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Introduction
This rolling bearing calculatigitersion04/2017, File versior8.0) calculates thdoad distribution, the
reference life and the modified reference life according ISO/TS 1@28126281jor the following

types of bearings:
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Deep groove radial ball bearings

Double row deep groove ball bearings

Axial deep groove ball bearings

Radial angular contact bearings

Axial angular contact bearings

Double rowradialangular contact bearings

Double rowaxial angular conte bearings

Single row spherical ball bearings

Double row spherical ball bearings

Fourpoint ball bearings considered as radial bearings
Fourpoint ball bearings considered as axial bearings
Duplex ball bearings

Radial cylindrical roller bearings

Double rav radial cylindrical roller bearings

Axial cylindrical roller bearings

Barrel roller bearings

Needle bearings

Tapeedroller bearings

Double row tapered roller bearings

Axial tapered roller bearings

Radial pherical roller bearings

Axial sphericaloller bearings

Cross roller bearingsonsideredas radial bearing
Cross roller bearingsonsideredas axial bearings
Angular roller bearings considered as radial bearings
Angular roller bearings considered as axial bearings

Additional bearing types will be add&dthe future.

The inner geometry of the bearings can be approximétgthe software orprovided bythe user
The operating clearance can be specifiede influence of interference fits, temperature and
centrifugal load on the clearance can be takem iatcountCentrifugal loadsnd gyroscopic

momentson the roling elements can be considered for ball bearioghy.



In extension of ISO/TS 16281 the influence of reduced material hardness can be considered
according NREuidelineDGO03 This includes aheck of the case core interface.

The lubricant film thickness can be calculated by the software. This is done acdorHiagis:
Rolling bearing elements.

The loading can be specified as force/moment or displacement/rotation independently for each of
the five degrees of freedonBearing sets can be defined be using a configuration with multiple rows.
This can be used for spindles or multiple row cylindrical roller bearings.

The following results can be found in the report:

Reference life according ISO/T&281

Modified reference life according ISO/TS 16281

Basis life and modified life according ISO 281 for comparison

Load distribution between rolling elements

Reaction forces/moments and displacements/rotations

Contact pressure for each contact

Required shalder height for contact ellipsis in ball bearings

Static safety factor

Maximum subsurface shear stress and stress at case core interface
Load dependent friction torque for ball bearings based on coulomb friction
Change to clearance because of interfereficand temperature

Wear parameters like PV and QV for ball bearings
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In addition to the report the results are shown in several grapfegport and user interface are both
available in metric or US customary unisipported languages for user infaceand report are
EnglishGerman French SpanishChinesend Korean

Parameter variations can be made using ranges for several parameters. The results of parameter
variations are given as tablesgnaphics. Proposals are providixt several inputs and cwersions
like axial clearance in radial clearance are possible.

Elastic deformations of the outer ring can be considered with an extension of the base software. The
loading can be specified on several points in radial, axial or tangential directioneatitetand load
distribution are calculated with a deformed outer ring. The main use of this feature is for track rollers
but also deformations in a planetary gear as outer ring can be considEnecelastic outer ring can

be considered with following bemg types: Deep groove ball bearing, radial angular contact bearing,
four-point ball bearing andadialcylindrical roller bearings. Multi row bearings can be considered
using bearing configurations.

Installation
When running thenstaller,the installaton directory can be selected. The default lbea is
A Program FileMESYS 0201% Lff FTAESa | NB Ako/aa éninfirftteRtarth y (i 2

menu is created.
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The uninstaller can be called from the start menu. This deletes the instaltditiectory and the
entries in the start menu.

Without a license file the software runs as demo version. In the desnsion,it is not possible to

save or load files and a Demo message is shown on each calculation. The demo version may only be

used for evalation of the software.
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software.
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MesysRBC.exe). The name of the license file may not be changed since it will not be found by the

Configuration with IN 1-File
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Currently the settings are used for database access and formatting of the report.

Section

Value

Description

General

recentfilenumber

Number of recent fileshown in the file menu of the
software

floatinglicense

Path to the licensing file for floating license. It will be
written by the software but might be copied to other
installations.

Format:\\\\ Servek\Sharé\path\\license.lic
b2dSY\QSIKOKdoBled 6 S

floatingtimeout

Time in seconds after a floating license is release if the
program is not used. Default is 1800

fontsize

Fontsize in points, set 0 for default dependent on
operating system

style

Either windows, fusion, windowsxp.

listsepantor

Character used as separator for table export. If not sef
the default setting in operating is used

systemlocale

Set to true for decimal point of operating system or falg
F2N) WoQ +a RSOAYLFE &SLI N

usecalculatethread

If set to true calculation idone in a separate thread, els
set to false

database

path

The path to the database file can be defined. The
database can be copied onto a server, so all software
users share the same database. If the filename is give
without path, it is opened from thenstallation directory.
C2NJ LJ 64K &SLJ NI VW@ N&dAB By Ki

iswritable

Set it to true if the database may be changed. If set to
false no changes are made to the database by the
software.

usecache

If set to true the database is read memory. This speed
up the program in case the database is on a network
drive. Default is false.

Importdatabases

path_1

Apath toadditional databases can be defin€these
additional databases are read only and optionally
encrypted.If the filename$ given without path, it is
opened from the installation directory.

C2NJ LI 4K aSLJ NI Y@ Na&dAR By Ki(
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password_1

The password for the encrypted database

rbc defaultinputs Path to a xmfile with default settings
For path separatorS A (i K S NJ W€ SO d#tiR @ 22i
calculateonfileload | If set to true the calculation is run when a file is loaded
Default is true.
acceptfiledrop If set to true a *.xml input file can be loaded by droppin
it on the main window
logo A logo for us on the system page can be defined here
The format had to be PNG.
report format The output report file can have different formats. By
RSFl dzZ G GKA& @FfdzS Aa S
0S asSid G2 a&a5h/ - ¢ I withdutgloted
tableformat The format of the outputted results table can be also s
yIEYyStes G2 a/{+xé&3x a-[{- ¢
topmargin The top margin for the report in mm
bottommargin The bottom margin for the report in mm
leftmargin The left margin for the report in mm
rightmargin The right margin for the report in mm
papersize The size of the paper for the report. Available values a
A4 and Letter
template Path to the created template file used for the report
ONBlIGA2Yyd {dzLIL2 NI SR FAfS
ahg¢
logo A different logo can be defined, which will be used in tk
report. The format had to be PNG.
report marginboxlactive The marginbox is used if set to true, else set it to false

marginboxlrect

The size of the marginbox is defined with values in
mm.The format is @Rect(x1 y1 width height). The
parameters x1 and y1 describe the upper left corner of
the box. Positive values are measured from the top/leff
negative velues from the bottom/right.

For example @ReeB5-20 30 20) is a rectangle at the
right bottom.

marginboxlitext

The text for the margin box. It has to be set in quotatio
YENl & 0ftA1S Ay G¢SEdGé0®
used.

Some placeholders are defined: #page, #pageCount,
#data, #datetime

marginboxlangle

A rotation angleof the margin box can be set in degree
The orientation of the angle is clockwise if positive.

marginboxlisHtml

Either set it to true or false dependent on the type of
text.

marginboxldrawBox

If set to true a rectangle id drawn indicating the sife
the marginbox. Else set it to false.

marginbox2...

Like for margin box 1 additional boxes can be defined
with increasing numbers.

