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Introduction  
This rolling bearing calculation (Version 04/2017, File version 3.0) calculates the load distribution, the 

reference life and the modified reference life according ISO/TS 16281 (DIN 26281) for the following 

types of bearings: 

¶ 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 row radial angular contact bearings 

¶ Double row axial angular contact bearings 

¶ Single row spherical ball bearings 

¶ Double row spherical ball bearings 

¶ Four-point ball bearings considered as radial bearings 

¶ Four-point ball bearings considered as axial bearings 

¶ Duplex ball bearings 

¶ Radial cylindrical roller bearings 

¶ Double row radial cylindrical roller bearings 

¶ Axial cylindrical roller bearings 

¶ Barrel roller bearings 

¶ Needle bearings 

¶ Tapered roller bearings 

¶ Double row tapered roller bearings 

¶ Axial tapered roller bearings 

¶ Radial spherical roller bearings 

¶ Axial spherical roller bearings 

¶ Cross roller bearings considered as radial bearings 

¶ Cross roller bearings considered as axial bearings 

¶ Angular roller bearings considered as radial bearings 

¶ Angular roller bearings considered as axial bearings 

Additional bearing types will be added in the future. 

The inner geometry of the bearings can be approximated by the software or provided by the user. 

The operating clearance can be specified. The influence of interference fits, temperature and 

centrifugal load on the clearance can be taken into account. Centrifugal loads and gyroscopic 

moments on the rolling elements can be considered for ball bearings only. 
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In extension of ISO/TS 16281 the influence of reduced material hardness can be considered 

according NREL guideline DG03. This includes a check of the case core interface. 

The lubricant film thickness can be calculated by the software. This is done according to Harris: 

Rolling bearing elements. 

The loading can be specified as force/moment or displacement/rotation independently for each of 

the five degrees of freedom. Bearing 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/TS 16281 

¶ 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 shoulder 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 interference fit and temperature 

¶ Wear parameters like PV and QV for ball bearings 

In addition to the report the results are shown in several graphics. Report and user interface are both 

available in metric or US customary units. Supported languages for user interface and report are 

English, German, French, Spanish, Chinese and Korean. 

Parameter variations can be made using ranges for several parameters. The results of parameter 

variations are given as tables or graphics. Proposals are provided for several inputs and conversions 

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 direction and the life and 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 considered. The elastic outer ring can 

be considered with following bearing types: Deep groove ball bearing, radial angular contact bearing, 

four-point ball bearing and radial cylindrical roller bearings. Multi row bearings can be considered 

using bearing configurations. 

Installation  
When running the installer, the installation directory can be selected. The default location is 

ά\Program Files\MESYS 04-2017έΦ  !ƭƭ ŦƛƭŜǎ ŀǊŜ ƛƴǎǘŀƭƭŜŘ ƛƴǘƻ ǘƘŀǘ ŘƛǊŜŎǘƻǊȅΦ Also, an entry in the start 

menu is created. 
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The uninstaller can be called from the start menu. This deletes the installation directory and the 

entries in the start menu. 

Without a license file the software runs as demo version. In the demo version, 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 evaluation of the software. 

¢ƘŜ ƭƛŎŜƴǎŜ ŦƛƭŜ ΨƭƛŎŜƴǎŜΦŘŀǘΩ Ƙŀǎ ǘƻ ōŜ ǇƭŀŎŜŘ ƛƴ ǘƘŜ ƛƴǎǘŀƭƭŀǘƛƻƴ ŘƛǊŜŎǘƻǊȅ όƛƴ ǘƘŜ ǎŀƳŜ ŘƛǊŜŎǘƻǊȅ ŀǎ 

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

software. 

Configuration with IN I-File 
{ƻƳŜ ŎƻƴŦƛƎǳǊŀǘƛƻƴ ƻŦ ǘƘŜ ǎƻŦǘǿŀǊŜ Ŏŀƴ ōŜ ŘƻƴŜ ǳǎƛƴƎ ΨƳŜǎȅǎΦƛƴƛΩ ƛƴ ǘƘŜ ƛƴǎǘŀƭƭŀǘƛƻƴ ŦƻƭŘŜǊΦ 

Currently the settings are used for database access and formatting of the report. 

Section Value Description 

General recentfilenumber Number of recent files shown 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: \ \ \ \Server\ \Share\ \path\ \ license.lic 
bƻǘŜΥ ŜŀŎƘ Ψ\Ω Ƙŀǎ ǘƻ ōŜ doubled 

 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.  

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

 systemlocale Set to true for decimal point of operating system or false 
ŦƻǊ ΨΦΩ ŀǎ ŘŜŎƛƳŀƭ ǎŜǇŀǊŀǘƻǊ 

 usecalculatethread If set to true calculation is done in a separate thread, else 
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 given 
without path, it is opened from the installation directory. 
CƻǊ ǇŀǘƘ ǎŜǇŀǊŀǘƻǊǎ ŜƛǘƘŜǊ ǳǎŜ ΨκΩ ƻǊ Ψ\ \Ω ōǳǘ ƴƻǘ Ψ\ΩΦ 

 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 to memory. This speeds 
up the program in case the database is on a network 
drive. Default is false. 

Importdatabases path_1 A path to additional databases can be defined. These 
additional databases are read only and optionally 
encrypted. If the filename is given without path, it is 
opened from the installation directory. 
CƻǊ ǇŀǘƘ ǎŜǇŀǊŀǘƻǊǎ ŜƛǘƘŜǊ ǳǎŜ ΨκΩ ƻǊ Ψ\ \Ω ōǳǘ ƴƻǘ Ψ\ΩΦ 
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 password_1 The password for the encrypted database 

rbc defaultinputs Path to a xml-file with default settings 
For path separators ŜƛǘƘŜǊ ǳǎŜ ΨκΩ ƻǊ Ψ\ \Ω ōǳǘ ƴƻǘ Ψ\ΩΦ 

 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 dropping 
it on the main window 

 logo A logo for use 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 
ŘŜŦŀǳƭǘΣ ǘƘƛǎ ǾŀƭǳŜ ƛǎ Ŝǉǳŀƭ ǘƻ άLb¢9wb![t5CέΣ ōǳǘ ƛǘ Ŏŀƴ 
ōŜ ǎŜǘ ǘƻ ά5h/·έΣ ά5h/έΣ h5¢έ ƻǊ άt5Cέ όwithout quotes) 

 tableformat The format of the outputted results table can be also set; 
ƴŀƳŜƭȅΣ ǘƻ ά/{±έΣ ά·[{·έΣ ƻǊ ά·[{έ 

