INTERNATIONAL ISO
STANDARD 14728-1

Second edition
2017-02

Rolling bearings — Linear:motion
rolling bearings —

Part 1:
Dynamic load ratings and rating|life

Roulements — Roulements & mouvement linéaire —

Partie 1: Charges dynamiques de base et durée nominale

Reference number
1SO 14728-1:2017(E)

©1S0 2017



https://standardsiso.com/api/?name=9240023a6e3b08c6aa14418e3692e001

ISO 14728-1:2017(E)

COPYRIGHT PROTECTED DOCUMENT

© IS0 2017, Published in Switzerland

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized otherwise in any form
or by any means, electronic or mechanical, including photocopying, or posting on the internet or an intranet, without prior
written permission. Permission can be requested from either ISO at the address below or ISO’s member body in the country of
the requester.

ISO copyright office

Ch. de Blandonnet 8 « CP 401
CH-1214 Vernier, Geneva, Switzerland
Tel. +41 22 749 01 11

Fax +41 22 749 09 47
copyright@iso.org

www.iso.org

ii © ISO 2017 - All rights reserved


https://standardsiso.com/api/?name=9240023a6e3b08c6aa14418e3692e001

Contents

1SO 14728-1:2017(E)

Page
FOT@WONM ... oottt iv
00T 00 X0 ) ot o (0) o VOSSOSO \ 14
1 S0P ... 1
2 Normative references
3 Terms and definitions
4' S_y lllbU}D
5 Basic dynamic load ratings

5.1 Linear ball BEArinGS ... eeeseessieresieessmessssieesssnsessesessenessseess koo
5.1.1 Recirculating linear ball bearings, sleeve type with raceway gtrooves.... ... .
5.1.2  Recirculating linear ball bearings, sleeve type without racéway grooves........
5.1.3  Recirculating linear ball bearings, linear guideway, carriagé€ type........}ccee
5.1.4  Non-recirculating linear ball bearings, linear guideway,/deep groove and
fOUr-POINT-CONTACE LYPES oo oy s
5.2 Linear roller bearings ... O I N
5.2.1  Recirculating linear roller bearings, linear guideway, carriage type.......J...cc......
5.2.2  Non-recirculating linear roller bearings, linear guideway, flat, V-angle and
CroSSEd TOIIET LYPES ..oy e e
6 Dynamic equivalent LIoad ... A i
7 Basic Tating Life. ... M et e
L2310 10T e 0N 1] O SRS O

© IS0 2017 - All rights reserved

iii


https://standardsiso.com/api/?name=9240023a6e3b08c6aa14418e3692e001

ISO 14728-1:2017(E)

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 neededfor
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

It is often impractical to establish the suitability of a linear motion rolling bearing selected for a specific
application by testing. The following procedures have proved to be an appropriate and convenient
substitute for testing:

— life calculation with dynamic load (ISO 14728-1);

— static load safety factor calculation with static load (ISO 14728-2).

ThedHeefatinrearmetionbearingisgiven by the distancewhichone et the racewayseovesyin relation
to the other raceway, before the first evidence of fatigue develops in the material of one of the raceways
or dne of the rolling elements.

Theg formulae for calculating the basic dynamic load ratings are derived from the theory of Jundbergl[Z]
and Palmgrenl(8l.

© IS0 2017 - All rights reserved v
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INTERNATIONAL STANDARD

ISO 14728-1:2017(E)

Rolling bearings — Linear motion rolling bearings —

Part 1:
Dynamic load ratings and rating life
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Scope
5 document specifies methods of calculating the basic dynamic load rating andybasic

Hened bearing steel in accordance with good manufacturing practice and basically of ca
gn as regards the shape of the rolling contact surfaces. The life of linear motion rolling
ned and the conditions are established for reliable life calculations.

face of the machine equipment, unless that surface is equivalentdimall respects to the rac
ar motion rolling bearing component it replaces.
Normative references

re are no normative references in this document.

Terms and definitions

the purposes of this document, the terims and definitions given in ISO 281 and ISO 55
bwing apply.