Please note that the listed options for margin boxesi(ginbox1...) are only valid if format is equal

02
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Template

As detailed in the table above, a template(idocX format can be created so that it is used when

generating the software report. For the current version, only the information contained ihebder

and footer can be editedn which it ispossible to link information to the software such us as

Yhodule licens@¥cense nam@> WRI 1S QX WTA f SdestlipioSly headsldNEe2 S O (i
text fields option in Microsoft word. Additionally, a company logo can be included, instead of th

MESYS logo that itshown by default at the report:

2 1 # 1 2 3 4

L0G0

[ 9 &E 11 12 13 14 15 16 j 17 18,

amoduletitle»-«li
Date:  2/27/2015 11:03:39 AM
File name: «filename»

Project name: «projectnamen»
Description: «wdescription»

First Page Header

Field

Flease choose a field
LCategories:

() [~]
Field names:
Fill-in -
GoToButton
Greetingline
Hyperlink
If

IncludePicture
IncludeText

m

Keywords

LastSavedBy

Link

ListNum

MacroButton

MergeRec

MergeSeq

Mext i

Description:
Insert a mail merge field

Field Codes

Field options
[ Text to be inserted before:

[ Text to be inserted after:

lone ]

[] Mapped field

[ vertical farmatting

Preserve formatting during updates
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Command line parameters
The software supports a few command line parameters:

1 -disableHighDPI disables scaling and tell the operating system to do the scaling. This is
currently the default setting

1 -enableHighDPI enables highDPI scaling by the software. This setting still has some problems
but it might be useful on some systems.

9 -desktopOpenGL tells the software to use hardware OpenGL, which is the default.

1 -OpenGLES tells the software to transl@eenGL into DirectX. This can be used if the driver
for the graphic card does not work correctly and hardware OpenGL does not work.

1 -softwareOpenGL tells the software to use a software driver for 3D graphics. This can be used
if the two setting above fatb work.

T AYATFAESOAYA (Sftfta (KS
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different license files are available.

1 If a*xmlfilename is passed as aameter, the file is opened by the software. This also
allows to drop an input file on a program icon on the desktop.
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Update
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Either the new installation is denin a new directory or the database file is copied to a different

location.

' TGSNI GKS ySg OSNERAZ2Y Aa adFINISR GKSHAsHlGboKBBESOI
BQLYLERNI FNRY 2fR RFEGFolIrasSQao !t ubdaiaiwlbeloSty i NR Sa
as only custom data will be copied.

Requirements

The rolling bearing calculation is available as 32bit windmegram running on Windowgistg
Windows 78 or 10. In addition to the 32bit version which can be used on 32bit or Gf@rating
system also a 64bit version is availaflee minimum required processor is Intel Pentium 4 or above.

About 19MB of hard disk space is required. All dependencies of the software are available in the
installation directoryTherefore,it can justbe copied to other machines or started from network or
removable disks.

General usage

To run a calculatigrirst the data on all pages is introduced. Then prtessbutton‘wg' or F5to run
the calculation. After all data is defined the calculation canurefrom each tab page. So it is easy to
make parameter variations.

There are some special buttons used in the user interface, which are explained in the following table:

Button | Explanation
P This plus button shows a dialog with additional inputs. Sonthesfe
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inputs need to be defined, some are just optional.

This conversion button allows the conversion from other types of input.
example the radial clearance can be converted from an axial clearance
This proposal button provides a suggestiondarinput by the software

Ui

¢CKS dzyAl aeadsSy F2N G§KS Ay Lddzi | yAR Mzl LId# A O3 WO 0 SA
metric or US units.

Using the context menu for the units of input fields, the current unit can™ 20 i =c

be changed. These settingre saved for the current user =F

Pressing the right mouse button on an input field a window for aninpu g4 4 mm Dynamische Trz

of a formula is shown. This can be used for quick calculations. o Evaluate formula: Iz
2*20

The softvare is available in EnglisBerman French SpanishKoreanand = T e sgrer

AAAAA

ChinesdanguageThe languagecam S a4 St SOGSR Ay YSydz WOEGNI aQo

All graphics can be printed or exported as PNG file using the Graphics v | Nz
context menu (right mouse button) in the graphic window. For Y,
the export the size of the graphic can be specified. 5ave graphic as... ot

Print graphic -':-l?‘
In the graphic wi.ndows o.f thea#wgre, there are differen.t R ZoomIn i7x
buttons for the view manipulation in 3D, such as the zeiam £ Zoom Out i:r

zoomout and fitto-window functions and also it is possible to

Fit To Wind
select the point of view from different planes. The 3D model ¢ K _Fit To Window M
be dragged with the mouse by holdidgwn SHIFT key as well ,Q
as zoomed in and out by holding down the CTRL key. ,D

ol

Any diagram of the software can be edited by right

= ” . 9 A  _| Contact stress =] .,.
Of AOlAY3 2y AU YR asftso Contact stress 2LI0A2Y
context menu. 400071 —puterrace Bl
=inner race Bl
Both the units and bourfor the axes can be set. 3007
Moreover,if any of thegrapts isof no interest it can be = 3000+
disabledwith the checkboxesThe color and line style of & 250071
i ' b
each curve can be chandj¢oo. |- Graphics
E 1500+ Save graphic as...
=] Print graphic
“ 10001 -
soy | __ Disgram options
e e e S B g
M S N LS RAERR AR
Position of ball [7]
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{#3 Diagram options >

Units = ¥ |MPa &

Minimum ‘Position of ball ICI = [
Maximum 'Position of ball = [
Minimurn ‘Contact stress’ ICI MPa

Maximum 'Contact stress' 4000 MPa

outer race . Solid line
inner race . Solid line

Reset Close

Units and precision of numbers in tables can be changed by right click on the header of a column.
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Input Parameters
The input parameters are shown on five tab pages.

General
On the first input page in addition to a project name, several settings can be done.

General Bearing geometry Bearing configuration Material and Lubrication Loading Track roller

m 6 Slﬂgs Rolling Bearing Calculation

Calculation of load distribution and reference life for rolling bearings considering I50,TS 16281 and NREL/TP-500-42362

Project name | |

Calculation description | |

Settings

Reliability 3 % | Calculation for medium dearance -
Limit for aIS0 alS0OMax Rolling element has maximum temperature -
Friction coeffident p First rolling element on y-axis hd

[ calculate lubricant film thickness Gyroscopic moment is not considered e
Congzider centrifugal force Rolling element set life is not calculated b
[] consider shaft and housing temperature Elastic ring expansion is not considered =

[] osdillating bearing [] use load spectrum

Calculate reguired hardness depth Calculate modified life

Use fatique strenath for hardness depth [] use extended method for pressure distribution

Required subsurface safety Ssmi I:l Calculate static safety factor based on stress

Project name and calculation description

The project name and the calculation description are just inputs which are shown in the report
header. They can be usédl enter information about the purpose of the calculation for
documentation.

Reliability

As default the bearing life is calculated for a reliability of 90%. The required reliability can be changed
here with limits 90% and <100%. The life modificationdiaftr reliability a is calculated according

to this input using the three parameter Weibull relationship as given as form@la@'TR 1282,

2008) The table in ISO 281 (2007) is also calculated according to this doamiihas changed to

previous versions of the standard.

Limit for a iso

Thelife modification factor for systems approaalkotakes into account lubrication properties and
fatigue limit of the bearing and it is multiplied to the L10r life to get the medifieference life.
According to ISO 281 #hiactor is limited to a maximuwalue of 50. In someasesfor example in
wind turbinesa smaller maximum limit of 3.8 required.

The maximum limit for the g factor can be specified her&he input is only mupper limit for the
asofactor which is calculated accorditg (ISO 281, 2007)
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Friction coefficient

The friction coefficient is used to calculate the friction moment of the bearing assuming coulomb
friction in the contats. In the actuaVersion,this is only available for ball bearings. The friction
moment is only considering the load dependent part of thetion; the no load part is not
considered.

A proposal byHarris, et al., 2007} avalue of 0.1 for the friction coefficient.