 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 are 
A4 and Letter 

 template Path to the created template file used for the report 
ŎǊŜŀǘƛƻƴΦ {ǳǇǇƻǊǘŜŘ ŦƛƭŜ ŦƻǊƳŀǘǎΥ ά5h/·έΣ ά5h/έ ƻǊ 
άh5¢έ 

 logo A different logo can be defined, which will be used in the 
report. The format had to be PNG. 

report marginbox1\active The marginbox is used if set to true, else set it to false 

 marginbox1\ rect 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/left 
negative velues from the bottom/right. 
For example @Rect(-35 -20 30 20) is a rectangle at the 
right bottom. 

 marginbox1\text The text for the margin box. It has to be set in quotations 
ƳŀǊƪǎ όƭƛƪŜ ƛƴ ά¢ŜȄǘέύΦ 9ƛǘƘŜǊ ƴƻǊƳŀƭ ǘŜȄǘ ƻǊ I¢a[ Ŏŀƴ ōŜ 
used. 
Some placeholders are defined: #page, #pageCount, 
#data, #datetime 

 marginbox1\angle A rotation angle of the margin box can be set in degrees. 
The orientation of the angle is clockwise if positive. 

 marginbox1\ isHtml Either set it to true or false dependent on the type of 
text. 

 marginbox1\drawBox If set to true a rectangle id drawn indicating the size of 
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 boxes (marginbox1\ ...) are only valid if format is equal 

ǘƻ άLb¢9wb![t5CέΦ 
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Template  

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

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

and footer can be edited, in which it is possible to link information to the software such us as 

Ψmodule licenseΩ, Ψlicense nameΩΣ ΨŘŀǘŜΩΣ ΨŦƛƭŜ ƴŀƳŜΩΣ ΨǇǊƻƧŜŎǘ ƴŀƳŜΩ ƻǊ ΨdescriptionΩ by means of the 

text fields option in Microsoft word. Additionally, a company logo can be included, instead of the 

MESYS logo that it is shown by default at the report: 
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Command line parameters  
The software supports a few command line parameters: 

¶ -disableHighDPI disables scaling and tell the operating system to do the scaling. This is 

currently the default setting. 

¶ -enableHighDPI enables highDPI scaling by the software. This setting still has some problems 

but it might be useful on some systems. 

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

¶ -OpenGLES tells the software to translate OpenGL into DirectX. This can be used if the driver 

for the graphic card does not work correctly and hardware OpenGL does not work. 

¶ -softwareOpenGL tells the software to use a software driver for 3D graphics. This can be used 

if the two setting above fail to work. 

¶ -ƛƴƛҐŦƛƭŜΦƛƴƛ ǘŜƭƭǎ ǘƘŜ ǎƻŦǘǿŀǊŜ ǘƻ ǳǎŜ ΨŦƛƭŜΦƛƴƛΩ ŦƻǊ ǇǊƻƎǊŀƳ ǎŜǘǘƛƴƎǎ 

¶ -ƭƛŎŜƴǎŜҐƭƛŎŜƴǎŜΦŘŀǘ ǘŜƭƭǎ ǘƘŜ ǎƻŦǘǿŀǊŜ ǘƻ ǳǎŜ ΨƭƛŎŜƴǎŜΦŘŀǘΩ ŀǎ ƭƛŎŜƴǎŜ ŦƛƭŜΦ ¢Ƙƛǎ Ŏŀƴ ōŜ ǳǎŜŘ ƛǘ 

different license files are available. 

¶ If a *.xml filename is passed as a parameter, the file is opened by the software. This also 

allows to drop an input file on a program icon on the desktop. 

Update 
LŦ ǘƘŜ ǎƻŦǘǿŀǊŜ ƛǎ ǳǇŘŀǘŜŘ ǿƛǘƘ ŀ ƴŜǿ ǾŜǊǎƛƻƴ ǘƘŜ ŘŀǘŀōŀǎŜ ΨƳŜǎȅǎΦŘōΩ ǎƘƻǳƭŘ ƴƻǘ ōŜ ƻǾŜǊǿǊƛǘǘŜƴΦ 

Either the new installation is done in a new directory or the database file is copied to a different 

location. 

!ŦǘŜǊ ǘƘŜ ƴŜǿ ǾŜǊǎƛƻƴ ƛǎ ǎǘŀǊǘŜŘ ǘƘŜ ŘŀǘŀōŀǎŜ Ŏŀƴ ōŜ ǳǇŘŀǘŜŘ ōȅ ŎƘƻƻǎƛƴƎ ƳŜƴǳ Ψ9ȄǘǊŀǎΩ-ҔΩ5ŀǘŀōŀǎŜΩ-

ҔΩLƳǇƻǊǘ ŦǊƻƳ ƻƭŘ ŘŀǘŀōŀǎŜΩΦ !ƭƭ ŎǳǎǘƻƳ ŜƴǘǊƛŜǎ ǿƛƭƭ ōŜ ǳǇŘŀǘŜŘΦ /ƘŀƴƎŜǎ ǘƻ ŘŜŦŀult data will be lost 

as only custom data will be copied. 

Requirements  
The rolling bearing calculation is available as 32bit windows program running on Windows Vista, 

Windows 7, 8 or 10. In addition to the 32bit version which can be used on 32bit or 64bit operating 

system also a 64bit version is available. The minimum required processor is Intel Pentium 4 or above. 

About 150MB of hard disk space is required. All dependencies of the software are available in the 

installation directory. Therefore, it can just be copied to other machines or started from network or 

removable disks. 

General usage 

To run a calculation, first the data on all pages is introduced. Then press the button  or F5 to run 

the calculation. After all data is defined the calculation can be run from 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 

 This plus button shows a dialog with additional inputs. Some of these 



7/78 
 

inputs need to be defined, some are just optional. 

 This conversion button allows the conversion from other types of input. For 
example, the radial clearance can be converted from an axial clearance 

 This proposal button provides a suggestion for an input by the software 

 

¢ƘŜ ǳƴƛǘ ǎȅǎǘŜƳ ŦƻǊ ǘƘŜ ƛƴǇǳǘ ŀƴŘ ƻǳǘǇǳǘ Ŏŀƴ ōŜ ǎŜƭŜŎǘŜŘ ƻƴ ǘƘŜ ƳŜƴǳ Ψ9ȄǘǊŀǎ-Ҕ¦ƴƛǘ ǎȅǎǘŜƳΩ ŜƛǘƘŜǊ ŀǎ 

metric or US units. 