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

IEC Electropedia: availablésat'http: //www.electropedia.org/

[SO Online browsing platform: available at http://www.iso.org/obp

jrculating linear’ball bearing, sleeve type, with or without raceway grooves
cally cylindrical sleeve provided with a number of closed loops of recirculating balls
eve linear Yolling motion along a hardened cylindrical shaft

e 1 to entry: See Figure 1.

e 2-to entry: The raceways in the sleeve can be designed cylindrical as well as steel inserts w

rating life

linear motion rolling bearings manufactured from contemporary, commonly~used, high quality,

nventional
bearings is

5 document is not applicable to designs where the rolling elements-operate directly on the slide

bway of the

D3, and the

dresses:

esigned to

ith raceway

gro

VES paratter to the axis.
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Figure 1 — Recirculating linear ball bearing, sleeve type

3.2
recirculating linear ball (or roller) bearing, linear guideway, carriage type
linear ballf (or roller) bearing provided with a number of symimetrically arranged, closed loopp of
recirculatipg balls (or rollers) designed to achieve linear rollittg motion along a hardened guidevay
furnished yith adequate raceways

Note 1 to entry: See Figure 2.

Figune2,— Recirculating linear ball (or roller) bearing, linear guideway, carriage type

2 © IS0 2017 - All rights reserved
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3.3
non-recirculating linear ball bearing, linear guideway, deep groove type
linear bearing with balls as rolling elements, each ball having two points of contact

Note 1 to entry: See Figure 3.

Note 2 to entry: The cross-sectional radii of the raceway grooves in the two guideways are equal and may lie

between 0,52 Dyy and infinity.

Figure 3 — Non-recirculating linear ball bearing, linear guideway, deep groove

3.4
non-recirculating linear ball bearing, linear guideway, four-point-contact type
lingar bearing with balls as rolling elements, each ball having four points of contact

Note 1 to entry: See Figure 4.

Notg¢ 2 to entry: The cross-sectional radii of.the raceway grooves for the four points of contact
guideways are equal and may lie between 0,52 Dy, and infinity.

[ype

in the two

Figure 4 — Non-recirculating linear ball bearing, linear guideway, four-point-contact type

© IS0 2017 - All rights reserved
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3.5
non-recirculating linear roller bearing, linear guideway, flat type
linear bearing with needle rollers or cylindrical rollers as rolling elements

7
¥

Figure 5 — Non-recirculating linear roller bearing, linear guideway, flat type

Note 1 to entry: See Figure 5.

3.6
non-recir¢ulating linear roller bearing, linear guideway, V-angle type
linear beaifing with guideways designed as parts of a V with a 902angle

Note 1 to eIry: See Figure 6.

Note 2 to enftry: Needle rollers or cylindrical rollers are used ds‘rolling elements.

Figure 6 ==Non-recirculating linear roller bearing, linear guideway, V-angle type

4 © IS0 2017 - All rights reserved
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non-recirculating linear roller bearing, linear guideway, crossed roller type
linear bearing with cylindrical rollers arranged in a crossed roller construction

Not

3.8
life
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oth
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reliability
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Not
will

3.1
ba
<fo

beafrings operating undet the same conditions> life associated with 90 % reliability, with con
con|

3.1

basjic dynamic load rating of a linear motion rolling bearing

con

ratingdife of 105 m

e 1 to entry: See Figure 7.

Figure 7 — Non-recirculating linear roller bearing, linear guideway, crossed rolle

 an individual linear motion rolling bearing> distanceene of the raceways moves in reld
br raceway before the first evidence of fatigue develops'in the material of one of the racev
he rolling elements

a group of apparently identical linear motion rolling bearings operating under the same ¢
Ccentage of the group that is expected to'attain or exceed a specified life

e 1 to entry: The reliability of an indijsidual linear motion rolling bearing is the probability that
attain or exceed a specified life.

ic rating life
" an individual linear\motion rolling bearing or a group of apparently identical linear mo

|

Stant.stationary load that a linear motion rolling bearing could theoretically endure

I type

ition to the
ays or one

onditions>

the bearing

fion rolling
Lemporary,

monly used matérial and manufacturing quality and under conventional operating condjfitions

for a basic

Note 1 to entry: If a basic rating life of 5 x 104 m is used to define the basic dynamic load rating, then a conversion

fact

©IS

or should be used as shown below:

for basic dynamic load rating of linear ball bearings:

_ CSOB

I =208
1008 = 4 976

for basic dynamic load rating of linear roller bearings:

— CSOR

I = _50R
100R 1723
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3.12

dynamic equivalent load

constant stationary load under the influence of which a linear motion rolling bearing would have the
same life as it would attain under the actual load conditions

3.13
direction of load
direction of load applied for load rating calculation

Note 1 to entry: For calculation of basic dynamic load ratings, the direction of the load is defined for all linear
motion bearings as shown by the arrows in Figure 8.

slzz2

Rolling bearing defined in

,
[

Figure 8.~ Direction of load

3.14

pitch diameter
<of recircylating linear ball bearing, sleeve type> diameter of the circle containing the centres of|the
balls in conptact with the raceways, in a plane perpendicular to the bearing axis

3.15
nominal cpntact angle
angle between the direction of load on the linear bearing and the nominal line of action of the resulfant
of the forcgs transmiitted by a bearing raceway member to a rolling element

Note 1 to eTry: See Figure 9.

