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1. Software Version
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This tutorial was created with MESYS Shaft Calculation version 12-2025.

2. MESYS Shaft Calculation Package — Strengths & Capabilities
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Figure 1
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The basic version of this software essentially consists of the MESYS shaft
calculation tool with the integration of MESYS Rolling Bearing Calcula-
tion, according to example figure 1.

To realize and consider the capabilities of MESYS Shaft Calculation, we
strongly invite you to visit the MESYS website on the dedicated page for
Shaft Calculation.

Please also take a look at the corresponding articles for shafts under
Home/Downloads/Categories/Shafts according to figure 2:

Mesys

Home  Services v Products v Download  Contact v News v
Engineering + Consulting » Seftware B AG
Download Galequees
Bearings (24)
On this page the demo versions and the software documentation are available. All programs meet the Gears (5)
. o . swiss made
requirements for the label “swiss made software zoftware News (45)
For a test version without restrictions, please contact us and we will provide you with a free 30-day licensel Online calculations (3)
lSemlnars (15)
General Downloads Shafts (23)
Figure 2
3. Software Manual
.
3.1 Manual online & under F1
In addition tO the Online ad— File Calculstion Report Graphics Extras  Help
. (- : Manual
dress via the MESYS download SHPES
System (=
page, the software manual can |2 m eS .
) ) ¥ System Shaft Calculation
also be accessed via the user in- v shafts e Rraes
Shaft
H 1 1
terface by selecting the 'Help prcjeet pame
1 1, 22
menu under 'Manual F1'": e e TR A BT
MESYS Shaft Calculation
Settings Lubrication | MESYS Calculation Software Al The shaft calculation (Version 12/2025) calculates the deflections, A
. "L, internal forces and the natural frequencies of several shafts
At any point—you can open the Consider weight ;.i\;\e’;d;h T connected by boundary conditions. The following features are
aft Calculation 2
Software Manual locally with Angle for weight 8 npur Parameters "
D B Calculation of natural frequencies * Definition of multiple coaxial shafts is possible
ifi i i Calculate natural fi nd harmonic response
specific content directly via - e R e I - Defintion of paralel shafts (with extension for shaft
Consider gyroscopic calculation systems)
your keyboard F1. B &l o ckoation o
. * Definition of shafts in arbitrary direction (with extension
Maximum frequency B Interface to SKF bearing module
B Results for advanced shaft systems)
Numnber of frequencies | gy MESYS Rolling Bearing Calculation « Shaft geometry Is defined by cylindrical and conical
D Consider dynamic loa B MESYS Ball Screw Calculation elements
- W8 MESYS Hertz Calculation
Cosider gearsas stifines, MMESYS Axial Radial Rolerbearings * Inner and outer geometry can be defined independently
. B MESYS Cylindrical Gear Pair % + Shear deformation can be considered optionally o
Flgure 3 [ Consider gears as poiy B8 MESYS Single Cylindrical Gear
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3.2 Manual as PDF

The Software Manual can also be found in [ [ = | mesvsi2-200¢ Figure 4
. File Home Share View
all current languages as a pdf in the MESYS N
« < 4 > ThisPC » Local Disk(C3) » MESYS 12-2024
installation directory (fig. 4). B s N
% Quicksccels T3 MesysHertz64.exe 02/12/2024 11:43 41,715 KB
I Desktop [ Mesysinterface3D6d.dil
- Downloads ; I} MesysiManual.exe
= Documents ¢ = MESYS-Manual.pdf
B Pictures y i} MesysiManual-DE.exe
Aktuelle Datendatei "B MESYS-Manual-DE.pelf
&) MesysManual-JA.exe
Beginner -
# MESYS-Manual-JA.pdf
Drafis &) MesysManual-KO.exe
Import Geometry = MESVS-Manual-K0 pdf
B This pC 1% MesysRECH4.exe

4. Shaft

4.1 Description of a shaft

4.1.1 Beam Model

The Shaft Calculation uses the Timoshenko beam model, which improves upon the classical Euler-Bernoulli the-
ory by accounting for shear deformations and rotational inertia effects.

4.1.2 Limits and Assumptions

While the Timoshenko model is more realistic, it still simplifies the actual behaviour of a shaft. For instance, it
does not consider 3D effects like local stress concentrations or nonlinear material properties, which would re-
quire more complex FEM analysis.

4.1.3 Options
A nonlinear shaft model can be taken into account. The nonlinear model calculates equilibrium of loads in the
deformed state. Further information can be found in the Manual.

4.2 Shaft Project

4.2.1 Basic data of the shaft

A shaft in the MESYS Shaft Calculation requires a minimum description for corresponding running of the simu-
lation. Let's go through this process sequentially.