Using the context menu for the units of input fields, the current unit can 

be changed. These settings are saved for the current user. 

Pressing the right mouse button on an input field a window for an input 

of a formula is shown. This can be used for quick calculations. 

The software is available in English, German, French, Spanish, Korean and 

Chinese language. The language can ōŜ ǎŜƭŜŎǘŜŘ ƛƴ ƳŜƴǳ Ψ9ȄǘǊŀǎΩΦ 

All graphics can be printed or exported as PNG file using the 

context menu (right mouse button) in the graphic window. For 

the export the size of the graphic can be specified. 

In the graphic windows of the software, there are different 

buttons for the view manipulation in 3D, such as the zoom-in, 

zoom-out and fit-to-window functions and also it is possible to 

select the point of view from different planes. The 3D model can 

be dragged with the mouse by holding down SHIFT key as well 

as zoomed in and out by holding down the CTRL key. 

 

 

Any diagram of the software can be edited by right 

ŎƭƛŎƪƛƴƎ ƻƴ ƛǘ ŀƴŘ ǎŜƭŜŎǘƛƴƎ ǘƘŜ Ψ5ƛŀƎǊŀƳ ƻǇǘƛƻƴǎΩ ŀǘ ǘƘŜ 

context menu.  

Both the units and bounds for the axes can be set. 

Moreover, if any of the graphs is of no interest, it can be 

disabled with the checkboxes. The color and line style of 

each curve can be changed too. 
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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. 

 

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 used to 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 modification factor for reliability a1 is calculated according 

to this input using the three parameter Weibull relationship as given as formula in (ISO/TR 1281-2, 

2008). The table in ISO 281 (2007) is also calculated according to this formula and has changed to 

previous versions of the standard. 

Limit for a ISO 

The life modification factor for systems approach aISO takes into account lubrication properties and 

fatigue limit of the bearing and it is multiplied to the L10r life to get the modified reference life. 

According to ISO 281 this factor is limited to a maximum value of 50. In some cases, for example in 

wind turbines a smaller maximum limit of 3.8 is required. 

The maximum limit for the aISO factor can be specified here. The input is only an upper limit for the 

aISO factor which is calculated according to (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 contacts. In the actual version, this is only available for ball bearings. The friction 

moment is only considering the load dependent part of the friction; the no load part is not 

considered. 

A proposal by (Harris, et al., 2007) is a value of 0.1 for the friction coefficient. 

Calculate lubricant film thickness  

The calculation of modified reference life requires a viscosity ratio k. This ratio is calculated by the 

lubricant viscosity and a reference viscosity n1 or it can be calculated from the lubricant film 

parameter L as ‖  ɤȢ according (ISO 281, 2007) and (ISO/TR 1281-2, 2008). 

Since the viscosity ratio is calculated using standard settings for surface roughness, loading, pressure 

viscosity coefficient of the oil and geometric properties, the usage of lubricant film thickness takes 

into account more parameters of the actual bearing. For the definition of the reference viscosity n1 

see the derivation in (Baalmann, 1994) or (Heemskerk, 1980). 

If this setting is activated the lubricant film thickness is calculated according (Harris, et al., 2007). For 

ball bearings the minimal film thickness is calculated using equation 4.60 (Harris, et al., 2007) by 

Hamrock and Dowson. For roller bearings equation 4.57 (Harris, et al., 2007) according Dowson and 

Higginson is used. The same formulas are used for the calculation of L in (ISO/TR 1281-2, 2008). The 

software uses the minimal film thickness for the calculation of L, in contrast to (Heemskerk, 1980) 

who is using the central film thickness. 

In addition, a thermal correction is applied from version 08-2016 on.  The thermal correction factor is 

calculated according to (Koch, 1996) using the formula 4.62 from Wilson and Murch. Different 

literature provides different correction factors, see (Baly, 2005) or (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 section is calculated and used for the calculation of life 

modification factor for systems approach aISO for this section. 

Consider centrifugal force  

The centrifugal force can be considered for ball bearings and radial cylindrical roller bearings in this 

version of the software. It will also be added for other 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 race and an increased spin to roll 

ratio. 

Consider shaft and housing temperature  

If this option is activated the shaft and housing temperatures are available as inputs in addition to 

inner and outer ring temperatures. 
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Oscillating bearing  

Some bearings are not fully rotating but they are just oscillating. In this case, the effective number of 

load cycles is smaller than for a rotating bearing which can be considered by the software. The 

calculation is done according (Harris, et al., 2009) which is based on (Harris, et al., 2007). 

An oscillating angle and an oscillating speed (oscillations per minute) have to be provided in this case. 

The oscillation angle is defined as the angle between the two and points of oscillation, so it is twice 

the amplitude. 

The rotation speeds ni and ne are used for the calculation of centrifugal forces and lubrication film 

thickness, oscillation speed fosc is used for the calculation of life in h. For the speed used to calculate 

the lubrication factor (Houpert, 1999) proposes n = ɸosc/180°*fosc. The speed has to be entered by 

the user. 

In case of ɸosc< ɸcrit/2 fretting corrosion can occur; 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 calculated by the software or 

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 hardness 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 recommended. 

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 taken into 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 as 

a number. 

Rolling element temperature  

As default the temperature of the rolling element for calculation of operating clearance is set to the 

maximum temperature of inner and outer ring. This default setting can be changed to either the 

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

ά[ƻŀŘƛƴƎέ ǘƻƎŜǘƘŜǊ ǿƛǘƘ ǘƘŜ ƛƴƴŜǊ ŀƴŘ ƻǳǘŜǊ ǊƛƴƎ ǘŜƳǇŜǊŀǘǳǊŜǎΦ 

If the heat is generated by the bearing the maximum temperature is a reasonable selection. If the 

heat is generated by other heat sources, the mean temperature could be a better choice. 
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Position of first rolling element  

As the circumferential position of the rolling elements within the bearing may affect to the 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 using the -button. 

¢ƘŜ ǎŜƭŜŎǘƛƻƴ άCƛǊǎǘ ǊƻƭƭƛƴƎ ŜƭŜƳŜƴǘ ƻƴ ƭƻŀŘ 

ŘƛǊŜŎǘƛƻƴέ ǳǎŜǎ ǘƘŜ ǊŀŘƛŀl displacement for 

definition of the angle. For pure moment load the 

angle is set to zero. 

