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1. Foreword
1.1 Aim of the tutorial

This starter tutorial for MESYS Rolling Bearing Calculation introduces the basic functions of the software and
provides an initial impression of the capabilities of computational bearing analysis. It deliberately covers only
those topics and settings that are necessary for getting started with the product and the associated exercises.

Please do not hesitate to contact MESYS if you have any questions when using the software.

1.2 Software Version
This tutorial was created with MESYS Rolling Bearing Analysis Version 12-2024.

1.3. Notes

‘ A blue arrow indicates a request to the reader.
‘ A green arrow indicates a conclusion or effect.

2. MESYS Rolling Bearing Analysis - strengths and possibilities
To get an idea of the possibilities of MESYS Rolling Bearing Analysis, we cordially invite you to visit the MESYS
website at the specific address for Rolling Bearing Analysis.

Please also consult the corresponding articles for Rolling Bearing Analysis under Home/Products/Catego-
ries/Rolling Bearings as shown in Fig. 1:

I I Iesv S Home  Services ~ Products ~ Download  Purchase Subscription  Contact ~ News v (O

Enginaering « Consulting » Software Bl AG

Rolling bearing analysis Categories

Bearings (24)

Gears (5)
The rolling bearing analysis software calculates the life of rolling bearings b
: . /s (4
according 1SO/TS 16281 considering the inner geometry of the bearing. & News (45)
Considering the load distribution within the bearing. dlearance and tilting angle 0 0’ Online calculations (5)

|
will affect the resulting bearing life. E I_ E Seminars (15)

Following bearing types are currently considered: Shafts (23)

« Radial deep groove ball bearings " “ Software releases (20)

Videos (6)

= Axial deep groove ball bearings

Figure 1
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3. Software Manual
3.1 Manual online
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Project name

Caleulation description |

Figure 2
File Calculstion Report  Graphics  Extras | Help
! z y T 31
=B $Ee |
About
General Bearing geometry Bearing configuration MatenaNgnd Lubrication Loading Track roller
m eSllJ S Rolling Bearing Calculation
ring Consultin AG
| 'S Manuz < > MESYS Calculation Software o x

g ¥ B
54
MESYS Website Download Contact ||

[ Calculate lubricant film thickness
Consider centrifugal force

O Consider temperature gradient in fits
O Oscillating bearing

Calculate required hardness depth

Use fatigue strength for hardness depth

Required subsurface safety

[ MESYS Rolling Bearing Calculation

® Input Parameters

& Thermal permissible speed

B Grease operating life

B Load rating diagram

8 Results

& Bibliography
B MESYS Ball Screw Calculation
B8 MESYS Hertz Calculation
B MESYS Axial-Radial-Rollerbearings
I MESYS Cylindrical Gear Pair
B MESYS Gear Positions

3

Settings Navigation: » No topics ohove this level « 0o 2 0 =
MESYS Rolling Bearing Calculationk Prev Top Next More
Reliability 5 MESYS Calculation Software This rolling bearing calculation (Version 06/2024) calculates the A
Limit for alSO alS0M load distribution, the reference life and the modified reference o
= General W life according ISO/TS 16281 (DIN 26281) for the following types
Frchion coetRcient " B MESYS Shaft Calculation 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

The Software Manual can be called up via the user interface by selecting the 'Help' menu under 'Manual F1':

You can also open the Software Manual locally at any time with position-specific content directly via your F1

keyboard.

3.2 Manual as PDF

You can also find the Software Manual in

I 4 [} = | MESYS 12-2024
. H . File Home Share View
PDF format in the main languages in the =
. llati di . di « © 4 | » ThisPC > LocalDisk(C:) > MESYS12-2024
MESYS installation directory (Fig. 3) or di- =T ~ R o
B ¥ Quick access . .
rectly on the MESYS website under 139 MesysHertzsd exe Applcation
, , I Desktop » %] MesysInterface3D64.dll Application exten...
Downloads/General downloads'. & Downlosds ¢ Mesyshranual exe Application
[ Documents B T MESYS-Manual.pdf PDF Document
=] Pictures * i MesysManual-DE.exe Application
Aktuelle Datendatei T MESYS-Manual-DE.pdf PDF Document
& MesysManual-JA.exe Application
Beginner =
# MESYS-Manual-JA.pdf PDF Document
Drafis & MesysManual-KO.exe Application
Import Geometry T MESYS-Manual-KO.pdf POF Document
B This pC {5 MesysRBCE4.exe Application

Figure 3

4. Calculation of rolling bearings
4.1 General

The MESYS Rolling Bearing Analysis software calculates the basic reference rating life and the modified reference
rating life according to 1ISO 16281, considering the load distribution, as well as the basic rating life and modified
rating life according to I1SO 281 for currently 31 rolling bearing designs.

‘ Please start the MESYS Rolling Bearing Analysis software.

4.2 Menu functions

Not all menus consist of self-explanatory content. This tutorial
will guide you through the relevant content and explanations as

File

Calculation Report  Graphics  Extras  Help

part of the tasks set and the input process.
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After starting the software, the user interface is presented in 6 tabs: 'General’, 'Bearing geometry', 'Bearing
configuration', '"Material and lubrication', 'Loading' and 'Track roller".

Figure 4
File Calculstion Report  Graphics  Extras  Help
| = H {} | 3 —
General Bearing geometry Bearing configuration Material and Lubrication Loading Track roller
m @ S l} S Rolling Bearing Calculation
eer AG
Project name |Starter Tutorial |
Calculation description |First Results |
Settings
Reliahility 5 90 % Calculation for medium clearance -
Limit for al50 al50Max Rolling element has maximum temperature ~
Friction coefficient n 0.1 First rolling element on y-axis ~
[ Calculate lubricant film thickness Gyroscopic moment 15 not considered v
Consider centrifugal force Rolling element set life is not calculated »
[[] Consider temperature gradient in fits Elastic ring expansion is not considered -

The 'General' tab offers you a wide range of possible settings. Due to the potential scope of this 'Starter Tutorial’,
it is not possible to go into all the functions of the software in detail. Please refer to the online Manual under
'Input Parameters' and the corresponding subchapters for further details.

We would like to transfer some calculation tasks to the software as part of an imaginary tutorial project.
‘ Choose a suitable name and description for the imaginary project as shown in Fig. 4.

Let's take a closer look at settings that are often used in practice using a common bearing type. Assume that the
standard default settings at the start of the programme are a good starting point for the step-by-step approach
to a standard rolling bearing calculation due to their widespread use.

4.3 Settings under 'General’

4.3.1 Overview

This tutorial provides a simplified overview of the settings listed under 'General', which are either used here or
important for comprehension. We will focus on the essential points and appreciate your understanding if we
only touch on some functions briefly and have to omit others.

‘ For the time being, leave all settings as they are by default when you start the programme.

4.3.2 Factor alSO
The factor alSO 'modifies' the

- Lirnit for alS0 150M 50
rating and reference life in e : =
such a way that a more realistic forecast for the actual service life of the rolling bearing is provided. A value of 1
corresponds to normal conditions, while values above 1 define favourable conditions. Formula 26 from ISO 281
defines the derivation of the bearing factor (f), fatigue limit load (Cu) and equivalent load (P) as follows:

ec Cy The factors eC (contamination) und k (viscosity ratio) take into account the contami-
P ’f] nation and the condition of the lubrication.

a|so Zf[

ISO 281 limits this factor to alSO < 50.
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4.3.3 Centrifugal force

Taking centrifugal force into account increases the load on the outer ring and
reduces the load on the inner ring. This leads to different pressure angles on the
inner and outer ring and therefore to an increased bore to roll ratio.

Consider centrifugal force

4.3.4 Temperature gradient in fits

If the 'Consider temperature gradient in fits' option is activated, shaft
and housing temperatures can be entered in addition to inner and
outer ring temperatures. This is necessary if temperature gradients are to be taken into account. See also chap-
ter5.2.6.

[] Consider temperature gradient in fits

4.3.5 Selection for clearance

Either the minimum, minimum probable, medium, maximum probable,
maximum or user-defined value from the underlying fit and nominal clear-
ance tolerance spectrum can be used for the calculation.

Calculation for medium clearance

4.3.6 Rolling element temperature

The rolling element temperature influences the resulting operating
clearance. This can be set to ring temperature, averaged ring tem-
perature or a temperature assigned by your own input.

Relling element has maximum temperature

4.3.7 Elastic ring expansion

The expansion or shrinkage of bearing rings that occurs under realistic
consideration, such as from axial preload, influences the resulting
preload or the interference in fits. These important influences can be numerically approximated by activating
'Elastic expansion of the rings' in the calculation. See also chapter 5.2.5.

Further information on elastic expansion can be found in the Manual.

Elastic ring expansicn is not considered

4.3.8 Load spectrum

||:| Use load spectrum Another method of analysing the application behaviour is to consider different condi-
tions or load states. If the checkbox for 'Use load spectrum' is activated, the input

screen under the 'Load' tab is displayed as an input table. See also chapter 5.4.3.