- Start MESYS Shaft Calculation or open a new file using the 'New' .4

icon or the File menu item and choose 'New': v

SR GES
MESYS provides a placeholder for a Shaft in the 'System'-Tree. under |System g
'Shafts' as standard. This Shaft can now be further defined in the main |~ %‘“::;ﬂs
window. Shaft
Figure 5
The project for Shaft Calculation ~ |e Caleuistion Report Grephics  Eutas  Help
can be given a name and a de- cH9Es=
scription under 'System’. ?R:;,m i m eSlIJS Shaft Calculation
. ShaFS:E& W Brsl " AG

‘ Assign an example name Project name [sterter Tutorial

to the project. Calculation description [Simple Shaft 01

Figure 6 Settings | Lubrication  Display settings

For the moment, we can leave the contents of 'System’, chosen by 'System'-tree, i.e. the 'Settings', 'Lubrica-
tion' and 'Display settings' tabs untouched.

MESYS AG Shaft Starter Basics 3/25


https://www.mesys.ch/manual/consider_nonlinear_shaft_model.html?q=Nichtlineares+Wellenmodell

MESYS AG
Technoparkstrasse 1
CH-8005 Ziirich

re B AG

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

4.2.2 Shaft input values

The following input data define a shaft:

- Length of the outer segment

- Length of the segment on the hollow shaft

- Diameter of the segment

- Diameter of the segment on the hollow shaft
- Material of the shaft

Optional:
- Temperature across the outer segments

For the purposes of this document, let us illustrate an example horizontal spindle shaft, as shown in figure 7:

Figure 7

Please proceed as described below.

=
—
—
—

Select 'Shaft' in the 'System'-Tree left-hand to display the input fields for the shaft in the main window.
Start with the 'General'-tab.

Choose a name for your shaft, e.g. “Simple Shaft 01”.

Confirm that your shaft is to be exposed to a speed by ticking the 'rom' box.

Furthermore, please enter the intended speed, which shall be 1000 rpm here.

File Calculation Report Graphics Extras Help

oA dH=
| system 8
v System

~ Shafts

M
y |

The value for Posi-
tion X = 0 mm indi- |(zmm
cates, that the shaft
geometry starts axi-
ally at the coordi-

nate origin. Z/
The temperature is
a value in °C on

which the shaft is
based by default.

General  Geometry  Loading  Supports  Sections  Settings

The topics 'position’ General
X, 'temperature' or Name [Simple Shaft 01 |
'material' shall not Matera Steel v] (8]
be considered yet at P b fmm
this point = B il
: Temperature T < Figure 8

‘ Select 'Shaft' in the 'System'-tree to display the input fields for the shaft in the main window. Continue
with the 'Geometry'-tab.

MESYS AG Shaft Starter Basics 4/25
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Graphics  Extras  Hel

File Calculation Report  Grap
=Bl $E=
System g
v System

v Shaf"s_

Here the shaft geometry can be as-
signed for outside and inside lengths
and diameters of the segments. Total
resulting length (L) of the shaft or hol-
low shaft is given at the top right of
the tables.

Sl @pPoceB&ObD

General Geometry  Loading  Supports Sections Settings l
Inner Geometry

Outer Geometry L=%0mm

Length [mm] Diameter 1 [mm] Diameter 2 [mm] Length [mm]  Diameter 1 [mm] Diameter 2 [mm]

(0] o] «—

1100 40 ||+ 20 30

250 50 g’z 25

= 1]

Figure 9

Result ovenview (=]

The blue control keys on the right side can be used to add, sort or delete rows, whereby ' #& ' deletes the entire
table.

‘ The example wave geometry should look as described in Figure 7 and as follows:

Outer Geometry Inner Geometry
Length [mim] Diameter 1 [mm] Diameter 2 [mm] Length [mm] Diameter 1 [mm] Diameter 2 [mm]
1 100 40 120 30
2 50 50 2 70 23
310 50 55 35 25 20
4 30 55 4 50 20
5 10 55 45 5 70 22
& 33 45 6 10 2 18
760 40 7 100 18
8|10 e Figure 10

These inputs should result in a shaft geometry as shown in Figure 7 and now shown correctly in Figure 11:

File Calculation Report Graphics Extras Help

LUaBldEs
System &
v System I é ﬂ
v Shafts e e,
Simple Shaft... I@
[
g
S
Figure 11 General | Geometry | Loading  Supports | Sections  Settings

There are 'magnifying glasses' on the right-hand side of the graphical window that can be used to adjust the
display of the shaft. Other buttons allow the user to add components such as couplings, gears, supports or rolling
bearings to this graphical environment.

MESYS AG Shaft Starter Basics 5/25
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4.2.3 Position in space

Before continuing with the entries, the position in space must be defined. This exposes the configuration also to

the corresponding weight forces.

‘ Select 'System' in the left-hand tree to display the input fields in the 'Settings'-tab. Assign the position
in space to your shaft here, ticking the consideration of a weight force and define its direction (Buw).