The option is not yet available for track roller 

calculation with elastic outer ring. 

Options for gyroscopic moment  

In case of different directions of forces on inner 

and outer ring contact, the gyroscopic moment 

ƻƴ ǘƘŜ ōŀƭƭ ǿƛƭƭ ŀŦŦŜŎǘ ǘƘŜ ƭƻŀŘ ŘƛǎǘǊƛōǳǘƛƻƴΦ CƻǊ ƘƛƎƘ ǎǇŜŜŘ ōŀƭƭ ōŜŀǊƛƴƎǎ ƻŦǘŜƴ άƻǳǘŜǊ ǊŀŎŜ ŎƻƴǘǊƻƭέ ƛǎ 

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

¶ άDȅǊƻǎŎƻǇƛŎ ƳƻƳŜƴǘ ƛǎ ƴƻǘ ŎƻƴǎƛŘŜǊŜŘέΥ  ¢Ƙƛǎ ƛǎ ǘƘŜ ǎŀƳŜ ōŜƘŀǾƛƻǊ ǘƘŀƴ ƻƭŘŜǊ ǾŜǊǎƛƻƴǎ ƻŦ ǘƘŜ 

software. No gyroscopic moment is considered and spinning speeds are calculation by 

Coulomb friction. 

¶ άDȅǊƻǎŎƻǇƛŎ ƳƻƳŜƴǘ ōŀǎŜŘ ƻƴ ƻǳǘŜǊ ǊŀŎŜ ŎƻƴǘǊƻƭέΥ ¢ƘŜ ōŀƭƭ Ǌƻǘŀǘƛon vector is calculated 

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

force at outer race contact. 

¶ άDȅǊƻǎŎƻǇƛŎ ƳƻƳŜƴǘ ōŀǎŜŘ ƻƴ ƻǳǘŜǊ ǊŀŎŜ ŎƻƴǘǊƻƭΣ ŘƛǎǘǊƛōǳǘŜŘ ŦƻǊŎŜέΥ ¢ƘŜ ōŀƭƭ Ǌƻǘŀǘƛƻƴ ǾŜŎǘƻǊ 

is calculated assuming 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. 

¶ άDȅǊƻǎŎƻǇƛŎ ƳƻƳŜƴǘ ōŀǎŜŘ ƻƴ ƛƴƴŜǊ ǊŀŎŜ ŎƻƴǘǊƻƭέΥ ¢ƘŜ ōŀƭƭ Ǌƻǘŀtion vector is calculated 

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

force at inner race contact. 

¶ άDȅǊƻǎŎƻǇƛŎ ƳƻƳŜƴǘ ōŀǎŜŘ ƻƴ ƛƴƴŜǊ ǊŀŎŜ ŎƻƴǘǊƻƭΣ ŘƛǎǘǊƛōǳǘŜŘ ŦƻǊŎŜέΥ ¢ƘŜ ōŀƭƭ Ǌƻǘŀǘƛƻƴ ǾŜŎǘƻǊ 

is calculated assuming 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. 

¶ άDȅǊƻǎŎƻǇƛŎ ƳƻƳŜƴǘ ōŀǎŜŘ ƻƴ ŦǊƛŎǘƛƻƴέΥ hƴ ŜŀŎƘ ƛǘŜǊŀǘƛƻƴ ŦƻǊ ball equilibrium the frictional 

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 normal loads. This options leads to much longer calculation 

time and it can lead to convergence problems if not all balls are loaded. 

CƻǊ ƘƛƎƘ ǎǇŜŜŘ ōŀƭƭ ōŜŀǊƛƴƎ ǳǎǳŀƭƭȅ άƻǳǘŜǊ ǊŀŎŜ ŎƻƴǘǊƻƭέ ƛǎ ŀǎǎǳƳŜŘΣ ǘƘƛǎ ƭƛƳƛǘǎ ǘƘŜ ǎŜƭŜŎǘƛƻƴ ǘƻ ǘǿƻ 

options only. For low speed the gyroscopic has usually only very little influence and can be ignored. 

The gyroscopic moment cannot yet be taken into account for four-point bearings. 
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Life for rolling elements  

The bearing life calculation usually only takes into account fatigue life of the bearing races. 

Life for rolling elements can optionally be calculated. The rolling element life is calculated analogous 

to (ISO/TS 16281, 2008) like described by (Correns, 2015). For the combination of life for single 

rolling elements to the life of the rolling element set, two options for the Weibull exponent can be 

considered, either e=10/9 for ball bearings and e=9/8 for roller bearings as in (ISO/TS 16281, 2008) 

and ( ISO/TR 1281-1, 2008), or e=1.5 as in (ISO/TR 1281-2, 2008) section 4.2.1 for the reliability factor 

a1. This is different to (Correns, 2015) where an 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 calculated in addition. 

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 outer ring 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 assumption of a thick-walled ring 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 closed 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 shoulders is not taken into account. 

An additional factor for the ring stiffness can be defined using the -button 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 load case. This option can be activated here. For each 

load case a full calculation using all factors is made. The resulting life is calculated using the life of 

each element. Result graphics are only shown in the report for the selected result element of the 

load spectrum. However, the result graphics corresponding to any element number (load case) of the 

load spectrum can be shown under the menu ΨGraphicsΩ->ΩLoad spectrumΩ (only until 25 elements), 

as we can see in this picture:  
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All other graphics availablŜ ǳƴŘŜǊ ǘƘŜ ƳŜƴǳ ΨDǊŀǇƘƛŎǎ are only valid for the selected element. 

!ŘŘƛǘƛƻƴŀƭƭȅΣ ǳƴŘŜǊ ΨDǊŀǇƘƛŎǎΩ-ҔΩ[ƻŀŘ ŘƛǎǘǊƛōǳǘƛƻƴ ό[ƻŀŘ ǎǇŜŎǘǊǳƳύΩΣ ŀƭƭ ǘƘŜ ƭƻŀŘ ŘƛǎǘǊƛōǳǘƛƻƴ ŎŀǎŜǎ ŀǊŜ 

superimposed on the chart at the same time. This is also possible for the roller graphics. 

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

single load case. 

Calculate modified life  

If this flag is set the modified reference life Lnmrh 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 (ISO/TS 16281, 2008) a simplified approach to calculate edge stresses in roller bearings is used and 

extended method according other literature are recommended. If this option is set the pressure 

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

proposals of the standard. 