Figure 9 — Nominal contact angle

6 © IS0 2017 - All rights reserved
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4 Symbols

For the purposes of this document, the symbols given in ISO 281, ISO 15241 and Table 1 apply.

Table 1 — Symbols, terms and units

Symbol Term Unit
Rating factor for contemporary, commonly used, high quality, hardened bearing steel in
by |accordance with good manufacturing practice, the value of which varies with bearing type 1
and design
C Basic dynamic load rating N
Co Basic static load rating N

Basic dynamic load rating for linear ball bearings calculated for a basic rating life of]

Gbos 5x104m N
tor Basic dynamic load rating for linear roller bearings calculated for a basic rating’life of N
5x104m
Cloo |Basic dynamic load rating for linear ball bearings calculated for a basic rating life of 105 m| N
Cloor |Basic dynamic load rating for linear roller bearings calculated for ebasic rating life of 105 n N
o Adjustment factor_for re_circulating lin(_ear ball beariqgs, sleeve type, with or without race- 1
way grooves, applicable in the calculation of load ratings
Ipw |Pitch diameter of ball rows mm
Pw Ball diameter mm
Dwe |Roller diameter applicable in the calculation of load ratings mm
F Load on bearing N
£ Fac‘For that depends on the geometry of the bear}'ng components, the accuracy to which th¢ 1
various components are made, and on théamaterial
. _Correction factor fqr short _stroke application, a_p_plicable for recirculating linear ball bear- 1
ings, sleeve type with or without groeves, specified by the manufacturer
Number of rows of balls or rollets’applicable in the calculation of load ratings
i NOTE In the case of recirculating linear bearings, sleeve type, it is the total number of 1

rows of balls.

Number of load-carrying rows of balls in loaded zone -90° < ¢; < +90° of recirculating line}
it ar ball bearings, sleeve type, with or without raceway grooves, applicable in the calculatiop 1
of load ratings

f<p Dynamic load\factor 1
. Factor forrecirculating linear ball bearings, sleeve type, with or without raceway grooves 1
! applicablé in the calculation of load ratings
Bwe |Roller'length applicable in the calculation of load ratings mm
L1o , tBasic rating life associated with 90 % reliability 105 m
I Travel length of linear bearings mm
Raceway length applicable in the calculation of [oad ratings. For recirculating linear bear-
I ings, that of sleeve or carriage, determined by the manufacturer, and for non-recirculating
t . . . . . mm
linear bearings, that of guideway, equal to the centre distance between the load-carrying
balls or rollers at both ends of one row
Dynamic equivalent load N
p Exponent 1
Ig Cross-sectional radius of the raceway groove on guideway mm
tw Centre distance between two neighbouring balls or rollers mm
Z Number of balls or rollers in one row 1
7 Number of load-carrying balls or rollers in one row applicable in the calculation of load 1
t

ratings

© IS0 2017 - All rights reserved 7
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Table 1 (continued)

Symbol

Term Unit

Nominal contact angle

Pj

Angle between the direction of load and the ball row j

Reduction factor 1

5 Basic dynamic load ratings

5.1 Linaar ball bearings
5.1.1 Refirculating linear ball bearings, sleeve type with raceway grooves
The basic dynamic load rating for this bearing, in vertical loading position, is given in Fotimula (1):
1/30 2/3 2,1
Cro0p [ by X fo Xk x 1130 x 223 xp % 1
where
-4,67 -1,37 AR
D 2Xr
f. =Axc, x29,8/2,18x|1- —* 4] —B
¢ D 2xr_ —D
pw g w
= 2,5
> (cos)
k=71
i , 0,3
:It 5
Z (cosgo ].)
i=1
bm=1J3
A=09
c,=1101,2
In the nunjber of load-carrying rows of balls in the loaded area, i, those rows which are arrangef in
an angulaif area of =90%< ¢; < +90° to the direction of normal load (see Figure 8) shall be taken |nto
account.
The valueq of“by, and A given above are the maximum values, smaller values may be used by|the
manufactufrer.

The value of ¢y, is determined by the manufacturer in the range given above.