File Calculation Report Graphics Extras Help
el @Hs=
5 Tme
v System m S S Shaft Calculation
~ Shafts wgineering Coneulting Software Bl AG
Simple Shaft 01
= Eearings. Project name |5tarterTu‘tDriaI
Bearing
Calculation description |5imp|e Shaft 01
Settings Lubrication Display settings
@Ccmsider weight ' | Housing material Steel
Figure 12 Angle for weight w |90 N Housing temperature
— I - The angle is defined trough x-y-plane, a rotation around
: g z-axis. A value of zero results in a weight in the direction
y y y of shaft axis. The weight direction is also shown as an ar-
row in the shaft graphics and it can be varied within the
load spectrum.
z z Z
Angle 0° Angle -90° Angle 180° Figure 13

After entering -90° for Bw, we should get the following arrow direction for weight force in the graphic window:

File Calculation Report Graphics Extras  Help

System g

v B | After entering -90° for Bw, we should obtain the following arrow

Simple Shaft 01 direction for the weight force in the graphics window:
General  Geometry  loading  Supports  Sections  Seftings
Outer Geometry L=325mm Inner Geometry
Length[mm]  Diameter 1 [mm] Diameter 2 [mm] Al Length [mm]  Diameter 1 [mm] Diameter 2 [mm]

1 100 40 =120 30
250 50 ” 27 25
310 50 55 41|35 25 a0
4 30 55 " J, 4 50 20

Figure 14

MESYS AG Shaft Starter Basics
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5. Loading
5.1 General
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Figure 15

U=sBl@gEe
System g
v System
% Shafts
—
General ~ Geometry = Loading = Supports  Sections  Settings
Force x=0mm, 'Load’ I'?| Force
.El Force
|:. Coupling
. Cylindrical
A variety of load types can be found under . irirl
the ‘Load’ tab in the bottom right-hand @& il
window for ‘Shaft’ (‘System’ tree). This also f;"“;"’
includes gearing or dynamic loads. Mass
Imbalance

Dynamic force

5.2 Force Vectors

To assign a common force, proceed as follows:

‘ Assign a load with '€ and select the type in the drop-down on the right, which we define with 'Force'.

System

=B dEs
8

~ System
~ Shafts

Figure 16

‘Simple Shaft 01

hoe 2 B Db D

General

Geometry

Loading

Supports

Sections

Settings

Force x=Dmm, 'Load’

This creates an entry for a force entity and its
position, which is yet to be defined in more

detail.

Coupling
Cylindrical gear
Bevel gear
Worm
Worm gear
Excentric force
Pulley
Mass
Imbalance
Dynamic force
-

Bending moment

Bending moment

MESYS AG

Shaft Starter Basics
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General  Geometry | Loading  Supports  Sections  Settings

Force x=175mm, ‘Radial 1 [d] [Force
IE Name |Radiial 1
The force vectors can be defined on the bottom right- || /#!| pesion
hand side of the main window. Let us load the shaft with Ja
a radial and an axial component as follows. F Z;:
Radial Force
‘ Enter the forces as shown in the sequence. ;Z
erding moment
Figure 17 Bending moment

i
E
&
¥

LI

o

FEgPTaR

=
o

z
3

Nm

General Geometry Loading Supports  Sections Settings

Force x=175mm, 'Radial 1'

Force x=220mm, ‘Radial 2'

L€

EI | Force

=1 | Name [Radia2 |
(8] posiion B o [@] [B)]
Width b mm
Pt e o Iwn
Radial Force o
Radial Force Fz N
Torque v
Bending mpment Mo Jnm
Bending moment v T
General  Geometry Loading | Supports  Sections  Seftings
Force x=Dmm, ‘Axial [ o] [Force v
Force x=173mm, ‘Radial 1 s
Force x=220mm, ‘Radial 2 | e [Axial |
|§| Position l:l A |:| |§|
Width b o Jom
AxiatFore Fx N
Radial Force o N
Radial Force o w
Torgie Mc o |Nm
Bending moment My o |Nm
Figure 18 Bending moment Mz o |Nm

The shaft should now appear to us as shown in the following Figure 19:

MESYS AG Shaft Starter Basics
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Figure 19

By selecting 'Shafts' in the system tree, the display of the force vectors can also be switched to 3D:

File Calculation Report Graphics Extras Help
= =) 2D
UaBl@Ee »
System g |
v System A i
~ Shats =
Simple Shaft 01 2 v,
D] wd
Ex
l;':
B
i
e
el
Figure 20 o]
6. Supports
6.1 General
File Calculation Report Graphics Extras Help
LUeHa $E3s
System a
¥ System R
~ Shafts - R
Simple Sheft 01 B
@
&
&
4
A
-]
(=]
=
of
General ~ Geometry  Loading = Supports  Sections  Settings
Support x=0mm, ‘Support’ ,?‘ Support ~
Support
F‘ Rof\‘::’heaﬁng
42 | | Ball screw
All types of supports can be found under the 'Sup- __ Ferip LR
. . . Weld point
ports' tab in the main window for ‘Shaft’ (‘Sys- - el
. . . . Cylindrical constraint
tem’-tree). This also includes rolling bearings. Caupling for reaction tarque
Axial stiffness
Stiffness matrix
. Contact stiffness
Flgure 21 Damping matrix

6.2 Rolling bearings

6.2.1 Mounting a Rolling Bearing
After assigning the support type, in this case rolling bearings, MESYS will place a deep groove ball bearing by
default.