This extended method is available for radial and axial cylindrical roller bearings, taper roller bearings 

and spherical roller bearings. 

Calculate static safety factor based on stress  

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

ὛὊ is used, for roller bearings ὛὊ is used, so that the safety factor is 

proportional to the load. The permissible stress is based on (ISO 76, 2006). 

If the option is not set, the static safety factor is calculated based on maximum rolling element load 

and Qmax in ( ISO/TR 10657, 1991).  

For ball bearings both options usually show 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 of ball and roller bearings can be calculated using the software. In addition to the 

calculation of a single bearing, ŀ ŎƻƴŦƛƎǳǊŀǘƛƻƴ ƻŦ ǎŜǾŜǊŀƭ Ǌƻǿǎ Ŏŀƴ ōŜ ŘŜŦƛƴŜŘ ǳǎƛƴƎ ά.ŜŀǊƛƴƎ 

ŎƻƴŦƛƎǳǊŀǘƛƻƴέΦ  

By using the -button behind the bearing 

type, some options for the selected bearing 

type can be defined. For all bearings, it can 

be selected that inner ring and shaft or outer 

ring and housing are identical. This affects 

the material input and the input of 

tolerances. 

The option άCalculate load capacity for 

hybrid bearingsέ will use (ISO/DIS 20056-1, 

2016) and (ISO/DIS 20056-2, 2017) for the 

calculation of load capacities, which leads to 

increased static load capacity. 

For ball bearings a limit for the conformity used in calculation of load capacity can be defined. The 

load capacity is calculated by the maximum value of the given limit and the actual geometry input. 

In the current version the following bearing types are supported: 

Deep groove radial ball bearing  

Deep groove radial ball bearings are cheap standard 

bearings. Both radial and axial loads can be 

transmitted. The nominal contact angle is 0°, which 

will increase under axial load depending on the radial 

clearance in the bearing. The free contact angle a0 is 

shown in report and result overview. 

The geometry is described with number and 

diameter of balls, pitch diameter, conformity of inner 

and outer race and the diametral clearance. The 

number of balls in the bearing is restricted, to be 

able to assemble the bearing. 

The conformity is the input parameter defining the 

radius of the races. (ὶὭὪὭϽὈύ, ὶὩὪὩϽὈύ) 

Usually the conformity is ὪὭὪὩ πȢυς for deep groove radial ball bearings. 

The diametral clearance is defined as ὖὨ ὨὩὨὭςὈύ. 
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The -button behind the bearing selection, 

also offers some other settings depending on 

the bearing type. For deep groove radial ball 

bearings, ƛǘ Ŏŀƴ ōŜ ǎŜƭŜŎǘŜŘ ƛŦ ŀ άŦƛƭƭƛƴƎ ǎƭƻǘέ 

bearings is used, which influences the 

calculation of the load capacity with factor bm 

in (ISO 281, 2007). 

The permissible ellipsis length ratio controls the 

warning about cut off of contact ellipsis. A value 

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 limit given 

in the report too. 

Double row deep groove ball bearing  

For double row deep groove ball bearings, a 

distance between rows Ψʵwϥ has to be defined in 

addition to the parameters of the single row deep 

groove ball bearing. 

 

 

 

Axial deep groove ball bearings  

For axial deep groove ball bearings, the nominal 

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

= 0.535.  

In the bearing type options dialog, it can be defined 

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. 

 

No tolerances are considered for axial deep groove ball bearings.  
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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°, 25° 

or 40°. 

Double row angular contact bearings 

can be either defined 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 bearing. In 

both cases life modification factor aISO 

is calculated for both rows separately. 

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

Additionally, the input of direction of contact is available in the bearing type options. 

The -button for axial clearance allows to 

calculate the axial clearance for given 

pretension or for given radial clearance in 

case of double row angular contact bearing. 

Double row radial angular contact 

bearing  

For double row angular contact bearings the 

configuration of contact angles can be 

defined in 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 to 

be entered. 
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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 is a value of 

0.535 for the conformity, instead of the 

0.52 used for radial bearings. 

The results for 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. Therefore, the resulting life is 

smaller if the bearing is calculated as axial 

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 single 

row bearing and a configuration of 

two bearings or a double row 

angular contact bearings can be 

defined directly. 

 

 

 

Four-point bearing considered as radial bearing  

This can be used for standard QJ bearings with 35° 

contact angle. Load capacity for a four-point bearing is 

calculated as a double row bearing, as usually done in 

bearing catalogues. The results are reported for both 

rows. In case of two contact points, there is one 

contact on the inner ring of one row and on the outer 

ring of the other row. All possible four contacts are 

considered in life calculation.  

Using the -ōǳǘǘƻƴ ōŜƘƛƴŘ ǘƘŜ ōŜŀǊƛƴƎ ǘȅǇŜ ŀ άŦƛƭƭƛƴƎ 

ǎƭƻǘέ Ŏŀƴ ōŜ ŘŜŦƛƴŜŘ ŀƴŘ ǘƘŜ ƳŜǘƘƻŘ ŎƭŜŀǊŀƴŎŜ ƛǎ 
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generated for the bearing. There are three ways to generate clearance in the software: 

1. Centers of 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 contact angle 

for axial load. 

3. Centers of curvature are moved along the nominal contact angle.  
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Four point bearings considered as axial bearing  

This selection can be used for slewing rings as done in 

(Harris, et al., 2009). Because of additional reduction 

factors for axial ball bearings the calculated life will be 

smaller than considered as a radial bearing.  The load 

distribution is the same as for the four-point bearing 

considered as radial bearing.  

 

 

 

Self-aligning  ball bearing  

Spherical ball bearings can be selected as single or 

double row bearings. A single row bearing has a 

contact angle of zero. 

 

 

 

 

 

 

 

Self-aligning ball bearing (double row)  

For double row bearings the distance of rows is 

defined by the contact angle. The distance 

between rows is then 

‏ Ὀ ϽÔÁÎ‌ 

For spherical ball bearings the conformity of 

outer race is defined as  

Ὢ
ὶ

Ὀ ȾÃÏÓ‌ Ὀ
 

So it is the 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 entered by the user. The life modification factor 

aISO is calculated for both rows separately.  
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Duplex bearings 

Two deep groove ball bearings 

can be calculated as a set by 

ǎŜƭŜŎǘƛƴƎ ά5ǳǇƭŜȄ ōŜŀǊƛƴƎǎέΦ ¢ƘŜ 

same could be done by using a 

single deep groove ball bearing 

and a configuration of two 

bearings but the input is more 

flexible ǳǎƛƴƎ ά5ǳǇƭŜȄ ōŜŀǊƛƴƎǎέ. 