4.3.9 Modified life
If this flag is set, the modified life is calculated for ISO 281 and ISO 16281. This re- Calculate modified life
quires information about the lubrication concept and potential contamination.

MESYS AG RBC Starter Basics 5/24


https://www.mesys.ch/manual/elastic_ring_expansion.html?q=elastische+aufweitung

mes

Engineering Consulting Software

AGS

4.4 Bearing geometry

4.4.1 Overveiw
The current version of the MESYS

Rolling Bearing Analysis provides 31
rolling bearing designs for calcula-
tion, including subtypes. Under the
'Bearing geometry' tab (Fig. 5), the
required bearing type can be prese-
lected using the drop-down menu.
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General Bearing geometry

Bearing configuration

Material and Lubrication Loading

Deep groove ball bearing

Y[=]

Deep groove ball bearing

Deep groove ball bearing (double row)
Axial deep groove ball bearing

Angular contact ball bearing

Angular contact ball bearing (double row)
Axial angular contact ball bearing

Axial angular contact ball bearing (double row)
Four point ball bearing (radial)

Four point ball bearing (axial)

Three point ball bearing (split inner ring)
Three point ball bearing (split cuter ring)
Self aligning ball bearing (single row)

Self aligning ball bearing (double row)
Duplex bearings

= Figure 5

12 Options for selected bearing type X

] Bearing has filling slot

O Bearing inner ring is shaft

O Bearing outer ring is housing

[ Use ring diameter for equivalent cross section for calculation of fits
Calculate load capacity for hybrid bearings automatically

[ calculate load capacity for hybrid bearings

Numerous other settings can be
made using the '« 2 ' - button (Fig. 5).
However, we would like to explain
these in more detail in further docu-
ments.

mmm) Please leave the default
settings as they are.

Cylindrical roller bearing
Cylindrical roller bearing (do
Needle bearing

Axial cylindrical roller bearin
Axial cylindrical roller bearin
Tapered roller bearing
Tapered roller bearing (doub
Axial tapered roller bearing
Barrel roller bearing
Toroidal roller bearing

uble row) [] Calculate ¥/¥Y-factors based on free contact angle

g Permissible ellipse length ratic L

g (double row) MPa

Lower stress limit for truncation pmin{eLlR) |1

le row) [ uselso conformity in case of small conformity

Limit for conformity for dynamic load rating f_limCr [0.515

Limit for conformity for static load rating f_limCor |0.515

Angular roller bearing (axial)

1= Spherical roller bearing Tolerance for conformity inner race Afi
Half radial spherical roller bearing
Axial spherical roller bearing Tolerance for conformity outer race e
Cross roller bearing (radial) Friction coefficient for fitting pfit |01
L Cross roller bearing (axial) ) =
Angular roller bearing (radial) Reduction of load rating because of hardness according to Harris ~

A L1

Cancel

On the right-hand side, we can select the input mode for the type of rolling bearing via dropdown. There are 5

available here (Figure 6):

File Calculstion Report Graphics Extras  Help
=N -g EY-
General Bearing geometry Bearing configuration Material and Lubrication Loading Track roller
Deep groove ball bearing w | | o | | Enter outside geometry only v
nrer dizmiter d ID—I mm E::::E:j: 3:?2 ::tliyload capacity
Outer diameter D o | mm | 4 | |Enter ?nner geometry .
§ Enter inner geometry and load capacity
Width B 0 mm Select bearing from database
Number of ralling elements z o Bearing clearance User input as operating clearance v
Diameter of rolling elements Dw |0 mm Diametral clearance Pd |0 mm pES
Pitch diameter Dpw lo mm
Conformity inner ring fi 0.52
Conformity outer ring fe 052
Shoulder diameter inner ring dsi |0 mm |5
Shoulder diameter outer ring dse |0 mm | &
Figure 6
4.4.2 Enter outside geometry only
Only the external dimensions of a bearing are available for its definition via this modality.
General Bearing geometry Bearing configuration Material and Lubrication Loading Track roller
Deep groove ball bearing ~| |11 | Enter outside geometry on!y_ ~
Inner diameter d |[) mm | Dynamic load rating g- Cr I:I kM
Otker diamster D [0 |mm [ Stticloadrating . cor [o kN
Wit 8 b Jmm Fatigue load limit cwr o N

This can be the choice if the internal geometry and load ratings are not known.
The software calculates these after the first calculation command on the basis
of generic internal geometry and in accordance with ISO 281 and I1SO 76 (Fig. 7).

MESYS AG
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Localised deformations can be assigned to
the tracks using the ' =2 ' - button (Fig. 8).

Inner diameter d

Outer diameter

However, we would like to explain this spe-
i Define deformations of inner ring X . . . o s

cific option in more detail in further docu-
(® Deformation of raceway () Gap width between ring and shaft ments.
Type of input Point data v
W] u_r[mm] ux[mm] n[mrad] $

=
Figure 8

4.4.3 Enter outside geometry and load capacity

In addition, the fields for dynamic load rating, static load rating and fatigue limit load can also be labelled with
this modality (Fig. 9).

If the load ratings are not known, the fields can also be left blank. The software calculates these according to
the calculation command on the basis of generic internal geometry and in accordance with ISO 281 or ISO 76.

General Bearing geometry Bearing configuration Material and Lubrication Loading Track roller

Deep groove ball bearing

« | | 5| | Enter outside geometry and load capacity

w

Inner diameter d an mm |0 Dynamic load rating Cr |25735 kM
. Static load ratin q COr |15.9028 lN
Outer diameter D (80 mm ) 9 =
u ____‘w-'
Width B 23 TR Fatigue load limit Cur |0.828735 kN
Figure 9

4.4.4 Enter inner geometry

4.4.4.1 General

The substantial values that define the internal geometry can be entered in the corresponding fields using this
mode (Fig. 10).

The load ratings are calculated and entered after the first calculation command on the basis of the values en-
tered for the internal geometry and in accordance with I1SO 281 and ISO 76.

General Bearing geometry Bearing configuration Material and Lubrication Loading Track roller

Detp Groave ball bearnng | [ [ Enterinner geometry. 7
b d [© ] mm ] Dynamicloadrating o [5735 |
o D [0 | mm [1s] Staticload ating cor [15%08 | N
Width B —— Fatigue load limit Cur @ (4]
Number of rolling slements 7 ’D—| | Bearing clearance User input as operating clearance
Diameter of rolling elements Dw [111125 | mm || Diametral clearance Pa o [ e [
Pitch diameter Dpw[e0 | mm

Conformity inner ring i [os2 | =

Conformity outer ring fe |0.52 =]

Figure 10
4.4.4.2 Number of rolling elements

Niimitiey of roling lements z [ | & The number of rolling elements Z can be calculated au-
Dismeter of rolling { (5 Enter parameters % | tomatically via the ' 2" - button on the right based on
Pichdiometer | 1L b of rling lements a maximum fi!ling angle and a minimum distance k'Je-
Conformity inner i ypacimum fil ange |- t\A{een th.e.rollm.g eIerpents. We would like to deal with
Conformityouter | Wiimarn distance between rfing elements 8REmin[1 ] mm this specific option (Fig. 11) in further documents.
Shoulder diameter i Cahedl Figure 11

4.4.4.3 Diameter of rolling elements
For tapered roller bearings, the diameter of the roller centre is used as input if this is known.

MESYS AG RBC Starter Basics 7/24
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Pitch diameter

Contact angle

Diameter of rolling elements

=]
-]

it

Dpw |0

a

3
3

|

'
Rt

Conformity inner ring
Conformity outer ring
Shoulder diameter inn

Shoulder diameter out

esult overview

f\E‘ﬂ Calculate Z, Dw from frequencies ‘ *
Speed of inner ring ni rpm
Speed of outer ring ne ICI rpm
Pitch diameter Dpw mm
Damage frequency for inner race fip 1/s
Damage frequency for outer race fep 1/s
Damage frequency for rolling element frp 1/s
MNumber of rolling elements z IC'
Roller diameter Dw I:l mm
Mominal contact angle a

@

oK

” Calculate r Cancel

The'="-button opens the dialogue to
calculate the number of rolling ele-
ments, the diameter of the roller and
the contact angle from the specified
damage frequencies. This can be used if
damage frequencies are specified for a
bearing but geometry data is missing
(Fig. 12).

z

o [wm -

‘ Please go to a manufacturer's prod-

uct page

and load the product data

for an angular contact ball bearing
7208 with suffix 'B' Alternatively, use
the data from Fig. 13.

here.