MESYS AG Shaft Starter Basics 9/25
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System &
v System
~ Shafts
mple Shaft 01

Bearings
Bearing

Shl@PoereBBbd

General Geometry Loading Supports

Sections Settings

Rolling bearing x=0mm, ‘Bearing'

EI Roller bearing

<

;] |3upport

=

| Roller bearing

Select 'Shaft' in the 'System' tree, assign a bearing at 58 [Bal screw
~ | Radial cylindrical plain journal bearing

the bottom right with 's'and select the type 'Rolling Weld paint
bearing' in the dropdown next to it.

General constraint
Cylindrical constraint

Result overview

Figure 22 |

Coupling for reaction torque

Axial stiffness
Stiffness matrix
Contact stiffness

Damping matrix

6.2.2 Bearing type and denomination

This insertion of a rolling bearing has following effects on the content of the simulation:

- Creation of a group 'Bearings' in the 'System'-tree
- Entry 'Bearings' under the 'Supports'-tab
- Placement of a rolling bearing at the axial position x =0

The interface to MESYS Rolling Bearing Calculation is 'activated' when a rolling bearing is assigned. To select a

rolling bearing or to define one in all its characteristics, please select 'Bearing' in the system tree.

File Calculation Report Graphics Extras Help
=B gHe
g
Sys::m General Bearing geometry  Bearing configuration Material and Lubrication ~ Loading  Track roller
~ System
" Mesys ing Beari j
Simple Shaft 01 Rolling Bearing Calculation
~ Bearings jineering Consulting Softwa AG
‘ It can be seen that Rolling Bearing Calculation has automatically
e . 1 1 1 .
T A taken the project name from 'System'. For now, let's skip the bear-
Caleuiation dsm‘ptiu‘sean'ng ing boundary condition settings found under the 'General' tag.
S———
Settings
Reliability 5 % Calculation for medium clearance s
Limit for als0 dsoMax [0 | Ralling element has maximum temperature v|
Friction coefficient W Fl!st r_crl[in_g_eter_!“\gr_v_t_ nn_y:a_t}s v| G
[ Calculate lubricant film thickness Gyroscopic moment is not considered v
Comsier centifugal faice {Folfing elementsetffe is not calclted ]
] Consider temperature gradient in fits Elastic ring expansion is not considered A
[[] Oscillating bearing [[] Use load spectrum
Calculate required hardness depth Calculate modified life
Use fatigue strength for hardness depth [[] Use extended method for pressure distribution
) Required subsurface safety Ssmin l:l Calculate static safety factor based on stress
Figure 23
MESYS AG Shaft Starter Basics 10/ 25
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Calculation Report Graphics Extras  Help

‘ Go to 'System'/'Bearing' and |F* ‘
=}

open tag 'Bearing geometry'.

From the Iarge Selection Of bea r- ‘&f“f::tem General  Bearing geometry  Bearing configurstion  Material and Lubricetion ~ Loading
ing types via the left dropdown, ¥ Shafts Deep groove ball bearing 7| B

Simple Shaft 01
~ Bearings

Deep groove ball beari
we select 'Deep groove ball - -

Deep groove ball bearing (double row) =

bearing' Bearing Axial deep groove ball bearing §
: Angular contact ball bearing
. Angular contact ball bearing (double row)
Figure 24 5 g

Axial angular contact ball bearing

- The design of the rolling bearing ('inner geometry') showed in figure 25 below the left bearing type
selection dropdown, can be entered manually.

At this point however, we select an already defined rolling bearing from the database.

File Calculation Report Graphics Extras Help
— H ﬁ l z =
System & " - =
General Bearing geometry Bearing configuration Material and Lubrication Loading Track raller
~ System
v Shafts Deep groove ball bearing ~ | |54 | |Enter outside geometry only ~
Simple Shaft 01 Enter outside geometry only
v Bearings Inner diameter d ™M [ 57] | Enter outside geometry and load capacity
Bearing L : mm [ 5] |Enter inner geometry
Enter inner geometry and load capacity
Width B |7 mm Select beaning from datab
Nurnbereo raling elements z b Bearing clearance User input as operating clearance
Dametes of rollingdements bw [0 mm Diametra| clearance CH
Pitch dismeter Dpw [0 | mem
Confarmity inner ring fi |0s2
Conformity outer ring fe [os2 |
Shoulder diameter inner ring dSi I:l mm |
Figure 25 Shoulder diameter outer ring dse D mm |