Calculate lubricant film thickness

The calculation of modified reference life requires a viscosity katithis ratio is calculated by the
lubricant viscosity and a reference viscosityr it can be calculateffom the lubricant film
parameterL asll ¥ 8 according(ISO 281, 200@nd (ISO/TR 1282, 2008)

Since the viscosity ratio is calculated using standard settings for surface roughneissy,lpeessure
viscosity coefficient of the oil and geometric properties, the usage of lubricant film thickness takes
into accountmore parameters of the actual bearing. For the definition of the reference visausity
seethe derivation in(Baalmann, 1994)r (Heemskerk, 1980)

If this setting isactivatedthe lubricant film thickness is calculated accordjHgurris, et al., 2007}or
ball bearings the minimal film tHioess is calculated using equation 4(Blarris, et al., 200ty
Hamrock and Dowson. For roller bearings equation gEfris, et al., 2007 ccording Dowson and
Higginson is used. The samenaasare used for the calculation &f in (ISO/TR 1282, 2008) The
software uses the minimal film thickness for the calculatioh gh contrast to(Heemskerk, 1980)
who is using the central fiil thickness.

In addition, a thermal correction is applied from versior20A6 on. The thermal correction factor is
calculated according t(Koch, 1996)sing the formulat.62from Wilson and Murch. Different

literature proviesdifferent correction factors, se@Baly, 2005pr (Gohar, 2001)As temperature the
input for the lubricant temperature is used. For high speed the thermal correction factor reduces the
film thickness.

This calculation requires the input of surface roughness, oil density and oil pressure viscosity
coefficient. The minimal film thickness for all contacts is then used for ball bearings. For roller
bearings the minimal film thickness for each sattis calculated and used for the calculationifef
modification factor for systems approaehofor this section.

Consider centrifugal force
The centrifugal force can be considered for ball beararg$sradial cylindrical roller bearingsthis
versia of the software. It will also be added fother roller bearings in the future.

Centrifugal forces will increase the pressure at the outer race, but decrease the pressure at the inner
race. It will lead to different contact angles on inner and outer i@e@ an increased spin to roll
ratio.

Consider shaft and housing temperature
If this option is activated the shaft and housing temperatuaes available as inputs in addition to
inner and outer ring tempetures.
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Oscillating bearing

Some bearings are not fully rotating but they are just oscillating. Irctsie the effective number of
load cycles is smaller than for a rotating bearing which can be considered by the softare. T
calculation is done accordirfilarris, et al., 2009)hich is based ofHarris, et al., 2007)

An oscillating angle and an oscillating speed (oscillations per minute) have to be provided isghis ca
The oscillation angle is defined as the angle between the two and points of oscillation, so it is twice
the amplitude.

The rotation speedsiand n. are used for the calculation of centrifugal forces and lubrication film
thickness, oscillation speegldis used for the calculation of life in h. For the speed used to calculate
the lubrication facto(Houpert, 1999proposes n #,s/180°*fosc The speed has to be entered by

the user.

In case ofhos< ¢ ciit/2 fretting corroson canoccur;the bearing should be rotated by a larger angle
from time to time to redistribute the lubricant. A warning is shown in this case.

Calculate required hardness depth
The hardness depth is an input for material parameters. If it should be atdduby the softwarer
if it is of no interest for through hardened bearings for example, then set this flag.

If the flag is not set a check is made if the hardness depth is large enough.

Use fatigue strength for hardness depth
If this flag is set the hdness depth is calculated using the fatigue strength of the core. If it is not set
the yield point is used.

If the calculation is done using a maximal load the yield point can be used. If it is done using the
equivalent load the fatigue strength is recomnuzd.

Required subsurface safety
A required safety factor for the subsurface stresses against the yield point can be defined. It will be
used for the calculation of the required hardness depth.

Selection for clearance

You can select which clearance is taketo account for the calculation. For interference fit and
clearance a range of tolerances is given. The calculation can either use the minimum, medium or
maximum value of the clearance. For other needs the operating clearance can be specified directly a
a number.

Rolling element temperature

As default the temperature of the rolling element for calculation of operating clearance is set to the
maximumtemperature of inner and outer ring. This default setting can be changed to either the

inner or outer ring émperature or a user input can be selected, which will be shown on page

G 2FRAY3IE (23SGKSNI gAGK GKS AYYSNI I yR 2dzi SN NA y 3

If the heat is generated by the bearing the maximum tenapere is areasonableselection.If the
heat is generated by other heat sources, the mean temperature caallad fretter choice.
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Position of first rolling element
As the circumferential position of the rolling elements within the bearing may atibettte results, an
option to define the position of the first rolling element by means of the angle is available. If a

custom angle is desired, it can be entered by usin¢ i dutton.

¢tKS aStSO0GA2y GCANBG | : : R
- o R ) - |Calmlahun for medium dearance T|
RANBOU A 2y ¢ | digiiaBementiféd S  NJ _ —
definition of the angle. For pure moment load thi [S45tam andie for firstroling slement o (52

i S0 ANgle i st rolling elemen
angle is set to zero. First roling element on y-axis
First roling element an load direction

The opt?on |s.not yet .avallable. for track roller {7 Angle to rolling element position =
calculation with elastic outer ring.

_ _ Angle to rolling element position psio 0| =
Options for gyroscopic moment
In case of different directions of forces on imne ok [ Cancel |
and outer ring contact, the gyroscopic moment | T

2y GKS olFft gAff FFFSOOG (GKS f2FR RAAUNAROdAzIAZ2Y d C

assumed, which means that spinning speed at outer race contact is zero. The available options are:

f aDNR&O2LIAO Y2YSyid Aa y20i O2yaARSNBREY ¢ KA
software. No gyroscopic moment is considered and spinning speeds are calculation by
Coulomb friction.

a

f aDeNRP&aO0O2LIAO Y2YSyild o6l &SR 2 yon2ednr 8 balcNdte®S O2 y (i NZ

assuming no spinning at outer race contact. The gyroscopic moment is only causing a friction
force at outer race contact.

T GDENR&O2LIAO Y2YSyid ol aSR 2y 2dziSNI NI OS 02y NI

is calculated agsning no spinning at outer race contact. The gyroscopic moment is causing a
friction force at inner and outer race contact. The friction forces at each contact are
proportional to normal force.

1 G4DENBAO2LIAO Y2YSyid ol aSR 2 onveylof iS tilcutied S O2 v (i NI

assuming no spinning at inner race contact. The gyroscopic moment is only causing a friction
force at inner race contact.

T G4DENR&AO2LIAO Y2YSyid o6FasSR 2y AyySNI NI OS O2yiiNZ

is calculated ssuming no spinning at inner race contact. The gyroscopic moment is causing a
friction force at inner and outer race contact. The friction forces at each contact are
proportional to normal force.

T GDE@NR&AO2LIAO Y2YSyild ol aSR D3l equibbfiud dh Rigfichal h y
forces based on Coulomb friction are calculated in the contact ellipses. The ball rotation
vector is based on this calculation. The resulting gyroscopic moments is distributed on both
contacts proportionally to the normabads. This options leads to much longer calculation
time and it can lead to convergence problems if not all balls are loaded.

C2NJ KAIK aLISSR oFff o0SFNARY3I dzadz £ €& &2dzi SNI NI
options only. For low spedtie gyroscopic has usually only very little influence and can be ignored.

The gyroscopic moment cannot yet be taken into account for-fmint bearings.
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Life for rolling elements
The bearing life calculation usually only takes into account fatigue lifeedfearing races.

Life for rolling elements can optionally be calculated. The rolling element life is calculated analogous
to (ISO/TS 16281, 200/Ke described byCorrens, 2015)~or the ombination of life for single

rolling elements to the life of the rolling element set, two options for the Weibull exponent can be
consideredeither e=10/9 for ball bearings and e=9/8 for roller bearings 4550/TS 16282008)

and( ISO/TR 1281, 2008) or e=1.5 as iISO/TR 1282, 2008)section 4.2.1 for the reliability factor

ai. This is different tdCorrens, 2015)herean exponent of e=10/3 for ball bearings and e=9/2 for
roller bearings is used without giving a reason for these exponents.

If this option is activated, the usual bearing life is not changed just the life of the rolling element set
L10r_RESet is calculatedaddition.