Figure 13 (Source: Schaeffler Medias)

Search for the basic frequencies

‘ ¥ Basic frequencies (PDF)

=

Figure 14 (Source: Schaeffler Medias)

Figure 12
PRODUCT INFORMATION TECHNICAL INFORMATION CALCULATIONS
Display units
a
@® Metric Imperial
' vz

Lﬁ o i Main Dimensions & Performance Data
AR r

d 40 mm Bore diameter

D 80 mm Outside diameter

D|Dy i B 18 mm Width

(@3 36.000 N Basic dynamic load rating, radial
k\\\\\\\§ Cor 23500 N Basic static load rating, radial
B A
i ]
K H
% < (o 1.630 N Fatigue load limit, radial
ot o 2

ng 11.900 1/min Limiting speed

ngr 8.600 1/min Reference speed

0,367 kg Weight

Designation
Basic frequency factors related to 1/s

Overrolling frequency factor on outer ring
Overrolling frequency factor on inner ring
Overrolling frequency factor on rolling element
Ring pass frequency factor on rolling element
Speed factor of rolling element set for rotating inner ring FTFF_i
Speed factor of rolling element set for rotating outer ring FTFF_o

7208-B-XL-TVP

BPFFO 59359
BPFFI 8,0641
BSFF 24615
RPFFB 4,9230
0,4240
0,5760

Go to the Bearing geometry tab and transfer the data under 'Enter inner geometry'. Open the dialogue

for 'Diameter of rolling elements' using the ' == ' - button (Fig. 12).

=

ing the damage frequencies.

Enter the basic frequencies as shown in Fig. 14 and start the calculation via the open dialogue for enter-

‘ Please check the results Z / Dw / a via Comparison using Fig. 12

4.4.4.4 Pitch diameter
The pitch circle diameter is the diameter between the centres of the rolling elements. If this value is not known,
the mean diameter of the inner and outer bearing diameter can also be used as an approximation.

MESYS AG

RBC Starter Basics
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4.4.4.5 Contact angle

The contact angle must be specified for
angular contact ball bearings, four point
contact ball bearings, self-aligning ball
bearings, tapered roller bearings and
spherical roller bearings.

For tapered roller bearings, the angle on

info@mesys.ch
T: +41 44 455 68 00

Contact angle
Conformity inner ring
Conformity outer nng

Shoulder diameter inner ring

o 0 ® Ta

[&}\ Direction of contact angle >

Direction of contact angle | left

Cancel

the outer ring is used as this is the direction of the force.

%) i
The direction of the contact angle can be selected using t P T\
the "> - button Contact angle left L~ N
' [N /
LN /
‘ Please round the pressure angle calculated under 4.4.4.3 to 40° and set F’\\ 7%
it to one position to the left for a subsequent axial load in the x-positive ~<] =5
direction. Figure 15
4.4.4.6 Conformity
The conformlt.y is the ratio be- Cantanis e i T | =
tween the radius of curvature of
a bearing ring and the ball diam- | Cenformity outer ring fe |D.52 | =
eter. For geometrical reasons, B Enter radii for races %

the value must be greater than
0.5. For further information re-
lated to relevant standards,
please refer to the correspond-
ing chapter of the Manual.

AN\

-
Radius outer race re 619117 mm
Cancel

Radius inner race ni

Figure 16

The conformity can be entered directly (Fig. 16) or alternatively via the relevant radii by opening the correspond-

ing dialogue using the '==" - button.

‘ Please enter fi / fe = 0.52 for the conformity.

4.4.4.7 Shoulder diameter inner & outer ring
To monitor the current state of the contact ellipse and any expansion beyond the shoulder, it is continuously
evaluated. The required shoulder diameter can be displayed in the results overview and in the main protocol
together with an length ratio eLR_i, eLR_e, which represents a certainty regarding the minimum shoulder length.

The length ratio is defined as the length from the lower end of the contact ellipse
to the shoulder (the green line in the diagram) divided by the length of the con-
tact ellipse (red line in the diagram in Fig. 17). The value should therefore be

greater than 1 or 100%.

Shoulder diameter inner ring

Shoulder diameter outer ring

dsi [o mm [EE]

esult overview

5} Enter Factor for shoulder diameter *

Enter Factor for shoulder diameter

Factor shoulder diameter inner ning 51 30

Factor shoulder diameter outer ring fSe |30

Cancel

%
%

Figure 18

Instead of using

value dSi / dSe,
the shoulder height can also be defined as a per-
centage of the ball diameter (Figure 18). A factor
of 50% would mean a shoulder up to the pitch
circle diameter, so that the factor should be be-

absolute Figure 17

tween 10% and 40% for most bearing types. The use of this factor allows a standard geometry when changing
the ball diameter or pitch. Please refer to the Manual for more detailed information.

MESYS AG

RBC Starter Basics
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4.4.5 Enter inner geometry and load capacity

Since bearing manufacturers often use

|Enter inner geometry and load capacity ~
hnger load r:atmgs(;chadn those caICL;)IIated AC |5y namic load rating o .
cording to the standards, it is possible to en- _ _

Static load rati COr |23.5 kM
ter the load ratings in addition to the internal a_lc e _mg_ r
geometry. The load ratings are then used to | -r2ue!o2dmtt Cur 158 N

. . Figure 19

calculate the rating life.
‘ Please transfer the load ratings of the imaginary manufacturer and start the calculation. -ﬁ

‘ Observe the changes in the Result overview at the bottom of the user interface.

Result overview =

Maxirnal pressure pmax MPa Static safety factor SF Static safety factor (150 17956) S0eff (99.99
Reference load Pref I:I M Viscosity ratic K I:I Free contact angle ]
Effective diametral clearance Pdeff mm Effective axial clearance Paef ICI mm Maximum spin to roll ratic maxSpinToRol
Maxirnum contact angle difference Ao I:I =

Il

Figure 20
‘ A service life is only issued here once a speed has been assigned.
4.4.6 Select bearing from database
Instead of the rolling bear- =
. . Angular contact ball bearing wv| | Re |Séed bearing from database
ing geometry being en-
. i 1| [¢] Dynamic load ratin
tered by the user, it canbe | """ #meter d [0 mm [G] @0y i
selected from a database | Outer diameter D |80 | mm G| i Static load rating
(Fig. 21). Inside and out- Manufacturer name i [men| De fmmi | B [mm] | alpha 71| € [N | | Fatigue Joad fimit
side diameters can be op- | |fac 7208-B-XL-2RS-TVP-L038 40 80 18 40 35 ||| Bearing clearance
tionally defined. This lim- | |_,; S —— - - o - 3 o | sl clearance
its the number of bearings )
; . . INSK 7208C 40 80 18 15 65 :
displayed in the list.
MSK T2DEBEATES 40 80 18 40 385 :
MSK T208BW 40 BD 18 40 32 A Figure 21

‘ By clicking on the column designation, the data can be displayed in ascending or descending order ac-
cording to this column.

General Bearing geometry Bearing configuration Material and Lubrication Loading Track roller
Angular contact ball bearing w| |57 | | Select bearing from database %
Inner diameter d mm | by Dynamic load rating Cr |36 5]
Outer diameter D mm 3 Static load rating COr (235 ke
Manufacturer name di [mm] De [mm] B [mm] alpha[F] C[kN] * Fatigue load fimit Cur L W
SKF *7208 BEGAP 40 20 18 AD 6.5 . Bearing clearance User input as operating clearance ~
SKF *7208 BECBY 40 80 18 40 365 i | Awialclearance P fum [E
SKF *7208 BECBP a0 BD 18 40 36.5 :
mr sl B e & bt Sl 2 Fl!ter a generic angular contact ball bearing
— withd=70mm, D=80mm, B=18 mm, and
SKF *7208 BECBJ 40 B0 18 40 36.5 : o ) .
i o =40°, then double-click on it. Once the se-
SKF 7208 BE-2RZP 40 80 18 40 345 ‘ ) .
i lection has been made, the underlying con-
SKF 7208 ACCBM 40 80 18 25 415 tact | b . db itchi 0l
acClt angle can be viewe switcning to In-
e R L by swiching
S R — T put of external geometry’, for instance.
L4 >

Figure 22
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4.4.7 Bearing clearance
4.4.7.1. General

The bearing clearance can be set automatically
in accordance with (1ISO 5753, 2009) (C2...C5) for
deep groove ball bearings, four point contact |~ " % Bearing with contact angle
bearings, self-aligning ball bearings, spherical
roller bearings and cylindrical roller bearings.
There are also the settings 'From database’, 'User input as operating clearance' and 'User input' / as range.

Figure 23

Bearing clearance User input as operating clearance ~

From database

User input as operating clearance

User input

User input as range

Depending on the bearing design, i.e. whether it |Bearing clearance User input as range v| |
is a pure radial bearing, bearing with contact an- | bismetral ciearance Pd [022284 |mm
gle or pure thrust bearing, the software lists the | Bearing tolerance ISO 492 - PO v
corresponding input fields. Figure 24

Due to the potential scope of this starter tutorial, it is not feasible to cover all types and their corresponding
input fields in detail. For further details, please refer to the relevant chapter in the Software Manual.