‘ Choose 'Select bearing from database' on the right dropdown and filter inner & outer diameters d = 40
and D = 80 mm on the left side, to find the 'Generic' 6208 Deep groove ball bearing, as shown in figure

File Calculstion Report Graphics Extras Help
= H & EE
System g = > o =
General Bearing geometry Bearing configuration Material and Lubrication Loading Track roller
¥ System
™ Shafts Deep groove ball bearing ~ | | 1| |Select bearing from database =
Simple Shaft 01 Enter outside geometry only
e Eearmgs: Inner diameter d 40—| mm |57 | Enter outside geometry and load capacity
Eearing Outer diameter D mm |5 Enter inner geometry
Enter inner geometry and load capacity
Manufacturer name di[mm] De[mm] B [mm] C[kN] CO[kN] " | |Select bearing from d
SKF *6208 N 40 20 12 325 19 Bearing clearance User input as operating clearance
SKF 6208 ETNO 40 80 12 358 208 Diametral clearance Pd I:I mm | =
SKF 6208 40 B0 8 25 |19
‘ H 7 3
o m—r—— g @& @ = WH Select ‘Select bearing from database’ in
Sk "6208-2 0w 1 325 |1 the right-hand drop-down menu and fil-
SKF Bt " @ w =5 |8 ter the inner and outer diameters d = 40
SKF *6208-2ZNR 40 80 18 325 |19 H
and D = 80 mm on the left-hand side to
SKF *6208-27 40 80 18 325 19 . . .
find the deep groove ball bearing ‘ge-
SKF *6208-2RS1 40 20 18 325 19
) . .
mm neric’ 6208, as shown in Figure 26.
Figure 26 < >

6.2.3 Positioning of Bearings

The positioning of the rolling bearing can be done by numerically entering the axial position on X. This can be
done by turning back to 'System'/Simple Shaft 01/'Supports' in the lower right window or by combining Shift+left
mouse button by sliding on the graphical representation of the bearing itself.

MESYS AG Shaft Starter Basics 11/25
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File Calculation Report Graphics Extras  Help

System [
v Systemn
¥ Shafts
Simple Shaft 01
v Bearings

B1 - fixed ‘Generic 6208"

f{@Pur@ObD

General  Geometry  Loading  Supports  Sections  Settings

Rolling bearing x=70mm, ‘81 - fixed'

>

Name [B1 - fixed

- Let's name this first one defined as a fixed bearing sup-
port ‘B1 - fixed' and position it at x =70 mm. i o=p groove i beming Generic 200

| Shaft connected to inner ring >

Position

Figure 27 | ‘

| Connect outer ring to housin

‘ Add a second bearing by pressing the blue ' + "-button shown in figure 26, which will cause a copy of
the above bearing. We want to name the rolling bearing to be designed as a floating bearing 'B2 -

floating'.
File Calculstion Report Graphics Extras Help
System g
v System 'Q
v Shafts po
Simple Shaft 01
~ Bearings @
B1 - fixed 'Genenic 6208' a
B2 - floating 'Generic 62... N
4
S
A
[+
=
]
o
General Geometry Loading Supports  Sections Settings
Rolling bearing x=70mm, 'B1 - fixed' i } ,Roile: bearing v‘
Rolling bearing x=264mm, ‘B2 - floating’ — =
5;:\ Name [B2 - floating |
- Position B2 on the far right and bring it into a clean alignment (8| posiion . L EDED
with the right shoulder of the 6th outer segment, using the left /pe [Deep groove ball bearing {Generic 6208 [
arrow-button ' €= ' for the position in the window at the bottom [Shaft connected to inner ring v
. : i k =
Figure 28 rlght_ Connect outer ring to housing v
Figure 28

6.2.4 Conditions of Rolling Bearing

Let's now assign the operating conditions for the rolling bearing. Roughly assessed and within the scope of this
tutorial, these could be the desired degrees of freedom, the fits, the properties of the bearing seats and, for
example, the accuracy class.

So let's go back to 'System'/'Bearings', in the 'Bearing geometry' tab (fig. 29) and enter this basic information for
the rolling bearings. For the time being, let's first deal with bearing clearance (CN) only conditionally.