Elastic ring expansion

As default only the elasticity of the contact between rolling element and race is considered. If for
example an angular contact bearing with clearance between outer ring and housing is under axial
pretension, the outering can expand radially. This will reduce the pretension.

In the current version two options for consideration of elastic expansion of bearing rings are
available. Both options are based on the assumptiontbfck-walledring as in the calculation of
interference fits

Either the minimal or the mean radial force in the load distribution is converted into a constant radial
pressure which is then taken into account as in a calculation for interference fits. When the gap
between ring and shaft/housing is sked there will be no further effect. This calculation approach is
only valid if the variation of radial forces is small. So the axial load should normally be larger than the
radial load.

The ring diameter is taken as Dpw+Dw, so a stiffening effect of déisuis not taken into account.

An additional factor for the ring stiffness can be defined usin¢i"vdutton behind the selection
box.

The remaining gap widths is shown in the report.

Use load spectrum

A load spectrum can be used instead of a single ¢@ee. This option can be activated hedfer each
load case a full calculation using all factors is made. The resulting life is calculated using the life of
each element. Result graphics anagly shownin the reportfor the selected resulelement of the

load spectrumHowever the result graphics corresponding to any elemanmber (load case)f the
load spectrum can be shown under the megraphic&Q@oad spectrurffonly until 25 elements)

as we can see in ihpicture:
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b 3

General | Eearing geometr

Frequency Fx[MN] R

106 1100 2
203 ELTI
301 105

All other graphics availa®l

File Calculation Report | Graphics | Extras Help

Load spectrum

Bearing configuration

Load Distribution

Load Distribution (Load spectrum)
Load distribution 3D

Contact Stress

Contact angle

Spin to roll ratio

Ball orbit speed

Lead Distribution

Load distribution 30
Contact Stress
Contact angle

Spin to roll ratio

Ball orbit speed

Wear Parameter QV
Wear Parameter PVrmax

Thermal conductance

Il RRAGAZ2Y Lt &35 Qdz2R RNIRW BENINRIK MDA R Y

Please note that more intermediate results are printed in the report if a calculation is done for a

single load case.

Calculate modified life

6[ 2FR
superimposed on the chart at the same tinTénis is also possible for the rolleaghics.

dzy RSNJ & KS avednyydalidfor ik delkciedaement.

a LIS

If this flag is set the modified reference lifgnk will be calculated. You can clear the flag if no

information about lubrication is known or lubrication should not be considered in the calculation.

Use extended method for pressure distribution

In(1ISO/TS 16281, 2008)simplified approach to calculate edge stresses in rblarings is used and
extended method according other literature are recommended. If this option is set the pressure

distribution is calculatedccordingo (de Mul, et al., 1986)which is the newest literature in the

proposalsof the standard.

This extended method &vailable for radiahnd axiakylindrical roller bearinggaper roller bearings

and spherical roller bearings

Calculate static safety factor based on stress
If this options is set the static safety is calculabeded on maximal contact stress. For ball bearings

“Y'O —— s used, for roller bearingy O

is used, so that the safety factor is

proportional to the loadThe permissible stress is based(t®O 76, 2006)

a

If the option is not setthe static safety factor is calculated based on maximum rolling element load
and Qnaxin ( ISO/TR 10657, 1991)

NXzY 0 ¢

For ball bearings both options usuallyosv the same results, but for roller bearings edge stresses are
only considered if the static safety factor is based on stresses.
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Bearing geometry

Bearing types

Different types oball and rolletbearings can be calculatesing the softwareln addition to the

calculation of a single bearing O2 Yy FA3ddzNIF GA2y 2F aSOSNIt NRga OFy
O2yFAIAdzNI GA2YE @

By tsing the w-button behind the bearing (& Options for selected bearing type X
type, some options for the selected bearing
type can be defined. For all bears)g can Tex iy e iilbe
be slected that inner ring and shaft or oute Bearing inner ring is shaft
ring and housing are identical. This affects Bearing outer ring is housing
the material input and the input of Calculate load capadty for hybrid bearings
tolerances.
Permissible ellipse length ratio 100 %
The optionéCalculate load capacity for Limit for conformity for dynamic load capacity f_limCr | 0.515

hybrid bearingé will use(ISO/DIS 20058,
2016)and (ISO/DIS 20058, 2017)or the
calculation of load capacities, which leads t
increased static load capacity.

Limit for conformity for static load capadty f_limClr |0.515

QK Cancel

For ball bearings a limit for the conformity used in calculation of load capacity can be defined. The
load capacity isaiculated by the maximum value of tigévenlimit and the actual geometry input.

In the current version the followinlgearingtypes are supported:

Deep groove radial ball bearing

Deep groove radial ball bearings are cheap standai B
bearings. Both radial ahaxial loads can be
transmitted The nominal contact angle is 0°, which L / i
will increase under axial load depdndon the radial

. . . y [
clearance in the bearin@he free contact angla0 is \ %
AN

shown in report and result overview.

Z

) A
The geometry is described with number and g N J— y 2
diameter of balls, pitch diameter, conformity of inne =

and outer race and the diametral clearance. The
number of balls in the bearing is restricted, to be
able to assemla the bearing.

dSi
A
Dpw

di

The conformity is the input parameter defining the
radius of the racesi ("Q QW 0,i Q "QQO V)

The diametral clearance is definadd Q 'QQ Q" Qc00.
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The “i"-button behind the bearing selection,
also offers some othesettings depending on
the bearing type. For deep groove radial ball
bearingshA G OFy o6S aSftSOGSs
bearings is used, which influences the
calculation of the load capdgiwith factor bm

in (ISO 281, 2007)

The permissible ellipsis length ratio controls th
warning about cut off of contact ellipsis. A valu
below 100% would allow some amount of cut
off, a value larger 100% adds an additional
distance. This permissible value is used for the
calculation of permissible axial load lingiten

in the report toa

Double row deep groove ball bearing

For double row deep groouaall bearingsa
distance between row¥ 1 aglto be defined in
addition to the parameters of the single row deep
groove ball bearing.

Axial deep groove ball bearings
For axial deep groove bélkaringsthe nominal

contact angle is 90°. The default conformity is fi = 1

=0.535.

In the bearing type options dialog, it can be definec

if the left or the right ring shall be considered as
inner ring. This also changes the sign of the axial
force, which is given for the inner ring.

i Options for selected bearing type 2

[7] Bearing inmer ring is shaft
|:| Bearing outer ring is housing
[ calculate load capacity for hybrid bearings

Selection for inner ring [Lef‘t ring is considered as innerring  ~* ]

Permissible ellipsis length ratio 100 %

l oK H Cancel ]

Permissible ellipse length ratio

& Options for selected bearing type

Bearing has filling slot

Bearing inner ring is shaft

Bearing outer ring is housing

Calculate load capacity for hybrid bearings

100 %

Limit for conformity for dynamic load capadty f_limCr |0.515

Limit for conformity for static load capadty  f_limCOr (0,515
Tolerance for conformity inner race Afi D
Tolerance for conformity outer race Afe |0

| 0K Cancel
‘ B
r -
B
l /% @ o
aw
i
o)
® )
3 SR 2 °
(2] — |0
o T
o
' |
—mt B —
‘ i
“an .
/ ’ g’
] A
L Dw
O

No tolerances are considered for axial deep groove ball bgswin
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Radial angular contact bearing
The angular contact bearing is similar

to the deep groove ball bearing, but
the contact angle is larger. Standard
bearings have contact angle of 15°, 2&
or 40°.

Double row angular contact bearings
can be either defied using a single

row bearing and a configuration of two $
bearings or a double row angular
contact bearings can be defined

directly. This allows the input of radial
clearance of the two row bearingn

both cases life modification factorsa

is calculatedor both rows separately.

de

Dpw

dSi

di

The direction of contact angle can be defined using”éutton behind the contact angle.
Additionally the input of direction of contact is available in the bearing type options.