4.4.7.2 User input

Figure 25
This setting allows the bearing clearance to [__ .
earing clearance User input ~
be entered before installation (Fig. 25). The
( g ) Axial clearance Pa I:I pm =

effects of temperature or interference in
fits are also taken into account. This is the recommended setting if, for example, you want to analyse the change
in clearance in the application condition under consideration.

) ) Figure 26
4.4.7.3 Calculation of axial clearance : -
Bearing clearance User input v
In the case of an axial clearance setting, such -
. . . . & Axial clearance Pa |D urm
as for radial rolling bearings with a contact
. . . ' % - =
ang|e (Flgure 26), an effective bearmg Bearing tolerance 5 Calculation of Axial clearance Pa X
i Fit to shaft =
clearance can be calculated, entering a o sha Mounted scial clesrance  Pam |-0.00717004 | mm O
nominal, unmounted, mounted or effective — e
! . ! . . i ddmioiat Effective axial clearance Paeff |—D.0071?0D4 | mm ()
preload force, which can be assigned via the | g ¢ inner diameter =
'=="- button in the dialogue ik Pl NGO
Fit to housing Unmounted pretension force Fpu |0 N O
There are several options for entering the |Surface roughness housing Mounted pretensionforce  Fpm [04153 [N O
preload force: Housing outer diameter Effective pretension force  FpEFf 941,533 N
— The calculation with 'Fp' uses the preload
" Fo P
value of the bearings declared by the
manufacturer.

— The calculation with 'Fpu' uses the preload value of the bearings declared by the manufacturer together with
an unlimited radial elastic expansion. This option can be used if the manufacturer determines the preload
axial displacement, using the preload value corresponding to the measured loads.

— Theassembled preload force 'Fpm' is calculated with preload values after assembly, but without temperature
and speed effects.

— The effective preload force 'FpEff' is calculated using the preload values after assembly and taking
temperature and speed into account.

Please note:

‘ It may be necessary to clarify with the manufacturer how the preload axial displacement (axial play,
Pa) is determined for the declared preload force. This allows the correct type of axial clearance calcu-
lation to be selected.

When defining bearing clearance for pure radial bearings, a dialogue with the input fields corresponding to the
bearing type is opened at this point.
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4.4.7.4 Preload classes for radial angular contact ball bearings

Figure 27

For radial angular contact ball bear-
ings, a preload class can be defined
from the bearing database, provided
that this information has been trans-

Bearing clearance

Axial clearance

Bearing tolerance

User input ~

Light preload
Medium preload

Heavy preload

ferred (Fig. 27). For GMN products, for instance, additional selections are available, such as 'Light preload force',

'Medium preload force' and 'Heavy preload force'.

' H 1
Please select ' User input’ for | guing clearance

User input

'Bearing clearance'.

‘ In the context of our example, we would like to assume, that the resulting preload-displacements
(Pa) of the imaginary manufacturer, originate from declared preload-corresponding measuring loads.
( X @3 Bare | Axial internal clearance or preload Preload force
— Axial internal clearance,  code | of bearing pair
8 preload and preload force Nominal dimension A
IS of bearing sets with universal um N
: bearings In O or X arrangement
- X for tolerance classes Normal, 6, 5 UA UB UD UL UL
= g UA = bearing with small axial BearineSeves
3 internal clearance 70.-B,72.-B, 70.-B ¥2.-B 73.-B 74.-B|70.-B |[F2..B 73.-B 74.-B|
2 UB = bearing with smaller axial 73.-B, 74.-B
] internal clearance than UA o0 22 1148 |0 |- T = r 18 |— _
< UQ = bearing clearance-free _ S o _ . _
ufn in @ or X arrangement b 2 |15 |8 s 5 53 62
- UL = bearing with light preload 02 24 115 |0 |- —4 2 L 62 9% |-
03 24 (15 |0 |- 4 | 6 |- - 77| 123 |-
‘ Assign the 7208B a preload according |os |28 16 0 -& x5 | & -8 |03 103 146 258
to the UL class given by an imaginary |05 |34 19 0 -4 -4 | -6 -8 115 112 200 300
manufacturer. 06 34 19 0 -5 5 | 7 -8 |im 157 | 250 365
o7 (a0 22 [0 -5 - | -7 -9 |12 208 300 462
Figure 29 | (Source Schaeffler, HR1) 08 J40 22 0 |-5 -6 )-8 -10 [200 246 385 535
. Beari I u -
It can be seen from the catalogue data (Fig. 29) that | """ o
. . Axial cl P -3.03731 =
such an unmounted preload in a duplex set inthe O or |7 ™" = b
oy . . . Bearing tol ' H -
X position of aforementioned dimension and contact | %8 Calculsion of Axislclecfonce Pe .
angle, corresponds to a preload displacement (Pa) of 6 Mounted axial clearance | Pam [-000303731 | mm O
p_m_ Effective axial clearance Paeff |-0.00303731 | mm O
Pretension force w fp [Z72233 N O

The software gives a displacement Pa for 246 N preload
unmounted, corresponding to the effect on the individ-
ual bearing, in the magnitude of (preload displacement
duplex = -6 um) / 2 = -3 um (Fig. 30).

Unmounted pretension force Fpu
Mounted pretension force  Fpm (272233
Effective pretension force  FpEff (272233

N ®
N O
N O

Cancel

Figure 30
4.4.8 Bearing tolerance
4.4.8.1 General
Bearing tolerance 150 492 - PO || 150 492 - PO ~
Mot idered ~
Nominal dimensions =
Surface roughness shaft Define interference Rz Hm
Define multi-layer interference
Shaft inner diameter User input dsi I:I mm
150 492 - P&
Surface roughness housing 150 482 - P5 Rz Hm
. . 150 492 - P4
H ter diamet
ousing outer diameter 150 492 - P2 v dhe I:I mm

Figure 31

MESYS AG

The bearing tolerance can be
taken into account in accord-
ance with ISO 492 (PO...P2). The
other input fields in this area
make it possible to describe the
interfaces to the rolling bear-
ing, such as fit, roughness and
condition of the shaft (inside di-

ameter) and housing (outside diameter) (Fig. 31).
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In addition to the possible settings via tolerance classes from ISO 492, 'Not considered' can be selected, whereby
the bearing is only exposed to the temperatures for the calculation. With 'Nominal dimension', it is assumed
that there is no tolerance range.

Additional information on bearing tolerances can be found in the Software Manual.

‘ In addition to the bearing tolerance, the definition of the bearing clearance / preload (4.4.7) described
in the previous chapter, the effect of the speed and temperatures to be entered subsequently and any
expansion of the rings due to stress (5.2.4) are also important input variables for evaluating the reaction
of a rolling bearing. The sum of the effects flows into the calculation of the actual interferences on the
bearing rings and thus into the 'Tolerances protocol'. More on this in chapter 4.4.8.7.

4.4.8.2 Define interference

If it is not clear which fit should be selected due to | guying tolerance e Z
. . e ] H H !
application conditions, the 'Define interference’ | ¢ coceshattinner ring wi 55 plwm [E]
setting can be extremely helpful. This allows you e i :
- . . Shaft inner diameter —| mm
to define a cold interference for a target interfer- _ _ .
. . Interference housing outer ring J pm =
ence in an operating state.
P g Housing outer diameter dhe | mm
mmm) Please assign a hollow shaft (dsi) of 10 ) Goleubnz iesterence %
mm, an outer diameter for the housing S GE iR ni [sood] | pm
(dhe) of 100 mm and a clearance on the Effective interference shaft - innerring IwiCp |5 ||.|m
housing outer ring of 3 pm as shown in the
. & . & H Figure 32 Canel
picture on the right.

‘ The dialogues open via the '==' - button. Please enter a speed of 8000 rpm and a target interference of
5 um inside (Fig. 32).

‘ A dynamic interference of 5.5028 um is calculated for our current state under an unmounted preload of
246 N, at a speed of 8000 rpm and actual static interference of 5 um inside and -3 um outside! A speed
effect can be read from this.

In Chapter 5 'Application design', we then want to check whether the specified interference have been calcu-
lated correctly under the specified conditions. So before we switch to a standard ISO fit, assign a roughness and
assume temperatures, we should not bring all influencing inputs into play for the time being.

4.4.8.3 Calculation step under speed
Let us now describe the input fields in the 'Loading' tab in advance according to our example.

General Bearing geometry Bearing configuration Material and Lubrication Loading Track roller

Axial load Fx  [991.504 N O Displacement ux |0 pm
‘ Speed inner ring ni (8000 rpm Inner ring rotates to load ‘
Figure 33

‘ Please set the axial bearing displacement ux to 0 (Fig. 33). Please take note of the specific content of the
'Loading' tab in chapter 4.7.2 for a corresponding understanding.

‘ Please assign the bearing a speed of 8000 rpm and specify 'Inner ring rotates to load'. The software then
assumes a stationary load on a rotating inner ring (Fig. 33).
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4.4.8.4 Ongoing results

Figure 34

The calculation step is started via the 'Calculate' item (Fig. 34),
via F5 or then via the corresponding icon under the menu rib-
bon.