MESYS AG Shaft Starter Basics 12/25
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File Calculstion Report Graphics Extras Help

=8 @RS
System & T =
General Bearing geometry Bearing configuration Material and Lubrication
¥ System
v Shafts Deep groove ball bearing
Simple Shaft 01 i
i e G d -
B1 - fixed 'Generic 6208'
= HhEnc Outer diameter D mm

B2 - floating 'Generic 6208'

Loading

Track reller
. | | Select bearing from database
+| 2] Dynamic load number

Y Static load number

Manufacturer name

di[mm] De [mm] B[mm] C[kN] CO[kN”*

Fatigue load limit

—)

B1 clearance shall be CN and the pre-
cision class PO, while k6 & H7 are fur-

4. Furthermore, we assume a housing
diameter 'dhe' of @ 90 mm.

ther assumptions at a roughness Rz of

Bearing clearance
Diarnetral clearance
Bearing tolerance

Fit to shaft

Surface roughness shaft
Shaft inner diameter

Fit to housing

Surface roughness housing

80
. 40 a0 18 325
Figure 29

SKF 6208 - SKF
<

Housing outer diameter

v

>

Cr (3]
COr (15,9028 kN
Cur [D.828755

IS0 5753 - €N

=
o
)
o
o
-
=

Pd

150 432 - PO ~

The rolling bearing editing window shown above (fig. 29) can alternatively be
opened via the 'c 7' - button in 'System'/'Shafts'/Shaft' under the “Boundary con-
ditions” tab (fig. 30), or via the context menu with the right mouse button directly

on the graphical output (fig. 32).

Figure 30

Roller bearing
Mame |E1 |
Position x 35 mm €= =
Type |Deep groove ball bearing (Generic 6208) |©
File Calculation Report Graphics Extras Help
B P$ES
System : : : - -
General Bearing geometry Bearing configuration Material an
~ System
“~ Shafts
Simple Shaft 01
~ Bearings \eering Consull AG
B1 - fixed 'Generic 6208
B2 - floating 'Generic 6208'
Show Report
Show Tolerances Report
Show Result Tables
Parameter Variation
‘l‘/ Thermal permissible speed
Grease operating life
Figure 31 Copy from C B1 - fixed

=

Figure 32

Enter the same settings for B2
as for B1 or alternatively
chose to adopt settings from
already configured B1, as
shown in figure 32.

For B2, in the end a different setting is still required with regard to the support directions though. The non-
locating bearing must not absorb axial forces and should be released axially. To do this, we go back to 'Sys-
tem/'Simple Shaft 01' in the 'Supports' tab for B2 — as shown in figure 28.
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File Calculation Report Graphics Extras Help

=l $ES
System (-] A ﬂ
~ System
v Shafts L 2
Simple Shaft 01 7
¥ Bearings @
B1 - fixed 'Generic 6208' a
B2 - floating 'Generic 6208 N
z b
General Geometry Loading Supports Sections  Settings
Rolling bearing x=70mm, 'B1 - fixed' $ Roller bear\'ng ~
Rolling bearing x=264mm, ‘B2 - floating' |
Name [B2 - flosting |

P Position ® 264 mm @ !ﬂ

Please uncheck the boxes for axial support to the left
X f Type |Deep groove ball bearing (Generic 6208) | [&8
and rlght or BZ. Shaft connected to inner ring ~

l

[ ] Connect outer ring to housing
Please also note that the graphical representation of
. [ Use extended calculation model
B2 now shows the axial degrees of freedom, as the o it
lateral blocks have been removed. (] Shait & pparted axialy o theiei

[ ] [ Shaft is supported axially to the right

'Geometry, Material, Temperature, Lubrication' is connected

l

Figure 32

7. Shaft sections

7.1 General
For a proper calculation of shafts, stress concentrations, load types and sizes or necessary safety factors must
be taken into account. For this purpose, the software offers the option of defining different notch cases for each

shaft on the 'Sections' tab.

7.2 Shaft Strength
Note: This analysis needs the extension for DIN 743. ] :
Housing material Steel | 5
The method for shaft strength calculation can be |, . ccmpersture T«
H 1 H 1 . R ——
selected under System, in 'Settings'-tab on right Required ffe b )
side. Curren‘tly, DIN 743 (.2012) is available. It can e bR . % [
be selected if the calculation should be done con- _ — e
. . o L. . . . Strength calculation Infinite life according DIN 743 o
sidering infinite or finite life. For finite life the _ B . .
. . . Beaning position Definition for each bearing v
number of cycles is calculated using the input for
' . et Shear deformations According Hutchinson w
Required life' H. —
D Consider nonlinear shaft model
. . . [ Consider load spect:
For more information about sections please refer By i T A
Calculate modified bearing life

to Software Manual specific content. -
Figure 33

In our example, we focus the analysis on a point at which the diameter changes significantly. We
therefore set a 'Section' at 'Simple Shaft 01' on a defined point, i.e. on the right shoulder of the 6
outer segment, as shown on the right.

Figure 34

MESYS AG Shaft Starter Basics 14 /25
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File Calculation Report Graphics Extrss Help

System )

~ System
~ Shafts
Simple Shaft 01
~ Bearings
B1 - fixed 'Generic 6208
B2 - floating 'Generic 6208’

pel
Jol
&
N
]
General ~ Geometry  Loading  Supports  Sections  Settings
Shoulder with relief groove x=255mm, 'Shoulder with relief groove' o Shoulder with relief groove v
Go to ‘Simple Shaft 01’ in the System- SRR Shouker it eic groove |
d h h f . I g Position i mm @ Q
tree and choose the type of sectiona Radius . o
view in the ‘Sections’ tab. Let's select Death ¢ o
R

‘Shoulder with relief groove’, insert
the ‘Position’ on X = 255 mm and ac-
cept the suggested remaining input
sizes.