=l .
The==-button for axial clearance allows to
calcdate the axial clearance for given

/g___,_——b

pretension or for given radial clearance in
case of double row angular contact bearinc

Double row radial angular contact

bearing

For double row angular contact bearings th
configuration of contact angles can be

definedin the options dialog. -

The clearance can be generated in three
different ways. See at four point bearing
below.

In addition to the inputs for the single row angular
contact bearing the distance between rows has tc

be entered.

7 7 /

dSi

de

dSe

<

2

di

oR

i Options for selected bearing type

[7] Bearing has filing slot

[7] Bearing inner ring is shaft

|:| Bearing outer ring is housing

[7] calculate load capacity for hybrid bearings

Clearance generation type [axial direction - ]

Direction of contact angle [back to back arrangement ™ ]

Permissible ellipsis length ratio 100 6

[ OK ][ Cancel ]

v
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Axial angular contact bearing
The description of geometry for axial
angular contact bearings is the same as

for radial angular contact bearings. The

only difference in geometry & valueof
0.535 for the conformityinstead ofthe
0.52usedfor radial bearings.

The resultdor load distribution are the
same for the selection of axial or radial
angular contact bearings, but for axial

bearings additional reduction factors are
considered in the calculation of load

capacity. Thereforghe resulting life is
smaller if the bearig is calculated as axia (7
bearing. “

Standard axial angular contact bearings
have a contact angle of 60°.

Double row axial angular contact bearing
Just as for the radial case, double
row axial angular contact bearings

can be either defined using a singler
row bearing and a configuration of
two bearings or a double row
angular contact bearings can be
defined directly.

L

Four-point bearing considered as radial bearing

k. A O
D
=
2l %
') g=!
5
B -—

7 7 ) i
/ '/_,/ﬁ/ / i o
/'//_7:‘\\ , & 2 7\‘-\\

</ ;‘//</‘® ri \\\ %
‘ ‘7 1 /| i I -J 0 - 1
// 77 : 777 7
/ / / / |
_ Dbw N > ©
%] 3 o
il o
B

This can be used for standard QJ bearings with 35°
contact angleLoad capacity for a foyooint bearing is
calculated as a double row bearing, as usually done
bearing catalogues. The results are reported for bott
rows. In case of two contact points, there is one
contact on the inner ring of one row and on the oute
ring of the other row. All pssible four contacts are

considered in life calculation.
Usingthe'"-o dzi i 2y 06SKAYR (KS
at20¢ OFly ©0S RSTFAYSR |y

dSe

dSi




generated for the bearing. There are three ways to generate clearance in the software:

1. Centersof curvature are moved in axial direction. This leads to a decreased contact angle for
radial load It corresponds to a four point considered as angular contact bearing.

2. Centers of curvature are moved in radial direction. This leads to an increased tcamibe
for axial load.

3. Centers of curvature are moved along the nominal contact angle.

(% Options for selected bearing type >

Bearing has filling slot

Bearing inner ring is shaft

Bearing auter ring is housing

Calculate load capacity for hybrid bearings
Clearance generation type axial direction -
Permissible ellipse length ratio 100 U
Limit for conformity for dynamic load capacity f_limCr |0.515
Limit for conformity for static load capadty f_limCOr |0.515

0K Cancel
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Four point bearings considered as axial bearing - -
Thisselectioncan be used for slewing rings as done in
(Harris, et al., 2009Becaus@f additional reduction
factors for axial ball bearings the calculated life &l
smaller than considered asradial bearing The load
distribution is the same as for tHeur-point bearing
considered as radial bearing.

dSe

dSi

Self-aligning ball bearing
Spherical ball bearings can be selected as single

double row bearings. A single row bearing has a
contactangle of zero.

di

dSe
dSi ‘
o\
1
@ 5
w
d
. |
Dpw N
de

Self-aligning ball bearing (double row) - _
For double row bearings the distance of rows -

23

| 0 DAI —

de

For spherical ball bearings the conformity of
©

outer race is defined as

a
defined by the contact angle. Tlikstance W
@

[

betweenrows is then
J
UI

Dpw

i
0 TATIO 0O

dSi

di

So it ighe ratio of radius and outer race
diameter, which is 0.5 as standard.

The shoulder diameter of the outer ring is automatically limited by the width and the radius of the
outer race. Still a larger value as the limit could be erddrg the userThe life modification factor

aisois calculated for both rows separately.
20/78




Duplex bearings B
Two deep groove ball bearings oR

can be calculated as a set by 4 4 /
aSt SOGAY 3 &5 dzLi
same could be done by using a &
single deep groove ball bearing A
and a configuration of two % V4

bearings but the input is more . / /

flexibledzA A y 3 @& 5 dzLJt € =
o

The geometry data is defined for y

a single deep groove ball bearing, additionally the distance between the two rows is an input value.
The input of the diametral clearance is for the single bearing only.

de

di

dSi

The clearance of the configuration can then be dehby an axial offsei-cbetween inner and

outer ring of each bearing. Using t-=-button it can be calculated from a given axial clearance,
radial clearance or pretension force for the bearing configuration.

The free contact angle of the bearingandacers are shown in thereport and in the results overview.

Options for the bearing allow selecting of faiweface or backo-back configurationThis has an
influence of the load distribution on moment loads or a tilted bearing.

(% Options for selected bearing type &
Bearing has filing slot
Bearing inner ring is shaft
Bearing outer ring is housing
Calculate load capacity for hybrid bearings
Method for calculating load capacities |Load capacdity of single deep groove ball bearing - |
Direction of contact angle back to back arrangement - |
Permissible ellipsis lenath ratio 100 Y
| OK | | Cancel |

For the calculation of load capacities theme #our options:

1. Load capacity of single deep groove ball bearirtge input values are for a single bearing
only. These are the values which are given in the documentation of the single bearihip
case the load capacities of the pair are showngsrCthe report.

2. Load capacity of paired deep groove ball bearimigre the calculation is done using load
capacities for two paired deep groove ball bearings using factors’éb2dynamic and 2 for
static load capacity.

3. Load capacity of double rowedp groove ball bearinddere the load capacities are calculated
using the factors for a double row bearing. The dynamic load capacity is smaller than for the
second case.

4. Load capacity of double row angular contact ball bearligre the load capacity calculated
using the free contact angle of the bearings.
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If thermal effects are considered, the axial offdetwill be modified during the calculation to take
the different axial elongation of inner and outer ring into account. The results are the saihasing
a single radial deep groove ball bearing with a configuration of two bearings.

Radial cylindrical roller bearings

The radial cylindrical roller bearing is € B
bearing providing a high load capacity
for radial loads but it does not support ’ /

high axal loads or misalignment of o -

inner and outer ring. A‘

Lwe
In addition to the parameters used for

de

ball bearings the effective length of the - S
roller Lwe is a required input parameter.
The effective length is a little smaller /

than the length of the roller because of A
radii at the end of the roller. The 2

contact angle is always zero for
cylindrical roller bearings.

Dpw

di

dSi
d

The roller profile is considered as

defined by ISO/TS 162&% default If the extended calculation for pressure distribution is selected
an input of profilefor races and roller is possible using “i*button behind the roller effective
length. Several options are available includiegding the profile from a file.

The axial load is considered as showr{Hbgrris, et al., 2007)he axial load brings a tilting moment
to the roller and an unsymmetrical load distribution on the races occurs. The axiad fnee
considered at the half height of the shouldelfs20% is entered for the height of the shoulder the
axial force is actingt 10% of roller diameter.