The geometry data is defined for 

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. 

The clearance of the configuration can then be changed by an axial offset dCC between inner and 

outer ring of each bearing. Using the -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 bearing a0 and a0eff are shown in the report and in the results overview. 

Options for the bearing allow selecting of face-to-face or back-to-back configuration. This has an 

influence of the load distribution on moment loads or a tilted bearing.  

 

For the calculation of load capacities there are four options: 

1. Load capacity of single deep groove ball bearing: The input values are for a single bearing 

only. These are the values which are given in the documentation of the single bearing. In this 

case the load capacities of the pair are shown as Csys in the report. 

2. Load capacity of paired deep groove ball bearings: Here the calculation is done using load 

capacities for two paired deep groove ball bearings using factors of 20.7 for dynamic and 2 for 

static load capacity. 

3. Load capacity of double row deep groove ball bearing: Here 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 bearing: Here the load capacity is calculated 

using the free contact angle of the bearings. 
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If thermal effects are considered, the axial offset dCC will be modified during the calculation to take 

the different axial elongation of inner and outer ring into account. The results are the same as if using 

a single radial deep groove ball bearing with a configuration of two bearings. 

Radial cylindrical roller bearings  

The radial cylindrical roller bearing is a 

bearing providing a high load capacity 

for radial loads but it does not support 

high axial loads or misalignment of 

inner and outer ring. 

In addition to the parameters used for 

ball bearings the effective length of the 

roller Lwe is a required input parameter. 

The effective length is a little smaller 

than the length of the roller because of 

radii at the end of the roller. The 

contact angle is always zero for 

cylindrical roller bearings. 

The roller profile is considered as 

defined by ISO/TS 16281 as default. If the extended calculation for pressure distribution is selected 

an input of profile for races and roller is possible using the -button behind the roller effective 

length. Several options are available including reading the profile from a file. 

The axial load is considered as shown by (Harris, et al., 2007). The axial load brings a tilting moment 

to the roller and an unsymmetrical load distribution on the races occurs. The axial forces are 

considered at the half height of the shoulders. If 20% is entered for the height of the shoulder the 

axial force is acting at 10% of roller diameter.  

¢ƘŜ ǘȅǇŜ ƻŦ ŎȅƭƛƴŘǊƛŎŀƭ ǊƻƭƭŜǊ ōŜŀǊƛƴƎ b¦Σ bWΣ b¦t Χ 

can be selected in the options dialog of the bearing. 

For cylindrical roller bearings which support axial 

loads a radial and axial clearance can be specified. It 

is important to enter a value for axial clearance if 

tilting occurs. For NUP type the axial clearance has 

influence on the reaction moment. 

For NUP type the axial clearance is measured 

between left and right positions of the rings like for deep groove ball bearings. For directional 

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 axiŀƭ ƭƻŀŘǎ ƭƛƪŜ Ψb¦Ω ǘƘŜ ŀȄƛŀƭ ŘƛǎǇƭŀŎŜƳŜƴǘ ΨǳȄΩ Ƙŀǎ ǘƻ ōŜ ǎŜƭŜŎted as 

ƛƴǇǳǘ ƛƴǎǘŜŀŘ ƻŦ ΨCȄΩΦ 
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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 the extended 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 

be defined. Generally, the same 

results are obtained as if using a 

single row bearing with a 

bearing configuration of two 

rows; however, the results will 

differ if the configuration shows 

different positions of shoulders 

under axial load. An additional 

difference is the load capacity, which is shown for the double row bearing.  

The different bearing types can be selected in the options dialog as well. 

Needle bearings 

Needle bearings can be 

calculated using the selection 

Ψ/ȅƭƛƴŘǊƛŎŀƭ ǊƻƭƭŜǊ ōŜŀǊƛƴƎΩ ǘƻƻΦ 

¢ƘŜ ǘȅǇŜ ΨƴŜŜŘƭŜ ōŜŀǊƛƴƎΩ ǿŀǎ 

only added so the types can be 

separated in the database. 

Needle bearings do not support 

ŀȄƛŀƭ ŦƻǊŎŜǎΦ ¢ƘŜǊŜŦƻǊŜ ΨǳȄΩ Ƙŀǎ ǘƻ 

be selected as input instead of 

ΨCȄΩΦ ¢ƘŜ ŀȄƛŀƭ ŎƭŜŀǊŀƴŎŜ ƛǎ ƴƻǘ 

available as an input. 
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Axial cylindrical roller bearings  

Axial cylindrical roller bearings 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 dialog ( -button behind bearing 

type) allows to specify if the left or the right 

ǊƛƴƎ ǎƘŀƭƭ ōŜ ŎƻƴǎƛŘŜǊŜŘ ǘƘŜ άƛƴƴŜǊ ǊƛƴƎέ ƻƴ 

ǿƘƛŎƘ ƭƻŀŘƛƴƎ ŀǇǇƭƛŜǎΦ ¢ƘŜ ŘŜŦŀǳƭǘ ǎŜǘǘƛƴƎ ά[ŜŦǘ 

ǊƛƴƎ ƛǎ ŎƻƴǎƛŘŜǊŜŘ ŀǎ ƛƴƴŜǊ ǊƛƴƎέ ǊŜǎǳƭǘǎ ƛƴ ŀ 

positive axial load to be entered.  

An axial clearance can be entered; its only 

influence is an offset to the axial displacement. 

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 

diameter is given for the middle of the roller 

and also the pitch diameter Dpw is defined for 

the middle of the rollers. The clearance is 

defined as axial clearance. 

The contact angle should be the direction of 

the load. Therefore, the angle of the outer 

ring, the cup, has to be specified for the 

contact angle. The angles for the roller and 

the cone are then calculated so that all cones 

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 axial force large 

enough or to specify an axial displacement 

instead. 

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

type. 
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The diameter of the shoulder of the inner ring can be defined. The force is assumed to be at the 

medium height of the shoulder. 