9* File

Calculation

Caleulate

Report  Graphics

Extraz  He

F5

e [ Thermal permissible speed
E
The Thermal reference speed in accordance with (1ISO 15312, 2018) Setinee opciatingife
.. . . Wheel bearin
and the Thermal permissible speed in accordance with (DIN 732, ¢ i v djq
. . oad rating diagram
2010) can be calculated by the software. We would like to explain == LA
Import load distribution
these topics more closely in subsequent publications. Rl Eararsetervasidtion
. X . . X I Parameter variation (statistical)
The Grease operating life (Fig. 35) can be determined using the FAG - L parameter varition (optimization
calculation method and output via the report.
(% Define load rating di X B
) ine load rating diagram . .
The Load rating diagram i catent -
X X T . alculate grease operating life
Points per finc |20 (Figure 36) generates the =
. Factor for bearin e I 1.6
Tolerance L1 = representation of four e :
(O Calculate moment load Mz over axial load Fx possible diagrams in Factor for environment KU |1 |
(O Caleulate axial load Fx over moment load 4 — WhICh the var- Grease temperature limit Tlimit o€
O Calculate radial load Fy over axial load Fx 1;,3533 iables Of the oK Cancel
(®) Calculate axial load Fx over radial load Fy 5 0w
- £ ow XY axes are Figure 35
_ 3 o compared with each other.
1 Static safety factor (IS0 17956) (S0eff) [-] | € 30000
20000
2 Maximal pressure (pmax) [MPa] WDDDE‘
3 Basic ref ting life (L10r) [-] L
asIC reference rating e T, 1750 2e+06
4| Basic reference rating life (L10rh) [h] | bow Radial load Fy M0 -
- 1700 Fles06 =
Static safety factor...O 17958) (S0eff) [-] = £
Static safety factor (5F) -] = e Lsoooon £
L | Maximal pressure (prmax) [MPa] g 1600 =
Basic reference rating life (L10r) [-] 7 g E
Rei i i T (ORI e ot Figure 36 2 55 | 200000 é
% 1500 ‘;
= T 100000 “_é
. . . 1450 o
Parameter variation (Fig. 37) allows the user to carry oo =
. . . 1400
out parameter studies, the results of which are dis- — ey ™y
) . L 2 T o o2 Z 5 3 B 5 & 5 &
played in tables and graphs. Typical applications are, g 2 2 2 3= 82 2 2 8 2
for example, the visualisation of service life over clear-
ance or displacements over load. See chapter 5.4.4. Nominal axial clearance [mm] Figure 37

Parameter variation (statistical) supports the analysis of statistical distributions.

5

mmm) Please activate the calculation process.

‘ This gives us an axial load Fx of 991,504 N (Fig. 38), which results from the unmounted preload of 246 N

and the current fit.

General Bearing geometry Bearing configuration Material and Lubrication Loading Track roller

Axial load Fx N O Displacement ux D pm

Radial load Fy I:I N @ Displacement uy I:I mm O

Radial load Fz I:I N @ Displacement uz I:I mm O

Moment My I:I Nm ) Rotation angle ry I:I mrad @

Moment Mz I:I Nm (O Rotation angle rz I:I mrad @

Speed inner ring ni pm Inner ring rotates to load

Speed outer ring ne I:I rpm [ Outer ring rotates to load

Temperature inner ring Ti *C Temperature cuter ring Te “C

Figure 38
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Figure 39

The software can be operated in 9 languages and in both met- | 5. iicuiation Report Graphics | Extras | Help

ric and US unit systems. = B g 5] @ Longuege »
In addition to the links to material, lubricant, rolling bearing, = Unit system y
tolerance, manufacturer and gear tool databases, an import General  Bearinggeometry  Bea [ Database ’
from an existing database or an encrypted export of data can &) Result overview
also be initiated here. Axialload & Settings

The content of the Results overview window at the bottom of Radial load License

the user interface (see 4.4.8.6 below) can be edited via 'Re- Radial load Tools v

sults overview'.

You will also find licence information and additional 'Tools' such as 'Multi-layer interference fit', which is also

available onlinel.

4.4.8.6 Actual Result overview
The content in the results overview at the bottom of the user interface (Fig. 40), which is not yet relevant for
our sample calculation, appears as follows:

Ellipse length ratic inner race

Maxirmum spin to rell ratic maxSpinToR: (0.291228

elR.i %

Extension contact ellipse outer ring dCen |68.0584 | mm

Result overview =
Medified reference rating life  Lnmrh [2439e+07 | b Maximal pressure pmax MPa Static safety factor SF
Static safety factor (IS0 17056)  SOeff Reference load Pref N Viscosity ratio .

Free contact angle al _ = Effective diametral clearance Pdeff m mm Effective axial clearance Paeff mm

Maximum contact angle difference Ao | 7.49616 | © L10r (234785
Ellipse length ratic outer race elR_e |2536.701 %  Extension contact ellipse innerring dCirr |33.0167 | mm

Basic reference rating life

Figure 40
4.4.8.7 Tolerance report File Calculation | Report | Graphics Extras  Help
Using the 'Tolerance report' (Fig. 41), we would like to check in the cur- e [ 5 Showreport F6
rent state of the file whether our target interference from chapter = Print report

. G | Beari
4.4.8.2 have arrived correctly. soe L EE Severeportas
i2é Report options
Axial load
Report templates 2
mmm) Please print the Tolerances report and check the details such as jidinl loed Save report in language  #
diameter and speed in the report preamble for correctness. Radial load e e ,
Moment
Figure 41 Mament Result tables
Table 1
Properties for different clearance Minimum Mean value Maximum Unit
Nominal axial clearance Pa -3.04 -3.04 -3.04 um
Interference inner ring Iw_i 5.50 5.50 5.50 um
Effective interference inner ring lw_iop 5.00 5.00 5.00 pm
Interference outer ring lw_e -3.00 -3.00 -3.00 pm
Effective interference outer ring lw_eop -3.00 -3.00 -3.00 pum

‘ The target interference (Iw_iop) has arrived exactly (Table 1). The cold interference of 5.5 (5.5028) um
is reduced to 5 um by the speed effect.

1 Multi-layer interference fits
MESYS AG

RBC Starter Basics
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4.5 Settings under 'Bearing configuration'
A bearing set can be compiled from a bearing type under this tab. A pairing of a multiple number can thus be
displayed and calculated. However, we would like to explain this configuration option in more detail in further
documents and would like to skip it in this tutorial. Additional information on bearing configuration can be found

in Manual.

4.6 Settings under 'Material and lubrication'

4.6.1 Material

The material properties for the rolling element, inner and outer ring, shaft and housing are used to calculate
the load distribution and interference between the bearing and shaft/housing. Hardness, its depth and surface

roughness can also be entered (Fig. 42).

Figure 42

General Bearing geometry Bearing configuration Material and Lubrication

Material

Surface hardness inner race

200 MPa

Core strength inner race Rm

Hardness depth inner race hdi ICI mm
Rg |0.114068

Rq

0.114068

Surface roughness inner race um
Surface roughness raoller pm

Material inner race | Steel

Material shaft Steel v

Loading

Track roller

Surface Hardness outer race
Core strength outer race
Hardness depth cuter race
Surface roughness outer race
Material rolling element ' Stezl
7 Matenal outer race Steel

. | Material housing Steel

58 | HRC

Rm [1200 MPa
hde |0 | mm
Ry [0114088 | um

These data fields can also be viewed in the mate-
rial tables (Fig. 43). We would like to skip this in-
put screen and the associated level of detail in
this tutorial. Detailed information on material can
be found in the Manual.