¢KS ue LJS_’ 21 ] oe f A y RNA O I t (& Options for selected bearing type = 2 b Wz
can be selected in the options dialog of the bearing.
Bearing inner ring is shaft
For cyIindricaI roller bearing/shich SUppOI’t axial Bearing outer ring is housing
loadsa radial and axial clearance can be specified. | Calculate load capacity for hybrid bearings
is importantto enter a value for axial clearance if Canfiguration U v
tilting occurs. For NUP type the axial clearance has|| mumber of sections for roller nsec 41
influence on the reaction moment. [ ok |[ concel |

For NUP type the axial clearance is measured

between left and right positions of the rings like for deep groove ball beariogslifectional
bearings like NJ the axial clearance is between reference position and one side like for angular
contact ball bearings or taper roller bearings.

For types which do not support&xt  f 2 R& £ A {19t W3 S i K SWdzHe@dsK | RA@2

AyLidzi AyadSIR 2F WCEQO®
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The number of sections for the calculation of load distribution can be changed in bearing options too.
The minimum is 31 sections. A larger value reduces the edge stresses by the approximation function
in ISO/TS 16281, if thextended method for pressure distribution is not active.

Radial cylindrical roller bearings (double row)
In addition to the inputs for a
single row bearing, the distance
between the row centers has to 4 |
be defined Generally, the same /

results are obtainedsaifusing a A Lwe r\‘ b A
single row bearing with a

bearing configuration of two . S' V/ W

rows, however,the results will % . /

differ if the configuration shows
different positions of shoulders 5R ©

under axial loadAn additional
difference is the load capacity, whichsisown for the @uble row bearing.

de

dSi

di

The different bearing types can Belected in the options dialog as well

Needle bearings
Needle bearings can be B

calculated usirJg the felection ' Lwe

W/ et AYRNAOF f N -- -
only added so the types nde
separated in the database.

Needle bearings do not support g‘ R i i
FEALE F2NDSa® (= ///////////////
be selected as input instead of QO (SIS SIS IS SIS ISP VIS SIS IS SIS,
WCEQ® ¢KS FEAI |

available as an input. © g
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Axial cylindrical roller bearings

Axial cylindrical rollebearings have a contact
angle of 90°. They only allow axial forces and
bending moments. No radial forces can be
used.Therefore,uy, uz have to be entered
instead of Fy, Fz.

The options dialoc . -button behind bearing
type) allows to specify if the leftrdhe right
NAy3a aKlFLftf 0SS O2yaiR:
GKAOK f2FRAY3 F LILX AS:
NAYy3I Aa O2yaARSNBR I
positive axial load to be entered.

An axial clearance can be entered; its only
influence is an offsdb the axial displacement.

i
J

]

A

No tolerances are considered for axial cylindrical

roller bearings.

Radial tapered roller bearings
Tapered roller bearings use a conical roller
instead of a cylindrical roller. The input roller

Lwe

Dw

(1
|

e}

i# Options for selected bearing type

[ Bearing inner ring is shaft
|:| Bearing outer ring is housing
[ calculate load capacity for hybrid bearings

Selection for inner ring [Lef‘t ring is considered as inner ring ™ ]

Mumber of sections for roller nsec 41

’ OK l[ Cancel ]

Be
B/2 , ‘

diameter is given for the middlof the roller
and also the pitch diameteryRis defined for
the middle of the rollersThe clearance is
defined as axial clearance.

O

The contact angle should be the direction of
the load.Therefore the angle of the outer
ring, the cup, has to be speeiti for the
contact angle. The angles for the roller and
the cone are then calculated so that all cone:
intersect on no load condition.

If the axial force is too small a calculation
error can occur since the bearing will fall

apart. You have to enter an akiforce large
enough orto specify an axial displacement
instead

The direction of contact angle can be defined usingi”éutton behind contact angle or bearing

type.

SCR__| . P

Dpw

Bi

dsSi
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The diameter of the shoulder of the inner ring can be defined. The force is assurbedtdhe
medium height of theshoulder

The distance between center of
bearing and center of rolle¢ / (man  Distance o row center 6CR -2.70216  mm

be definedin two different ways b " A
ys by ﬂﬁ Conversion of center to row distance P

using the = -putton. It can be

convertedeither from the distance to Distance to centre of pressure a 101,763 mm

u K % R OSyd % N‘]’ & ffom Itblb Outer race small inside diameter E 242.008 mm
2dz0 SNJ N OS ayvYl ff

setting the corresponding flag. Note ok || cancel |
GKFG OKI y 3tdrrynibdifiP 9 Q L J

W5116Q | OO0O2NRAY3I (G2 UKSANI AS2YSUNRO
relations.

Axial tapered roller bearing
The inpus whichdefine a tapered roller B

thrust bearing are a bit simpler than for B/2

the radial case of tapered roller bearings

since the distance between center of 4‘ . OCR
beah y3 | yR OSyGdSN 2
directlyentered by the userThe

clearance islsodefined as axial
clearance.

am

As shown in the picture, a contact angle
ranging from 90° to 0° can be set, but it ]
should always be between 90° and 45° ir DW
order to suit its aial loadcarrying design

No radial forces can be accommodated,
sotheradiaRA & LJX  OSYSy (i a '
under loadinghave to be set to zero. N

The direction of contact angle can be
defined using the”-button behind

contact angle or bearing type. /

The heght of the shoulder of the inner © )
diameter can be defined through the

FILOU2NI WF{AQ & of A
the roller diameter The force is assumed
to belocatedat the medium height of the
shoulder. 1

Dpw

No tolerances are considered for axial taperedemobearings.
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Radial tapered roller bearing (double row)

Asfor other double row bearings types the arrangement of contact angles can be defined in the
options dialog. Unlike the single row radial tapered roller bearing the distance between rows
measuredrrom the center otthe correspondingollers has to be entered’he same results are
calculated as if using a single row bearing with a bearing configuration of two rows. The only
difference is the load capacity, which is shown for the double row beakimign the other bearing
types, the clearance can be also defined as radial clearance.

B
Be
. B/2
~
1 :
- 8 3
f \we /\/
| )
; ©
! "
3 e | 2
| (]
5R |
:‘ ©
Bi
AN !

Barrel roller bearings
Barrel roller bearing are single row spheric B

roller bearings. As for double row spherica "

roller bearings the outer race is a sphere / ' /// / i
and the kearing does not support moment / 70 ///4 . a
loads.Therefore the tilting angle has to be | A T !
defined instead of moment load. L Lwe - S

o [}

[M]
. ) wn
The radius of inner race, outer race and o

i //
roller can be specified as ratio to the /
1
o |

L
nominal diameter of the outer rac&: //// /ﬁ a
| diameter of the outer racé //‘/// i/

(0] 'O . Default parameters aréQ
&

NQ ™TNQ 1@ Y. uf the radius for
the outer race is chosen differently, the ©
bearing cannot rotate freely any more.

ri

The load capacity is calculated using bm=:
as this seems to be these in catalog data
of major manufacturers.
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Axial spherical roller bearing
The pitch diameter fais defined as intersection @bntact anglea and axis of roller. Usual values for
contact angle are 45° to 50°.

[t
i F
‘&
o
- & ' by
&)
5 2
\

! : LA
o

_ e

= 4

O Mt
# %
b e - =] -
1
- i
]
oCR
= =i
B2

Radii of inner race and roller are defineg flactors fand f like for the radial spherical roller
bearings. They are defined asi*(2*r¢) and =f*(2*r ). Default values are £ 0.5 and,f= 0.485. If

the three radii 1, re, I are entered using th = -button behind f, f, the factors { f; and the pitch
diameterDyw are calculated.

The unsymmetry of the roller is defined dly as offset between center of roller and position of

maximum roller diameter {2 A sizing button is available to calculdteso that the contact point is at
the center of the roller.

The load capacities are calculated using the roller diameteatthe contact point.
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Spherical roller bearing

The distance between both rows is
determined the contact angle and
the pitch diameter. In contrast to
the other bearing types the
nominal diametral clearance is onl

applied to the inner race. T

The radius of iner race, outer race o

e .
and roller can be specified as ratio ©
to the nominal diameter of the

outerrace’Q —— ©0O.