Surface roughness

Figure 35

As the strength calculation requires a clear material definition, we will select one from the database (fig. 36).

‘ Therefore, go to ‘System/Shafts/Simple Shaft 01’ and assign under the ‘General’ tab the material

42CrMo4 as an assumption to the shaft.
File Calculstion Report Grephics Extras Help
= E|$ E e
System 8 7
~ System
v Shafts pe,
Simple Shaft 01 o]
¥ Bearings
B1 - fixed 'Generic 6208' ﬂ
B2 - floating 'Generic 6208 &N
General Geometry  Loading Supports  Sections  Settings
General Strength
Name [Simple Shaft 01 Load factar (static) KAs O
Material 42CrMod o Loadfactor (fztigue) KA 0
Position j?gri m Overload case Constant stress ratio .
"
Speed 34Ceiviod - Diameter at heat treatment das mm
42CrMod
Temperature vy Number of load cycles N [1200
36CrNiMod Factor for surface work-hardening Kv |
30CrNiMod
Sy St fatior tencion Pulsating vl ]
31CiMo12, nitrided Stress ratio, bending Atemnating v
31CrMaV9, nitrided
Stress ratio, torsion Pulsating S D

Figure 36

8. Lubrication
Let us assume that we are dealing with sealed DGBBs and that they are fitted with a standard lubricant of class

ISO VG 46 mineral oil. Furthermore, the application should be carried out under normal contamination.

‘ Select a lubricant class ISO VG 46 mineral oil as lubricating grease under normal cleanliness.
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Ll H Lg ‘ ] =
System El
> By m eSl} S Shaft Calculation
v Shafts T tine AG
Simple Shaft 01
v Bearings Project name [tarter Tutorial |

B1'Generic 6208'
B2 'Generic 6208" Calculation description |Beg|nner Simple Shaft 01 |

Settings ~ Lubrication  Display settings

150 VG 46 mineral oil ~ ‘ Grease lubrication, Nermal cleanliness v| |52
Qil Temperature l,} TOil |70 “C
Viscosity at 40°C it [86 | mmis il density oo [0 ey
Viscosity at 100°C nuloo (7 mm?/s Pressure viscosity coefficient a 0.0147418 1/MPa
Figure 37 contai & EP additives FZG load stage FZG

A lubricating grease selection that deviates from the series for mass-produced products such as deep groove
ball bearings is usually not practicable in terms of cost. A comparison of reference viscosity and operating vis-
cosity using the ISO VG value is recommended. However, in addition to the usual viscosity references, a lubricant
used in mass production should also be evaluated with regard to its suitability in terms of lubricant quantity,
lubricant displacement space, effective contact stresses or friction and thus potentially effective temperatures
in contact.

9. Interfaces
9.1 Bearing to Shaft

If we consider the Rolling Bearing Calculation as a plug-in for Shaft Calculation, we can assume that the relative main
interfaces are to be defined. We find the standard connection of the parameters under 'System'/'Shafts'/...B1 or B2,
as displayed in following figure 38:

| - H g I & =
System El 2
~ System
v Shafts e
Simple Shaft 01 @
~ Bearings
B1 'Generic 6208 9
B2 'Generic 6208 &N
General Geometry Loading Supports Sections Settings
Rolling bearing x=70mm, 'B1" @ Rolling bearing
Rolling bearing x=264mm, 'B2'
= | Name [B2 |
8| position x  [264 mm |43 |=h
Type |Deep groove ball bearing (Generic 6208) | P
Shaft cted to i il
{3} Connect parameters ta bearing calculation X o b i
Connect outer ring to housing ~
'Geometry' is connected g
* Material, Lubrication' is connected
Material is connected
[ Use extended calculation model
“Temperature' is connected
Shaft is supported radially
'Lubrication’ is connected O
Shaft i supported axially to the left
. m_ Cancel
Figure 38 Coc ] [] Shaft is supported axially to the right

Let us then find and compare these interfaces on the programme interface. This step is not necessary if all 4
checkboxes in fig. 38 above are ticked (default)!
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9.2 Geometry