The distance between center of 

bearing and center of roller Ψɻ /wΩ can 

be defined in two different ways by 

using the -button. It can be 

converted either from the distance to 

ǘƘŜ ŎŜƴǘŜǊ ƻŦ ǇǊŜǎǎǳǊŜ ΨŀΩ, or from the 

ƻǳǘŜǊ ǊŀŎŜ ǎƳŀƭƭ ƛƴǎƛŘŜ ŘƛŀƳŜǘŜǊ Ψ9Ω ōȅ 

setting the corresponding flag. Note 

ǘƘŀǘ ŎƘŀƴƎƛƴƎ Ψ9Ω ǿƛƭƭ ƛƴ turn modify 

Ψ5ǇǿΩ ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜƛǊ ƎŜƻƳŜǘǊƛŎ 

relations. 

Axial tapered roller bearing  

The inputs which define a tapered roller 

thrust bearing are a bit simpler than for 

the radial case of tapered roller bearings, 

since the distance between center of 

bearƛƴƎ ŀƴŘ ŎŜƴǘŜǊ ƻŦ ǊƻƭƭŜǊ Ψʵ/wΩ ƛǎ 

directly entered by the user. The 

clearance is also defined as axial 

clearance. 

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° in 

order to suit its axial load-carrying design.  

No radial forces can be accommodated, 

so the radial ŘƛǎǇƭŀŎŜƳŜƴǘǎ ΨǳȅΩ ŀƴŘ ΨǳȊΩ 

under loading have to be set to zero. 

The direction of contact angle can be 

defined using the -button behind 

contact angle or bearing type. 

The height of the shoulder of the inner 

diameter can be defined through the 

ŦŀŎǘƻǊ ΨŦ{ƛΩ ό҈ύ ƛƴ ǘŜǊƳǎ ƻŦ ǇŜǊŎŜƴǘŀƎŜ of 

the roller diameter. The force is assumed 

to be located at the medium height of the 

shoulder. 

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

As for 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 

measured from the center of the corresponding rollers has to be entered. The 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 bearing. As in the other bearing 

types, the clearance can be also defined as radial clearance. 

 

Barrel  roller bearings  

Barrel roller bearing are single row spherical 

roller bearings. As for double row spherical 

roller bearings the outer race is a sphere 

and the bearing does not support moment 

loads. Therefore, the tilting angle has to be 

defined instead of moment load. 

The radius of inner race, outer race and 

roller can be specified as ratio to the 

nominal diameter of the outer race: Ὠ

Ὀ Ὀ . Default parameters are: Ὢ

πȢυȠὪ πȢυȠὪ πȢτψυ. If the radius for 

the outer race is chosen differently, the 

bearing cannot rotate freely any more. 

The load capacity is calculated using bm=1 

as this seems to be the case in catalog data 

of major manufacturers. 
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Axial spherical roller bearing  

The pitch diameter Dpw is defined as intersection of contact angle a and axis of roller. Usual values for 

contact angle are 45° to 50°.

 

Radii of inner race and roller are defined by factors fi and fr like for the radial spherical roller 

bearings. They are defined as ri = fi*(2*r e) and rr=fr*(2*r e). Default values are fi = 0.5 and fr = 0.485. If 

the three radii ri, re, rr are entered using the -button behind fi, fr, the factors fi, fr and the pitch 

diameter Dpw are calculated. 

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

maximum roller diameter Dw. A sizing button is available to calculate dL so that the contact point is at 

the center of the roller. 

The load capacities are calculated using the roller diameter Dwe at the 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 only 

applied to the inner race. 

The radius of inner race, outer race 

and roller can be specified as ratio 

to the nominal diameter of the 

outer race: Ὠ Ὀ . 

Default parameters are: Ὢ

πȢυȠὪ πȢυȠὪ πȢτψυ. If the 

radius for the outer race is chosen 

differently, the bearing cannot 

rotate freely any more. 

Cross roller bearings  

Cross roller bearings have a contact 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 rollers. The length of the roller 

has to be smaller than its diameter. 

Angular roller bearings  

Angular roller bearings are similar to cross 

roller bearings, but all rollers are mounted 

in one direction. Therefore, the restriction 

on roller length does not apply anymore 

and the contact angle is available as input.  
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Approximation of bearing geometry  

If the inner bearing geometry is not available, it can be approximated by the software. Four 

possibilities are available: 

Enter outside geometry only  

In this 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 software. The load 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 the inner 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 this selection, you have to enter all the 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 calculated according to standards, 

it is possible to enter both: the inner geometry and the load capacities. The load capacities are then 

used for the calculation of life.  

Select bearing from database 

Instead of entering bearing geometry by the 

user, it can be selected from a database. 

Inner and outer diameter can be defined 

optionally. This restricts the number of 

bearings shown in the list. By clicking on the 

titles of the columns the data can be selected 

according to this column. 

Double clicking of a row reads in the bearing 

data and updates the values which are read 

from the database. 

The data of inner geometry of the bearings 

provided with the database are approximated from outer dimensions. Additional databases from 

bearing manufacturers are available. Catalog data with approximated inner geometry is available 

from SKF and included in the installation. Encrypted bearing databases including inner geometry are 

available from GMN and IBC, please contact the bearing manufacturer for these databases. 
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Load capacities 

Dependent on the setting for the approximation of bearing geometry, the load capacities can be an 

input or an output. If they are given by the user, 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 number is used for the calculation of bearing life. It is calculated according (ISO 

281, 2007) with factor fc according ( ISO/TR 1281-1, 2008). The factor bm can be influenced for filling 

slot bearings using the options dialog for the bearing type (-button behind bearing type). If the 

option for hybrid bearing is selected in the options dialog, the dynamic load capacity is calculated 

according to (ISO/DIS 20056-1, 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 according (ISO 76, 2006) and ( ISO/TR 10657, 1991). It is only for 

documentation and only used in the calculation of static safety factor if the static safety is not 

ŎŀƭŎǳƭŀǘŜŘ ōŀǎŜŘ ƻƴ ǎǘǊŜǎǎŜǎ όǎŜŜ ǎŜǘǘƛƴƎǎ ά/ŀƭŎǳƭŀǘŜ ǎǘŀǘƛŎ ǎŀŦŜǘȅ ŦŀŎǘƻǊ ōŀǎŜŘ ƻƴ ǎǘǊŜǎǎŜǎέύΦ Lǘ ƛǎ ŀƭǎƻ 

used in one case for track roller calculation, see that section for details. 

