearings

Tabje B.2 provides guide values for thefactor f.. These values were calculated for bearings wjith a cross-
sectional raceway groove radii givenin 5.1.2. Lower values apply to bearings with larger crogs-sectional
rac¢way groove radii. The use oftFormulae (6) and (9) is preferred.

TableB.2 — Guide values of f; for thrust ball bearings

DW ; Je DW X COS O a Je

< a=90° D a=45°b a=60° a=7%
pw pw

0,01 26,5 0,01 30,4 28,3 26,9
0,02 32,6 0,02 37,3 34,7 33,2
0,03 36,9 0,03 42,0 39,1 37,3
0,04 40,2 0,04 45,7 42,5 40,5
0,05 43,0 0,05 48,6 45,2 43,1
0,06 45,4 0,06 51,1 47,5 45,3
0,07 47,5 0,07 53,1 49,4 47,1
0,08 49,5 0,08 54,8 51,1 48,6
0,09 51,3 0,09 56,3 52,4 50,0
0,10 52,9 0,10 57,6 53,6 51,1
0,11 54,5 0,11 58,6 54,5 —
0,12 55,9 0,12 59,4 55,3 —
0,13 57,3 0,13 60,2 56,0 —

© IS0 2017 - All rights reserved
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Table B.2 (continued)

fe fe
D 2 D Xxcoso 2
_w w0
D a=90° D a=45°b a=60° a=75°
pw pw
0,14 58,6 0,14 60,7 56,6 —
0,15 59,7 0,15 61,2 56,9 —
0,16 61,0 0,16 61,5 57,2 —
017 62,0 017 61,7 574 —
0,18 63,1 0,18 61,8 57,5 —
0,19 64,1 0,19 61,8 57,5 — Q
0,20 65,1 0,20 61,7 574 NG
0,21 66,1 0,21 61,5 — J&
0,22 67,0 0,22 61,3 - -
0,23 68,0 0,23 61,0 — -
0,24 68,8 0,24 60,7 <~ —
0,25 69,6 0,25 60,2 A= —
0,26 70,5 0,26 598 K — —
0,27 71,3 0,27 5920V — —
0,28 72,1 0,28 587 — —
0,29 72,8 0,29 58,1 — —
0,30 73,6 0,30 575 — —
0,31 74,3 — oY = — —
0,32 75,0 — v — — —
0,33 75,7 = — — —
0,34 76,4 Ry _ _ _
0,35 771 S —_ _ _
D DW X
a Vhlues of fe for —* or and/or contact angles other than those shown in the table
DpW + pw
are pbtained by linear ir@olation.
b Fpr thrust beari > 45°, Values for a = 45° are given to permit interpolation of values for a
betyeen 45° and
/\?‘
\%

10 © IS0 2017 - All rights reserved
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B.3 Radial roller bearings

Table B.3 gives guide values for the factor f.. These values are guide values applicable only to roller
bearings in which, under a bearing load, the contact stress is substantially uniform along the most
heavily loaded roller/raceway contact. Smaller values of f; than those given in Table B.3 should be used
if, under load, an accentuated stress concentration is present in some part of the roller/raceway contact.

Table B.3 — Guide values of /. for radial roller bearings

nwe X COS QL f
e C
b, X
0,01 35,8 N4
0,02 418 ,&
0,03 45,70
0,04 486"
0,05 )
0,06 & V529
0,07 < 545
0,08 ) 55,8
0,09 NN 56,9
0,10 RN 579
0,11 N 58,7
0,12 R\ 59,4
0,13 RN\ 59,9
0,14 xO 60,3
0,15 O 60,6
016 (O 60,8
017 A\ ° 61,0
0.18)" 61,1
019 61,1
570,20 61,0
59 oz 60,8
Y o 60,6
e \ad 0,23 60,4
i 0,24 60,2
N 0,25 59,8
[ 026 594
0,27 59,0
0,28 58,6
0,29 58,1
0,30 57,6
D Xcosa
a Values of f. for intermediate values of WeD— are obtained by linear interpolation.
p

© IS0 2017 - All rights reserved 11
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