Default parameters aréQ

™MNQ ™NQ 1@ Y.uf the
radius for the outer race is chosen
differently, the bearing cannot
rotate freely any more.

dSi

Cross roller bearings
Cross roller bearings have a tact angle

of 45°. They can be selected as radial or |

axial bearings. Differences are the
calculation of load capacity and the input
of clearance as radial or axial clearance.

The number of rollers has to be entered
for one row; so it is half of the total
number of rollersThe length of the roller
has to be smaller than its diameter.

Angular roller bearings

Angular roller bearings are similar to cros:
roller bearings, but all rollers are mountec
in one direction. Therefore, the restriction
on roller lengthdoes not apply anymore
and the contact angle is available as inpu
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Approximation of bearing geometry
If the inner bearing geometry is natailablejt can be approximated by the software. Four
possibilities are available:

Enter outside geometry only
Inthis case only the outside geometry of the bearing is defined with inner diameter d, outer
diameter D and width B. Additionally the contact angle and the clearance have to be defined.

The number and size of rolling elements are approximated by the softWwheeload capacities are
then calculated using this inner geometry. This does not lead to accurate results, because the real
bearing geometry is not used. But still influences of moment loads and other parameters could be
seen.

Enter outside geometry and load capacities
In this case thénner geometry is approximated as before, but the load capacities are provided by
the user. The load capacities are usually available in bearing catalogues.

Enter inner geometry
Using thisselection you have to enter athe dimensions for inner geometry. The load capacities are
calculated according to the standards.

Enter inner geometry and load capacities

Since bearing manufacturers often use load capacities larger than calculatediagdor standards,

it is possibled enter both: the inner geometry and the load capacities. The load capacities are then
used for the calculation of life.

Select bearing from database [Deep groove ball bearing =] (k]
Instegd of entering bearing geometry by the iner diameter 4 -
user, it can be selected from a database.

Quter diameter D 47 mm [
Inner and outer dimeter can be defined name di[mm] De[mm] Blmm]  C [kN] €0 [kN]
opthnally. This rgstnctg the numbgr of ao0e |70 - . — 334404
bearings shown in the list. By clicking on the
titles of the columns the data can be selecte 81804 20 32 7 34834 2.23606
according to this column. 6304 20 52 15 138466 690738
Double clicking of a row reads in the bearing 5204 20 4 14 116297 6.02246
data and Updates the valueghich are read 16004 20 432 a 848505 457024
from the database.

6004 20 42 12 848595 4.57034

The data of inner geometry of the bearings
provided with the database are approximated from outer dimensidwilitional databases from
bearing manufacturers are available. Catalog deith approximated inner geometrig available

from SKF and included in the installati@ncryptedoearing databases including inner geometry are
available from GMN and IBC, please contactitbaringmanufacturer for these databases.
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General Bearing geometry Bearing configuration | Material and Lubrication Loading Track roller

[Angular contact ball bearing - ] E] [Enter outside geometry only -
Inner diameter d a5 mm E] Crynamic load number Cr 6183 kM

Static load number COr ©63.5152 kM
Quter diameter D 145 mm

Fatigue load limit Cur  3.02162 ki
Width B 24 mm

Bearing dearance User input - ]
Mumber of rolling elements z 22

Axial dearance Pa 0O mm
Diameter of rolling elements Dw 14 mm

Bearing tolerance IS0 492 - P4 - ]
Pitch diameter Dpw 120 mm D

Fit to shaft ke (&)
Contact angle dz 25 e E]

Surface roughness shaft Rz 4 um
Conformity i i fi 0.52 -

onformity inner ring Shaft inner diameter dsi O mm

Conformity outer ring fe  0.52 Fit to housing H7 E]
Shoulder diameter inner ring dsi 1144 mm E] Surface roughness housing Rz 4 um
Shoulder diameter outer ring dse 1256 mm E] Housing outer diameter dhe 0O mm

Load capacities

Dependent on the setting for the approximation of bearing geometry, the load capacitidsecan

input or an output. If they are given by thuser,they will not be changed because of surface

hardness of the material. The surface hardness is only considered if the values are calculated by the
software.

Dynamic load number

The dynamic load nundp is used for the calculation of bearing lifeisltalculated accordingSO
281, 2007 with factor fc according ISO/TR 1281, 2008) The factor k can be influenced for filling
slot bearngs using the options dialog for the bearing ty,.”-putton behind bearing type)f the
option for hybrid bearing iselectedin the options dialog, the dynamic load capacity is calculated
according taISO/DIS 20058, 2016) leading to larger bm and smaller fc, but unchanged load
capacity compared to steel bearings.

The dynamic load number can be influenced by a modification factor available at material properties.

Static load number

The static load number is calculated accordii®0 76, 200&nd ( ISO/TR 10657, 1991) is only for
documentation andnly used in the calculatioof static safety factor ithe static safetyis not

OF £ Odzf F i SR o6 aSR 2yt Cadiat NRIaSA Sad [ olaASs  aal SriSiirey” Fral G/ 20NJ
used in one case for track roller calculation, see that section for details.

If the option for hybrid bearing iselectedin the bearingoptions dialogthe static load capacity is
calculated accordig to (ISO/DIS 20058, 2017) leading to larger static load capacitidote that
(ISO/DIS 20058, 2017)also uses higher values for recommendations of static safety factors.
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The static load number is based on a permissible stress which can be changed at inputs for material
data.

For bearingsvith low speed higher loahare permitted sometimes. Faxample (ISO 1002, 1983)
allows a radial force of over five times the static load capacity for nonrotating ball bearings.

Fatigue load limit

The fatigue load limit isalculated accordinSO 281, 2008&ection B.3.2.1.2 for ball bearings and
according section B.3.2.18r roller bearingsFor rollerbearingsthe standard calculation according
ISO/TS 16281 is used, not the extended mettwwgressure distribution.

The fatigue load limit is based datigue strength of 1500MPa and it is used for the calculation of
modified life. The fatigue strength can be modified using inputs for material data.

Inner, outer diameter and width
The inner tameter, outer diameter and width are only needed for documentation and for the
approximation of inner geometry. They are not used in the calculation itself.

If the inner geometry is provided dse values could be set to zero.
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Deformations of rings
o (2]

If deformationsof outer and inner ringre, ~ [ner diameter d |00

for instance known by means of FE analyse g, e diameter D 140 mm |
they can beentered into the software to f _ _ _ )
evaluate their influence on bearing life and contact i7)1 Define deformations of outer ring B
stressby clicking on th¢i”-button behindboth Type of input Paint data -]

i i i Mot considered
diameter input fields 7] urimm] ux|Foorer cocficents
Theyaretwo possibilitiesOn one hand, with the 10 002 0,01
option¥ 2 A y (, asknlany pofdts of deformation

a0 0,01 -0,012
as needectan be added to the thdatatable. Any : ' '
point is positioned circumferentially by its angle an{ |3 135 0,015 -0,016 E]
both the axial and radial deformatlon can be . 425 006 10,0115 E]
defined Note that the deformations along the rings
between any defined points will be linearly 5210 0045 0011
interpolated.On the other hand, there is an option 6 315 0,01 0,014
to define the a approximatedeformation curve by
WC 2 dzNRA S NJ a® $h&wvh h ih@pickinbeloa.Q ok || cancel |
Addtionally,a whole table can be imported from a
csvile using the® -button and any created table | peformation of rings =
can be exported into a file using tl =-button. Deformation of rings

i

i1 Define deformations of inner ring

A

Type of input [Fnurier coeffidents

ur[mm] & r[*] ux[mm] &x[°]
u*cos(0™y + ¢) 0,09 0 0,001 0
urcos(l*y + ¢) -0,03 -30 0,0015 -45

urcos(2*Y + ¢) 0,015 60 0,009 270

(] (] (o] () [

OK ] l Cancel

In the currentversion,the definition of deformation cannot be used together with track roller
calculation with elastiouter ring.