File Calculation Report Graphics  Extras  Help

SH @G ES @ v
Unit system
Database

General Bearing geometry Bea E

Material

4.6.2 Lubrication

150 VG 220 mineral oil

Cwn Input

150 VG 46 mineral oil

150 VG 68 mineral oil

150 VG 100 mineral oil

150 VG 150 mineral oil

150 VG 220 mineral oil

150 VG 320 mineral oil

150 VG 460 mineral oil

150 VG 680 mineral oil

150 VG 46 mineral oil (EP additives)

Material i8¢ Result overview Material Bearings
Surface hardness inner race @ settings MaterfalDIN'ME .
—— Material (orthotropic)
Core strength inner race = 1 Material ISO 6335
Figure 43
Figure 44
-] The drop-down menu on the left offers the choice of
~| a predefined quality with mineral or synthetic base oil
as well as an own input option for defining the lubri-
cant (Fig. 44).
v

Oil lubrication with on-line filter ISO4406 -/17/14

~| The drop-down menu on the right (Fig. 45)can be used

Qil lubrication without on-line filker IS04406 -/13/10
Qil lubrication without en-line filter 1504406 -/15/12
Qil lubrication without on-line filter 1504406 -/17/14
Qil lubrication without on-line filter 1504406 -/19/16
Qil lubrication without on-line filter 1504406 -/21/18
Grease lubrication, High cleanliness

Grease lubrication, Mormal cleanliness

Grease lubrication, Slight to typical contamination

Grease lubrication, Severe contamination

Grease lubrication, Very severe contamination

“| to differentiate between grease or oil lubrication, but
also to select the degree of filtration according to ISO
4406 for oil and the degree of contamination according
to I1SO 281 for grease.

v

MESYS AG

Figure 45
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Figure 46
E==) The contamination factor eC is used to calculate the factor alSO of | @ contamination factor =C X

the modified service life (Figure 46).
Contamination factor eC IC'T

Cancel
Figure 47 |
Lubrication I
150 VG 46 mineral oil ~ | | Oil lubrication without on-line filter 1504406 -/17/14 v D
Viscosity at 40°C nudl |46 mm?/s Temperature Tail |'.-'D Rl
Viscosity at 100°C nuldd |7 mm?/s Ol density p B70 kg/m?
contain = EP additives Pressure viscosity coefficient a |D 1/MPa

According to ISO 281, the presence of EP ad- ) ) ) 4
ditives has an influence on the calculation of If the checkbox behind the oil temperature is not acti-

the alSO factor for the modified life vated, the software assumes the set rolling element tem-
perature for its temperature. See 4.3.6.

‘ Please select a viscosity grade ISO VG 46 mineral and an oil lubrication without filtration 17/14, according
to Fig. 47.

‘ Leave the eC contamination coefficient unchanged and leave the lubricant temperature at 70°C.

4.7 Settings under 'Loading’

4.7.1 General

The coordinate system in MESYS is defined as follows:

— Direction X is defined as the axis direction.

— The Y-axis points upwards to the first rolling element and the angle is
positive around the X-axis or clockwise in the right-hand diagram
(viewed in the direction of the X-axis).

— The angle starts with zero at the first rolling element on the Y-axis.

— Torques are positive if they act around the corresponding axis.

<

D&f race (3}

= outer race d

— The load acts on the inner ring, so that a positive load in the Y direction @ @

leads to a load on the rolling elements on the upper side, as shown in

Fig. 48. Figure 48
4.7.2 Input spaces Figure 49
Axial load Fx M O Displacement ux D pm
Radial load Fy l:l N @ Displacement uy l:l mm O
Radial load Fz l:l M @ Displacement uz l:l mm O
Moment My l:l Mm O Rotation angle ry l:l mrad @
Moment Mz l:l Nm () Rotation angle rz l:l mrad @

A force or displacement (ux) can be entered for each coordinate direction as required (Fig. 49). If the ring, with
which the preload is applied is to be held axially fixed on our angular contact ball bearing as assumed, the dis-
placement in the axial direction (ux) can be set to zero and the reaction force in the axial direction (Fx) is calcu-
lated via vector split as a function of the contact angle.

A moment load or tilting can only be entered for two directions, as the rotation around the bearing axis (X)
cannot be restricted.

4.8 Calculation of track rollers

If you have purchased a licence for the calculation of 'support rollers' and are interested in training for this
extension, we would like to ask you to contact us. Detailed information on this can be found in the Manual. In
this respect, we will skip the content under the 'Track roller' tab in this tutorial.
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5. Application design
5.1 Methodology

The successful design of a rolling bearing follows a proven methodology. The MESYS rolling bearing calculation
provides decisive support and takes over a large part of the necessary tasks. In the following, we would like to
go through some of the most important steps together.

5.2 Interference fits

5.2.1 Tolerance report

The Tolerance report has shown that fits for target overlaps can be found very quickly with MESYS. Now it is
obvious that nobody manufactures a nominal dimension of @ +5.5028 um for a shaft according to chapter 4.4.8.2
and that other influencing variables affect the real actual interference. Furthermore, bearing diameters also
have defined tolerance zones.

5.2.2 Tolerance & roughness

Bearing tolerance 150 492 - P5 ~ ‘

‘ Please assign the angular contact ball bear-
ing 7208B a tolerance class P5.

mmm) Please assign a roughness for shaft and bore of Rz = 6. [ sutuce rughnessshet o
Surface roughness housing R 6| um‘
‘ Please round the current cold -~ % | et ba g X
nominal interference and as-
sign an 1SO class IT6 (16 um) Own input for shaft tolerances . Own input for housing tolerances
diameter tolerance to the | UPPerdlowanceforshaft toishaft « (0013 | mm | Upperallowance for housing tolHousing e [001 | mm
shaft and a IT7 (35 um) to the Lower allowance for shaft. tolShaft_i [0.003 [ mm | Lowerallowanceforhousing tolHousing_i [-0.025 | mm
housing. Cancel Cancel
Figure 50
‘ The Tolerance report of it should look like this:
Table 2
Properties for different clearance Minimum |Minimum probable |Mean value |Maximum probable |Maximum [Unit
Nominal axial clearance Pa -3.04 -3.04 -3.04 -3.04 -3.04 um
Tolerance shaft Ads 19.00 16.96 11.00 5.04 3.00 wm
Tolerance bearing inner ring Ad -8.00 -6.98 -4.00 -1.02 0.00 pm
Interference inner ring Iw_i 24.60 21.54 12.60 3.66 0.60 uwm
Effective interference inner ring lw_iop 24.10 21.04 12.10 3.15 0.10 pm
Tolerance bearing outer ring AD 0.00 -0.80 -4.50 -8.20 -9.00 wm
Tolerance housing ADh -25.00 -21.87 -7.50 6.87 10.00 wm
Interference outer ring lw e 22.60 18.67 0.60 -17.47 -21.40 pm
Effective interference outer ring lw_eop |[22.60 18.67 0.60 -17.47 -21.40 pm

‘ The effective interference inner ring under maximum, just covers the worst case positively with 0.1 um.

‘ The effective interference on outer ring is practically compensated with a mean value of 0.6 um.

5.2.3 150 Fit

‘ For better industrial visualisation, please change the fit to the shaft to k6 and that of the bore to K7 (Fig.
51).
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Figure 51
Fit to shaft kb | . | | Fit to housing |K'.-' o
Surface roughness shaft 5 Tolerances for shaft X || | Surface roughness housing 15 Tolerances for Housing X
Shaft inner diometer [ own input for shaft tolerances Housing outer diamcles O Own input for housing tolerances L
Fitto housing Upper allowance for shaft tolShaft_e (0.019 mm Upper allowance for housing telHousing_e [0.01 | mm
surface roughness housing Lower allowance forshaft tolShaft_i |0.003 mm Lower allowance for housing tolHousing_i |-0.025 mm
Housing outer diameter -

Cancel “ Cancel

‘ Due to the above adjustments to the application conditions, the axial force has increased from 991.504
N to 1448.64 N:

‘ Axial load Fx 144864 N O Displacement ux l:l pm @ ‘

5.2.4 Temperature difference
In our example, let's assume that the temperatures on the inner and outer ring could be measured or qualita-
tively estimated:

‘ Please enter a temperature of 40°C for the inner ring and 32°C for the outer ring and start calcu- ;’}
lation.

Temperature inner ring Ti *C Temnperature outer ring Te *C ‘

‘ The resulting axial force has now increased to
2,321.73N with the temperature gradient ‘ Axial load L ‘
shown. This could mean that ring expansion becomes substantially relevant.

5.2.5 Elastic ring expansion

mmm) Please assign the elastic ring expansion under  |Elastic iing expansion based on medium radial force b
. . - Elastic ri ion is net considered
medium radial force to the bearing under the | == =P m=en =1 Someee .
astic ring expansion based on minimal radial force
‘General’ tab (Flg 52) Elastic ring expansion based on medium radial force
Figure 52
4 The following calculation step shows that the =
y Axial load Fx |200857 | N ‘

“"  axial force has thus decreased again in a com-
prehensible manner.

Please refer to the relevant chapter in the Manual for detailed information on elastic expansion of the rings.

The current protocol tolerances from the settings just made (Table 3):

Table 3
Properties for different clearance Minimum [Minimum probable |Meanvalue |Maximum probable |Maximum |Unit
Nominal axial clearance Pa -3.04 -3.04 -3.04 -3.04 -3.04 um
Tolerance shaft Ads 18.00 15.96 10.00 4.04 2.00 um
Tolerance bearing inner ring Ad -8.00 -6.98 -4.00 -1.02 0.00 pum
Interference inner ring lw_i 23.60 20.54 11.60 2.66 -0.40 um
Effective interference inner ring ( Iw7i® 24,11 21.05 12:41 3.16 0.10 um
Tolerance bearing outer ring AD 0.00 -0.89 -4.50 -8.11 -9.00 um
Tolerance housing ADh -21.00 -18.05 -6.00 6.05 9.00 pm
Interference outer ring Iw_e 18.60 14.76 -0.90 -16.56 -20.40 um
Effective interference outer ring ( IW_@ 20.55 16.71 1.05 -14.62 -18.46 pum

‘ Residual overlap on shaft (lw_iop) below 'Maximum' is positive even in the 'worst' tolerance sum.