The values for ki of recirculating linear ball bearing, sleeve type, with equally spaced ball rows, are
given in Table 2.

© ISO 2017 - All rights reserved
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5.1.2 Recirculating linear ball bearings, sleeve type without raceway grooves

:2017(E)

The basic dynamic load rating for this bearing, in vertical loading position, is given in Formula (2):

1/30 , ,2/3 2,1
Cro0p = by X fo Xk <1130 % 223 xp % 2)
where
-0,3
—4,67 -1,67 |
7 —/"L)«LL)QZZ,JVG,glx(l——DW \ -1-(11- Dy \ —‘
“ B N
pw pw
il 2,5
5 e
k, =—1=
. 0,3
J=i 5
{ cos)
j=1
bm=1,3
A=09
c,=1to 1,2
In the number of load-carrying rows of balls in the“loaded area, it, those rows which are drranged in
an gngular area of -90° < ¢; < +90° to the dirgetion of normal load (see Figure 8) shall be|taken into
accpunt.
The values of by and A given above arfe the maximum values, smaller values may be uked by the
manufacturer.
The value of ¢y, is determined byithe manufacturer in the range given above.
The values for kj of recirculating linear ball bearing, sleeve type, with equally spaced bal|l rows, are
given in Table 2.
Table 2 — Values of k;
i 3 4 5 6 7 8 9 10
ki 1,000 1,000 1,104 1,329 1,531 1,681 1,807 1,948
5.1{3."“Recirculating linear ball bearings, linear guideway, carriage type
The basic dynamic load rating for this bearing is given in Formula (3):
Cioo = by X [ X 13/30 x %7 ><Zt2/3 ><DWZ’1 X coso 3)
where
0,41
2Xr
fo =AX24,5% &
2% Fg = D,
9

© IS0 2017 - All rights reserved
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bm=1,3
A=09

The values of by, and A given above are the maximum values, smaller values may be used by the
manufacturer.

The values of f; calculated with A = 0,9 are given in Table 3.

The load-carrying ability of a bearing is not necessarily increased by the use of smaller raceway groove
radii, but it is reduced by the use of larger raceway groove radii than those indicated in Table 3.

Table 3 — Values of f;

rg fe
0,52 Dy 83,9
0,53 Dy 71,6
0,54 Dy, 64,1
0,55 Dy 58,9
0,56 Dy, 55,1
0,57 Dy 52,1
0,58 Dy 49/7
0,59 Dy 477
0,60 Dy 46,0

5.1.4 Non-recirculating linear ball bearings, linear-guideway, deep groove and four-point-
contact types

The basic dynamic load rating for these bearings is'given in Formula (4):

Clo0B :bmxfcxlt1/30><i0’7><Zt2/3><DW2’1><cosa (4)
where
25 0,41
r
= Ax24,2x| — &<
/e 2X r~=D
g w

le= (Zi[- 1) x ty,

bm =13

A=09

The values of by, and A given above are the maximum values, smaller values may be used by the
manufacturer.

The values of i and Z; are given in Table 4.

Table 4 — Values of i and Z;

Bearing i Zt
Deep groove type 1 Z
Four-point-contact type 2 Z

10 © IS0 2017 - All rights reserved
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The values of f; calculated with A = 0,9 are given in Table 5.

Table 5 — Values of f;

I'g fe
0,52 Dy 82,8
0,53 Dy 70,7
0,54 Dy, 63,3
0,55 Dy 58,2
0,56 Dy 544
0,57 Dy 51,5
0,58 Dy 49,1
0,59 Dy, 471
0,60 Dy 45,4

oo 21,8

5.2| Linear roller bearings
5.2{1 Recirculating linear roller bearings, linear guideway,carriage type
The basic dynamic load rating for this bearing is given in Formula (5):

Cioo = by X fo X 13/36 xi’/? XZS’/4 X Lwe7/9 wae35/27 X cosa (5
whére

fc=Ax195

bn=11

A=0,83
The values of by and A givenn above are the maximum values, smaller values may be uked by the
manufacturer.
5.212 Non-recireculating linear roller bearings, linear guideway, flat, V-angle and crossed
roller types
The basic dynamic load rating for these bearings is given in Formula (6):

CiooB = by X [ X 13/36 xi’/? fo/4 X Lwe7/9 ><Dwe35/27 X Coso (6)
where

fe=Ax194

It: (Zt— 1) X by
bm = 1,1
A=0,83

The values of by and A given above are the maximum values, smaller values may be used by the
manufacturer.

© IS0 2017 - All rights reserved
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