Number of rolling elements

The number of rolling elements has to be specified. A minimum number is three; the maximum
number depends on the bearing pitch diametArwarning is shown if the rolling elements overlap,
the distance between rollmelements is

available in the results overview and report. I} Enter parameters X

For cross rollebearingsthis is the number of =~ Enter number of raling elements

rollers for one row. Maximum fill angle WREmMax :
) ) Minimum distance between roling elements GREmin |:| mm
Using the ir'-button the number of rolling

elements can be calculated automatically iz
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based on a maximum fill angle andninimumdistance between the rolling elementSor deep
groove ball bearing the fill angle would be 1800° the minimum distance can be based on
requirements for the cage.

This option$ mainly thoughto allow the variation of the rolling element diameter in the parameter
variation with an automatic setting of the number oflilng elements.

Diameter of rolling elements
The diameter ofhe rolling elements is specified heréor taper rolletbearingsthe diameter inthe
middle of the rolleiis used

Calculation of basic geometry from damage frequencies

Using the =-putton the number of rolling elements, roller diameter and contact angle can be
calculated from given damage frequencies. This can be used if damage feezgifor a bearing are
given and geometry data is missing.

i {11 Calculate Z, Dw from frequencies liz-r
Speed of inner ring ni 1000 rpm
Speed of outer ring ne 0 rpm
Pitch diameter Dpw 33.5 mm
Damage frequency for inner race fip  107.383 1fs
Damage frequency for auter race fep  75.9458 1fs
Damage frequency for roling element frp 72,2543 1fs
Mumber of rolling elements z 11
Roller diameter Dw 7.5 rmm
Mominal contact angle a 39,9995 =

oK I [ Caloulate ] I Cancel

h

Pitch diameter

The pitch diameter is the diameter of the centers of rolling elements when they have the same
amount of clearance to both races. The diameters of inner and outer race are caichiatkis
value, the diameter of rolling element, the contact angle and the clearance.

Usually the mean value of inner and outer diameter of the bearing is taken, but it can be different.
Forexample,it is not valid for a needle bearing without inner rididne mean value can be selected

using the * -button behind the input.

Contact angle

The contact angle has to be provided for angular contact beariogspoint ball bearingsspherical
ball bearingstaper roller bearinggd spherical roller bearing&a taper rollerbearingsthe cup
angle is used since this is the direction of the fokdging the"ir'-button the direction of contact
angle can be selected.
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For double row angular contabtaringsthe backto-back arrangement has the larger width
between the centers of pressure and it is also calledddfiguration, while the facéo-face
arrangement is the same as thecEnfiguration.

Conformity of inner and outer ring

The conformity is the ratio between radius of curvature of a race and the ball dianketer.

geometric reasons the value has to be larger than 0.5. The values used for the calculation of tables in
ISO 281 are#f.=0.52 for radial ball bearings andff=0.535 for thrust ball bearings as stated in

ISO/TR 1281, 2008)

Accordingo (ISO/TS 16281, 20083ual values arg=0.52 and4=0.53 for radial ball bearings and
fi=fc=0.54 for thrust ball bearing8lSO 76, 2008)Iso used$i=f.=0.54for thrust bdl bearings.

For spheicalor barrelroller bearings values d¢f £=0.5 should be used. Here the diameter of the
outer race dis used as reference.

According tq(ISO 281, 2004nd (ISO 76, 2006 larger conformity reduces the load capacity and
GKSNBF2NBE | NBRdzOGA2Yy 2F FO A& nadSdadsiinddaRethed dzi |
loadOlF NNBEAY 3 FoAfAGEEéDdD ¢CKSNBF2NBY (KS az2Fdél NB |
calculation of load capacity. See t".”-button behind the bearing type for ball bearings.

a
tt

For spherical babbearings, the diameter of outer race s used as reference fas. fSo §=0.5 should
be used as default.

Using the"-button behind the input fiad, the conformity can be calculated from a given radius.
Ensure that you input the correct roller and pitch diameter before.

Conformity of roller
For sphericabr barrelroller bearingsthe conformity of the roller has a usual value gf485. The
diameter of the outer race glis used as reference, so r*df.

Distance between rows

For double rowbearingsthe distance between rows is shown in the user interface. It is the axial
distance between theentersof balls. For double row angular contdoetarings, it is an input, for the
other bearing types it is an output since the distance is calculated by pitch diameter and contact
angle. The distance between rows is

) 0 DAI

Effective length of roller
The effective length of the roller ibé length that can be loaded. A radius at the end of the roller has
to be subtracted to get the effective length.

If the extended method pressure calculation for pressure distribution is selected ordpBgs YOS NJ- f
the roller profile can be defined usirthe “~-button.
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Defining roller profiles
Profiles can be defined for inner race, outer race and roller.

F -
{11 Define roller profiles I. ? &I
Difference between effective and total roller length alw 0| mm

Mumber of roller sections used nSec 41
Roller
Type of profile ISEndard profile according ISQ/TS 16281 I
Inner race
Type of profile lCruwning - ]
Profile proo0 mm |
Unmodified cylindrical part Lwu 0 0
Quter race
Type of profile Read file - I
Profile pr 0 mm
File name E
[ Ok ] l Cancel I
L

As general inputs the difference between effective and total roller length can be defined. As it
increases the stiffness of the roller it has an influeandhe calculation.

The number of sections for the calculation has to be larger 30 and has to be an odd number. The
calculation accuracy and the calculation time increase with a larger number of sections.

Four options are available for the profiles:

1. Stardard profile according ISO/TS 16281:
This is using the defaults of the standard, which is logarithmic profile of the roller and no
profile on the races.

2. Logarithmic profile
The amount of relief can be defined and a cylindrical part that should not béfieahd he
following formula is used

5o 0o P~
cTE D
P O 0 0]

For the roller a sizing buttoprovides the default relief according ISO/TS 1628tk default
relief of 0.00035*Dw for short cylindrical roller bé&ags corresponds to a contact stress of
3000MPa.

3. Modified logarithmic profile:
The amount of relief is calculated according following formideaved from(Fujiwara, et al.,
2010)
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p

0o 0¥ &
-~— CI® U
oP P Q 0 0 (0]
using
. nop '
0o ¢O O o)

The maximum relief is not infinity at the edge of the roller like in the logarithmic profile
according ISO/TS 16281 but limited to the maximum value of pr.
Using p =3000MPand pr=Infinity the results are the same as for the logarithmic profile
according ISO/TS 16281 above.
The material data for this profile is always taken from the contact roller/inner race.

4. Crowning:
A circular arc tangential to the cylinder is used to getesthe profile. The amount of relief
and a percentage of unmodified cylinder length can be defined.

5. Read file:
The profile can be read from a file. The data has to be specified with two values on each line,
an axial position and the profile relief. Thgial position is scaled with the roller length and
the relief is scaled with the input for the profile relief. So a range frbo +1 can be used
for the axial position and 0 to 1 for the relief
A very simple file is shown here. It was selected foritiner race profile on the right:

Axial position [mm]

Roller profile
—Roller profile
_,  D.00s =—=Iriner race profi
E 0.004
E
s 0.002
g 0 =
o 0,002
0004, ; . . . ; .
f":'l l'l\] ‘T' = — [} [}

Axial position [mm]

The unsymmetrical profile is used from left to right for most bearings. For taper roller
bearings and axial spherical roller bearings the profiles is used from left to right if direction of
contact angle is left. For ctact angle to the right

the profile is mirrored. So mounting conditions d DErE O lEiDy DE EEE

not influence the profile. Ar s
6. User input: . -

Instead of defining a file name the points for the %

profile can be defined in a table. Again as above

0.7 ] 5
use a range ofl to +1 for the axial pagon and a ’
value between 0 and 1 for the profile relief. 4|1 ! -
The table in the diagram on the right shows the

same data as the file above.

The profiles can be shown in the graphics for roller profile.
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