If the option for hybrid bearing is selected in the bearing options dialog, the static load capacity is 

calculated according to (ISO/DIS 20056-2, 2017), leading to larger static load capacities. Note that 

(ISO/DIS 20056-2, 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 bearings with low speed higher loads are permitted sometimes. For example, (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 is calculated according (ISO 281, 2007) section B.3.2.1.2 for ball bearings and 

according section B.3.2.1.3 for roller bearings. For roller bearings, the standard calculation according 

ISO/TS 16281 is used, not the extended method for pressure distribution. 

The fatigue load limit is based on fatigue 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 diameter, 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 these values could be set to zero. 
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Deformations of rings  

If deformations of outer and inner ring are, 

for instance, known by means of FE analyses, 

they can be entered into the software to 

evaluate their influence on bearing life and contact 

stress by clicking on the -button behind both 

diameter input fields.  

They are two possibilities. On one hand, with the 

option Ψtƻƛƴǘ ŘŀǘŀΩ, as many points of deformation 

as needed can be added to the the data table. Any 

point is positioned circumferentially by its angle and 

both the axial and radial deformation can be 

defined. Note that the deformations along the rings 

between any defined points will be linearly 

interpolated. On the other hand, there is an option 

to define the an approximate deformation curve by 

ΨCƻǳǊƛŜǊ ŎƻŜŦŦƛŎƛŜƴǘǎΩ as shown in the picture below. 

Addtionally, a whole table can be imported from a 

csv-file using the -button and any created table 

can be exported into a file using the -button.  

 

In the current version, the definition of deformation cannot be used together with track roller 

calculation with elastic outer 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 diameter. A warning is shown if the rolling elements overlap, 

the distance between rolling elements is 

available in the results overview and report. 

For cross roller bearings, this is the number of 

rollers for one row. 

Using the -button the number of rolling 

elements can be calculated automatically 
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based on a maximum fill angle and a minimum distance between the rolling elements. For deep 

groove ball bearing the fill angle would be 180-200°, the minimum distance can be based on 

requirements for the cage. 

This option is mainly thought to allow the variation of the rolling element diameter in the parameter 

variation with an automatic setting of the number of rolling elements. 

Diameter of rolling elements  

The diameter of the rolling elements is specified here. For taper roller bearings, the diameter in the 

middle of the roller is used. 

Calculation of basic geometry from damage frequencies  

Using the -button the number of rolling elements, roller diameter and contact angle can be 

calculated from given damage frequencies. This can be used if damage frequencies for a bearing are 

given and geometry data is missing. 

 

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 calculated by this 

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. 

For example, it is not valid for a needle bearing without inner ring. The mean value can be selected 

using the -button behind the input. 

Contact angle 

The contact angle has to be provided for angular contact bearings, four-point ball bearings, spherical 

ball bearings, taper roller bearings ad spherical roller bearings. For taper roller bearings, the cup 

angle is used since this is the direction of the force. Using the -button the direction of contact 

angle can be selected. 
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For double row angular contact bearings, the back-to-back arrangement has the larger width 

between the centers of pressure and it is also called O-configuration, while the face-to-face 

arrangement is the same as the X-configuration. 

Conformity of inner and outer ring  

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

geometric reasons the value has to be larger than 0.5. The values used for the calculation of tables in 

ISO 281 are fi=fe=0.52 for radial ball bearings and fi=fe=0.535 for thrust ball bearings as stated in ( 

ISO/TR 1281-1, 2008). 

According to (ISO/TS 16281, 2008) usual values are fi=0.52 and fe=0.53 for radial ball bearings and 

fi=fe=0.54 for thrust ball bearings. (ISO 76, 2006) also uses fi=fe=0.54 for thrust ball bearings. 

For spherical or barrel roller bearings values of fi= fe=0.5 should be used. Here the diameter of the 

outer race de is used as reference.  

According to (ISO 281, 2007) and (ISO 76, 2006) a larger conformity reduces the load capacity and 

ǘƘŜǊŜŦƻǊŜ ŀ ǊŜŘǳŎǘƛƻƴ ƻŦ ŦŎ ƛǎ ǊŜǉǳƛǊŜŘΣ ōǳǘ ŀ ǎƳŀƭƭŜǊ ŎƻƴŦƻǊƳƛǘȅ ŘƻŜǎ άƴƻǘ necessarily increase the 

load-ŎŀǊǊȅƛƴƎ ŀōƛƭƛǘȅέΦ ¢ƘŜǊŜŦƻǊŜΣ ǘƘŜ ǎƻŦǘǿŀǊŜ ŀƭƭƻǿǎ ǘƻ ŜƴǘŜǊ ŀ ƭƛƳƛǘ ŦƻǊ ǘƘŜ ŎƻƴŦƻǊƳƛǘȅ ǳǎŜŘ ŦƻǊ ǘƘe 

calculation of load capacity. See the -button behind the bearing type for ball bearings. 

For spherical ball bearings, the diameter of outer race de is used as reference for fe. So fe=0.5 should 

be used as default. 

Using the -button behind the input field, the conformity can be calculated from a given radius. 

Ensure that you input the correct roller and pitch diameter before. 

Conformity of roller  

For spherical or barrel roller bearings, the conformity of the roller has a usual value of fr=0.485. The 

diameter of the outer race de is used as reference, so r = fr*de. 

Distance between rows  

For double row bearings, the distance between rows is shown in the user interface. It is the axial 

distance between the centers of balls. For double row angular contact bearings, 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 

‏ Ὀ ϽÔÁÎ‌ 

Effective length  of roller  

The effective length of the roller is the 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 on page ΨDŜƴŜǊŀƭΩ 

the roller profile can be defined using the -button. 
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Defining roller profiles  

Profiles can be defined for inner race, outer race and roller. 

 

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 influence on the 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. Standard 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 be modified. The 

following formula is used:  
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For the roller a sizing button provides the default relief according ISO/TS 16281. The default 

relief of 0.00035*Dw for short cylindrical roller bearings corresponds to a contact stress of 

3000MPa. 

3. Modified logarithmic profile: 

The amount of relief is calculated according following formula derived from (Fujiwara, et al., 

2010): 
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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 =3000MPa and 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 generate the 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. The axial position is scaled with the roller length and 

the relief is scaled with the input for the profile relief. So a range from -1 to +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 for the inner race profile on the right: 

 

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 contact angle to the right 

the profile is mirrored. So mounting conditions do 

not influence the profile. 

6. User input: 

Instead of defining a file name the points for the 

profile can be defined in a table. Again as above 

use a range of -1 to +1 for the axial position and a 

value between 0 and 1 for the profile relief.  

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. 