‘ The Effective interference outer ring (Iw_eop) is practically compensated for in the 'mean value'. This
means that there is no displaceability, as required for a floating bearing for instance.
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Table 4
Effective diametral clearance Pdeh 171.27 176.20 193.50 201.34 203.79 um
Effective axial clearance Paeff -26.47 -23.13 -11.90 -7.04 -5.56 Hm
Effective free contact angle aOefD 36.16 36.70 38.53 39.33 39,58

‘ The Effective axial clearance (Paeff) in the 'mean value' has decreased substantially compared to the
initial unmounted Pa of -3.03731 um from chapter 4.4.7.4 (Table 4).

It is also important to mention at this point that there is a direct correlation between the effective free contact
angle (aOeff) and the Effective diametral clearance (Pdeff). Small nominal contact angles result in even smaller
effective free contact angles after all influences and can lead to compensation of the diametral bearing clearance
(apex radial clearance). However, a value of 171.27 um, as shown here in the worst case (minimum), is in no
way a reason for an immediate risk.

5.2.6 Temperature gradient

With reference to chapter 5.2.4, it should be noted that bearing seats are
often positioned close to a heat source, such as a rotor. This can cause the
shaft temperature to be higher than the actual inner ring temperature,
which is also constantly lower by an amount due to oil lubrication.

Housing temperature can also be colder than at the bearing outer ring due
to housing cooling.

MESYS offers the option of taking this into account using 'Consider temperature
gradient in fits'. See the 'General' tab:

[] Censider temperature gradient in fits

Figure 53

Please refer to the Manual for detailed information on taking temperature gradients into account.

5.3 Assembly / disassembly

The 'Tolerances protocol' provides an insight into the potential need for induction devices for mounting (mount-
ing) the bearings and thus also the expected loads during a hypothetical disassembly (Table 5):

Properties for different clearance Minimum |Minimum probable |Meanvalue |Maximum probable |Maximum |Unit

Mounting force inner ring (ufit=0.1) |Ffit_i 4567.5 3988.0 2292.5 598.1 19.5 N

Mounting force outer ring (ufit=0.1) |Ffit_e 1838.7 14949 935 0.0 0.0 N
Table 5

5.4 Loading

5.4.1 General

The loads resulting from work steps, weight or dynamic effects must be entered. For this purpose, MESYS Rolling
Bearing Calculation provides the option of an evaluation under static conditions, as under the 'Load' tab, as well
as an analysis under a load spectrum.

5.4.2 Load rating

To determine the bearing sizes according to the rating life or load capacity, the software offers the basic and
modified life according to ISO 281 / 16281 and static safety factors according to ISO 76 or ISO 17956. The results
overview in the lower part of the screen (Fig. 54) provides an immediate evaluation:

‘ Please enter a radial force in Fy of 2000 N
under the 'Load' tab.

Radial load

v Bm
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Figure 54
Result overview
Meodified reference rating life  Lnmrh h Mazximal pressure pmax MPa Static safety factor SF
Static safety factor (IS0 17956)  S0eff Reference load Pref N Viscosity ratio K
Effective diametral clearance Pdeff |0.193858 mm Effective axial clearance Paeff [-0.0116741 | mm Maximum spin to roll ratic maxSpinToRoll |0.472401

‘ No overload is recognisable via maximum pressure and static safety factor (Fig. 54).

5.4.3 Load spectrum
An investigation of the bearing behaviour using a load spectrum can provide further important findings:

‘ Please tick the 'Use |load spectrum' box under the 'General' tab. Use load spectrum

‘ The ianIt fields under General Bearing geometry Bearing configuration Material and Lubrication Loading Track roller
the 'Loading' tab now ap-

pear as an input table. Frequency ux [mm] Fy[MN] Fz[N] ry[mrad] rz[mrad] ni[rpm] ne[rpm] T_i[°C] T_e[°C] TGl [°C]
105 0 1500 0 0 0 4000 0 40 32 60
. 2 05 0 1500 0 ] 0 2000 0 42 32 70
Figure 55

‘ Please enter the values in the running example as shown above (Fig. 55) by activating rows using the
"' - button at the bottom right.

The common values from the load spectrum now appear in the results overview with the prefix 'LS' (Fig.

56):
Figure 56
Result overview =
Ellipse length ratio inner race elR_i % Maximum contact angle difference Do = Mazximal pressure LS_pmax E MPa
Maximum spin to roll ratio LS_maxSpinToRoll m Minimal pressure LS_pmin MPa Modified reference rating life L5 _Lnmrh h
Static safety factor (150 76) LS SO Static safety factor LS_SF Viscosity ratio K

The remaining values are there for the load spectrum element preselected in the bottom of the input mask:

‘ inner Ring rotates to load [ outer ring rotates to load Results for No

5.4.4 Parameter variation
A dialogue for parameter variations is displayed via the menu item 'Calcu- | Calculstion = Report Graphics Extras  He
lation'/'Parameter variation' (4.4.8.4) (Fig. 57). It enables the user to carry | /3 cajcutate Es
out parameter studies, the results of which are displayed in tables and
graphs. Typical applications are, for example, the visualisation of service life
over clearance or displacements over load. Optional optimisation for a pa-
rameter is also available. For further information on parameter variation,
see the corresponding entries in the Software Manual.

Thermal permissible speed
Grease operating life
Wheel bearing

Load rating diagram

Import load distribution
Parameter varation sf—

Figure 57
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% Parameter variation

| PP Generate List Optimization Parameter list Graphics 1 Graphics 2 Settings
load of 246 N, let's reduce it in 10 P P P 9
steps to -15 pm. Parameter Startvalue Endvalue Number of steps
1| Pa[mm] (Nominal axial clearance) ~ | -0,00303731 -0.015 10
Pa [mm] (Nominal axial clearance)
frictionCoefficient
dsi [mm] (Inner diameter of shaft)
dhe [rmm] (Outer diameter of housing)
frictionCoefficientFitti...coefficient for fitting)
Fp [N] (Pretension force)
Fpu [M] (Unmounted pretension force)
Fpeff [N] (Effective pretension force)
Figure 58 Fpm [N] (Mounted pretension force)
i - ) B 5 Lom
Generate List ~ Optimization Parameter list  Graphics 1 Graphics 2 Settings S
‘ Please select the elements from the Pa[mm] LS Lamrh[h] LS_maxSpinToRoll LS pmax [MPa] LS_pmin [MPa] Mfriction [Mm] LS_Lnmr
parameter list (Fig. 59). 438302 0.360434 1682.23 545,57 0126902 ¥ LSlomrh
LS Lnrh
2 -0.004.. 35650.8 0.324498 1698.02 622798 0.128501 -
For load spectrum (LS); 3 -0.005.. 28122 0.202835 171236 27T 0.152644 15.50
LS S0eff
H H 4 -D00G.. 217619 0.266592 174232 799713 0.168668 .
— Mod. Reference service life Lnmrh .
_ SpinToRoII as parameter for kinematics 5 -0.007.. 16683.8 0.245645 1768.82 79.178 0.186603 v LS maxSpinToRall
. 6 -D00%. 127544 0.229028 1796.98 951.404 0.206299 LS_maxTiltAngle
— Max. Contact tension pmax Sy
7 -0.010.. 976287 0.215413 1826.16 1017.88 0.227651 -
_ H H H LS_pavg
Min. contact tension pmin 3 -0011.. 750161 0.204691 1855.97 1079.41 0.250591 Bl s pax
9 -0012. 579512 0.195752 1286.14 113694 0.27508 L5 pmax_e
For load case 2: Results far No 10 -0.013.. 450508 0.187209 1916.49 110112 0301096 - t::::la:,w
— Load dependent frictional 110013 352602 0.180963 1046.91 124247 0328622 v Mfriction
torque Mfriction Inputs Pact?
Results R
1
Generate List ~ Optimization Parameter list ~ Graphics 1 Graphics 2 Settings ‘.‘/ Inputs... :\SO
Results...
A-Value |Pa ~ | Y-Value LS maxSpinToRoll ~ | Y2-Value | LS pmax - w2 O Include in report Show all inputs alphal
Hide all inputs lohalet
0.36 t~— L5_maxS5pinToRoll L5 _pmax Show all results slpha_eavg
alpha_emax
03ak 1925 Hide all results -
== 1900
o o037 = Figure 59
B LI
| 180 @
s 5
Z  oasy 1825 &
E 0267 w5
E ot 1775 %
é doa 1m0 =
i 1725 . .
L 1700 ‘ Please create the diagram SpinToRoll and
2 =2 & 8 o 5 B OB B E 8 B pmax over axial bearing clearance as an ex-
oo T o T T ample.
Mominal axial clearance [mm] Figure 60
Generste List ~ Optimization ~ Parameter list ~ Graphics 1~ Graphics2  Settings
X-Value Pa ~ | Y-Value | LS_Lnmrh b4 | ¥2-Value | LS_pmin A" i O Include in report
— LS Lnmrh —L5:pmj . . .
1w mmmm) Please create the diagram Lnmrh sevice life
s don and pmin over axial bearing clearance as an
£ amy Lo 2 example.
:
& 1900 E
3 100007 s
E 1800 E
= =
H +700
Z  smof
TE00
Mominal axial clearance [mm] Figure 61
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Figure 62
6 Resu Its Result overview a
° Basic reference rating life LS_L10rh h Modified reference rating life LS_Lnmrh h
6- 1 Re ports Maximal pressure LS_pmax MPa Static safety factor LS SF 1
Static safety factor (IS0 17956) LS_SOeff [15.1606 Viscosity ratic 3

Results are available in various out-
puts. The standard results overview at
the bottom of the user interface is al-
ways available and updated, as al-
ready mentioned in chapter 4.4.8.6.

MESYS Rolling Bearing Calculation 12-2024
File name: C:/Users/

Tutorials/2024/Starter/Basics/RBC/ENG/Mesys Files/

MesSyYS

Engineering Consulting Software

Project name: Starter Tutorial

& Report options

Please select the contents for the report:

A main Report as PDF or DOCX with
standard content as well as addi-
tional content via 'Report options'
can be called up using the 'Report’

Graphic: Load distribution Graphic: Load distribution 2D =

Graphic: Contact stress Graphic: Contact angle
Graphic: Spin to roll ratic [] Graphic: Ball advance

[ Graphic: Ball orbit speed [ Graphic: Maximum ball gap between races

menu. Graphic: Wear Parameter PVmax Graphic: Wear Parameter OV
Figure 63 A 8 € L E £
1 ILoad casell
|Report | Graphics  Extras  Help 2 ux [pm]  uy [pm]  wz[pm]  ry [mrad] rz [mrad]
=) showrepeit . EREI 212.9289 66.52366 -1.8E-07  -26-06 -1721.27
B 4 |Fy[N] 66.4652 163.428 -1.6E-07 -1.5E-06 -3929.03
[zl Printreport 5 |Fz[N] -2.1E-07 1.55E-08 184.1039 4475.018 3.53E-06
Save report as 6 [My[Nm] -5.1E-09 3.56-10 4.473138 114.6083 8.76E-08
A spreadsheet with results for further |& Reportoptions ; [‘”EL"“" 2‘1'72215 -8.32524) 3.79E°0%) S3.6E-08| 100.9723
0ad case:
o Report templat r
processing in XLSX format can be opened Spnasiztiiis 3 wxium] |uy[um] |uz[pm] ry[mrad] rz [mrad]
Save report in language ]
by default under menu 'Report'/'Result P guag 10 |Fx [N] 217.7691 61.28462 -5.5E-09 2.42E-07 -1551.14
. i e , 1L|FyINg 61.02589 158.7982 1.756-07 -3.1E-06 -3846.97
tables'. p P 12 |Fz [N] 1.86E-07 -12E-07 170.2751 4152.423 3.61E-07
Tolerance fepoit 13 My [Nm] = 4.68E-09 -2.9E-09 4.145374 106.8561 1.32E-08
- 1 (Mz[Nm]  -1.55158 -3.83722 -A.5E-09 8.02E-08 99.20982

6.2 Graphics

The 'Graphics' menu provides a wide range of 2D and 3D graphical representations and functions relating to
deformation, load distribution, kinematics, wear variables, shear
stress or service life.

File Calculstion Report | Graphics | Extras  Help

| ——

Radial expansion of races

Life over load
100%: Fy = 1.5kN Fz = OkM

—L1brh
—Lnmrh

= Inner race FEA

...... sk ==
nner race (equal area)
== Outer race (equal area)
= Inner race

= 'Quter race

Contact stress

—outer,
——ipfEr race

—

Orthogonal shear stress over depth

200000-\
1 Ball orbit speed
50000 T
= | 3500 /\
£ — 3490
= 200007 E
o
= 3480
100007 8 1500{\
g 1
soofl B e £ 4

“of /TN

Position{minor axis): xi = 0.1203mm, xe = 0.1416mm

Toi (pmax=1682MPa)
Toe (pmax=1485MPa)

MESYS AG

Wear Parameter P¥Vmax
—PVmax e
—PVimna
—TP¥avg_max i
s
L+
=
L=1
h & th & Ut & th & v & i & i &
R e B A S e = B T A = T
- — — — M oMooMom oMo
Position of ball [*]
Figure 64
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General Bearing geor

Mes,

Project name E
Calculstion description E
Settings
Reliability
Limit for 50
Friction coefficient
[ Calculate lubricant fil
Consider centrifugal f
[[] Consider temperature
[[] Oscillating bearing
Calculate required ha
Use fatigue strength f

Required subsurface safe

Resuilt ovenview

Basic reference rating life
Static safety factor

Free contact angle
Maximum contact angle diff

Extension contact ellipse inn

Load spectrum

Deformation of rings

Bearing configuration

Load Distribution

Load Distribution (Load spectrum)
Load distribution 2D

Load distribution 2D (Load spectrum)
Load distribution 3D

Load distribution 3D (without rings)
Contact Stress

Contact angle

Spin to roll ratio

Maximum ball gap between races

Ball orbit speed

Circumferential ball advance
Gyroscopic slip coefficient

Wear Parameter QV

Wear Parameter PVmax

Wear Parameter PV on major axis
Contact stress and sliding speed on major axis
Thermal conductance

Rolling element load

Reliability

Subsurface stress
Orthogonal shear stress (inner race, minor axis)
Orthogonal shear stress (outer race, minor axis)
Orthogonal shear stress over depth
Orthogonal shear stress over minor axis
Contact dimensions

Life over load

Displacement over load

Rotation over load

Load rating diagram

Deformation of rings

Results for interference fit

Radial expansion of races
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The graphics can be docked to the main programme interface and are automatically updated with each calcula-
tion.

‘ The visualisations can be dragged and dropped into the user interface under the menu bar or into
the results overview as shown here (Fig. 65).

Result overview & Orthogonal shear stress over depth 8 X Radial expansion of races & x| Contactstress 8 X WearParameter PVmax a x
i} i} Orthogonal shear stress over depth Radial expansion of races Contact stress . Wear Parameter PVmax
Basic reference rating lfe LS L10rh [128602 | h  Modified refe  _ position(minor axis):xi = 0.1203mm, xe = 0.1416n S —outer ¥ il
£ —oi | = ViPa) — b= - == 1600 - £ 600 i g
Maximal pressure LS_pmax |1682.73 MPa Static safetyf], = 400 G ST ity TS FEAT == = 1400 Ingéi 5 < PVmax
= E om - Inner race (equal area) = +
Static safety factor (150 17856) L5 S0e [15.1606 | Viscosity ratic. & 5 -~ Quter race (equal area) 1200 Elniks —PNayh max i
< © oo =lnner race 1000 £
Free contact angle o |20 © dfectvedin £ § oos N 200 2
Effective axial clearance Pacif [-0.012760 | mm Maximumeo| E F 0014 600 H
Bt s £ 400 =
Ell length rati LR |153.872 % EN length] 2 E o012 =
ipse length ratio inner race eLR_i ipse leng £ i Gl =
Extension contact ellipse innerring dCir 53.2347 | mm Extension co oot e T — ShEwshEEELgLELE =
< > Depth [mm] Position [mml Position of ball [°] Pasition of ball [/

Figure 65

6.3 Further results

Due to the limited scope of this tutorial, we would like to mention the other results, such as grease operating
life under menu 'Calculation’, materials and their calculation with reference to heat treatment, results relating
to lubrication conditions, bearing configurations, oscillating bearings, evaluation of pressure ellipses, consider-
ation under minimum, medium and maximum clearance, effect of gyroscopic torques and much more, with
reference to the Manual only.

6.4 Reports

The standard Report can be specifically edited with extensive content via | Fie cslculstion Report  Grsphics Exiras  Help
'Report options'. Furthermore, the protocol can be saved separately in the o [ | Showreport Fé
available languages. It is possible to add report templates and not forget- i} frink teport

General Beari Save repart as

m e S Report options
Report templates 2

Save report in language 3

ting the Tolerance report already used in this context.

Project name

Save special report as 3

MESYS Rolling Bearing Calculation 12-2024 Calculation descr Tol t
olerance repol
File name: C:/Users/ Settings Result tables
gineering Consulting Software AG

Tutorials/2024/Starter/Basics/RBC/ENG/Mesys Files/

Figure 66
Project name: Starter Tutorial
Description: First Results
Date: Tuesday, 28. January 2025 mmm) Please print out the standard Report.

Rolling Bearing Calculation
Figure 67

MESYS wishes you an instructive and profitable experience with our tutorials. If you have any questions, sugges-
tions or queries, please do not hesitate to contact info@mesys.ch .
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