stem =
B General Bearing geometry Bearing configuration Material and Lubrication Loading Track roller
v System
~ Shafts Deep groove ball bearing w| |52 | Select bearing from database ~
Simple Shaft 01
v Bearings Inner diameter d mm | [] Dynamic load number Cr
B1 ‘Generic 6208' Static load number Cor
e Outer diameter D |eo w |
Manufacturer name di [mm] De [mm] Bmml C[N] CO Rl 2tgus foad limit Cur
Generic 6207 35 72 17 225206 13.5357 . kd
) Bearing tolera Geometry 1S 150 492 - PO v
Generic 62/32 32 65 7 17.6079 10,4249
Fit to shaft kb T
Generic 6206 £ 6 176031 102484 connected b ]
Surface roughness shaft Rz
. Generic 62/28 28 58 16 14.6793  8.09764
Figure 39 Shaft inner diameter dsi
Generc 205 25 52 1% 12 6703 12723
.
9.3 Material
System 2 = = = = o =
General Bearing geometry  Bearing configuration Material and Lubrication Loading  Track roller
~ System
v Shafts Material
ol hak ) Surface hard s8 HRC Surface Hardness out 58 HRC
v Bearings urface hardness inner race urface Hardness outer race
B1 'Generic 6208' Core strength inner race . ] MPa. Core strength outer race Rm [1200 MPa
B2 ‘Generic 6208 Material is
Hardness depth inner race ] mm Hardness depth outer race hde |0.232719 mm
Surface roughness inner race conneCted Surface roughness outer race Rg

Surface roughness roller Rg rial rolling element | Steel W
Materizl inner race  Steel T Steel w
Flgu re 40 Material shaft ‘42C1Mn4 w | L Material housing iSIErJ v | e
9.4 Temperature
System = . . = s .
General Bearing geometry Bearing configuration Material and Lubrication Loading  Track roller
v System
~ Shafts
Simple Shaft 01 Axial load Fx N () Displacement ux mm @
hd Eearl;:glé . ‘ Radial load Fy  |-780.906 N O Displacement uy  [-0.01492%6 | mm @
eneric 6208
82 'Concrie g0y || Radiel load k2 N O Displacement Temperature u o @
M it H
i is connected
Mament
Speed inner ring Inner ring rotates to load
Speed outer ring [ outer ring rotates to load
Figure 41 Temperature inner ring T |2 =) Temperature outer ring T |20 e

9.5 Lubrication

System &
~ System
~ Shafts
Simple Shaft 01
v Bearings
B1 'Generic 6208'
B2 'Generic 5208

Figure 42

General Bearing geometry  Bearing configuration Material and Lubrication Loading  Track roller

Material

Surface hardness inner race Surface Hardness outer race

Lubricant is

Core strength inner race Core strength outer race

Hardness depth inner race Hardness depth con nected
Surface roughness inner race =5% outer race

Surface roughness roller Waterial rolling element | Stesl

Material inner race  Stesl | Material outer race Steel

Material shaft A2CrMed | Material housing Steel

Lubrication
i-lsu VG 46 mineral ail | | Grease lubrication, Normal cleanfiness
Viscosity at 40°C nudd mm’/s Temperature

38 HRC
Rm 1200 MPa
hde |0.232719 mm

Rq

10. Calculation step
10.1 Activation

After entering and setting all the points and passages mentioned above, the resulting shaft model is ready to
start the 1°* calculation step.
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By selecting System/Shafts, we find ourselves in the results overview, which can be viewed by topic using the
vertical tabs at the lower right edge:

File  Calculation

| = H o =

Report Graphics Extras  Help

System Sl
~ System
~ Shafts 30
Simple Shaft 01
v Eearings R
B1 - fixed 'Generic 6208 2
B2 - floating 'Generic 6208 @
e
]
Name L10h[h] Lnmh[h] L10rh[h] Lnmrh[h] pmax [MPa] SOeff pmin[MPa] Pdeff [mm] Paeff [mm] Ac["] Pref[kM] Fx[N] Fy[kN] Fz[kN] Fr[kN] Mx[Nm] My [N z
~ Simple Shaft 01 -
31 - fixed 'Generic 6208" 361503 1759221 355524 4752 15210 2103 0.00 0.00 0.08 0.01 093 7500 -092 0.03 0.92 0.00 0.06 .
B2 - floating 'Generic 6208' 205348 748373 198794 713145 1641.58 1674 0.00 0.00 0.06 0.00 133 000 -111 012 m 0.00 -0.00 a
‘ The calculation step can be carried out via the menu item ‘Calculation’/Calculate’, di- |
rectly via the icon just below the menu band or simply pressing F5. H
- Please check for the green tick at the bottom right, which confirms the consistency of | =
the calculation. _
Result overview 8| Messages &

Miriimal Brafiig refrence e minl1 »

Minimal static shaft safety factor min!

Minimal bearing modified reference life minLi [713145 | h Minimal static safety for bearings (150 17956) min! |16.7381 69.4413
maxSigV 843093 MPa Maximal displacement in radial direction maxL [0.0198454 | mm Maximal displacementinx  maxUx |0.0325731 mm

Green: Results are valid

Minimal dynamic shaft safety factor min!

Maximal equivalent stress

Figure 43

10.2 Results

Results are available in different outputs. There is the default result overview on the bottom of the user inter-
face (figure 43), an overview of bearing forces and natural frequencies, several graphics and the editable re-

port.
File Calculation Report | Graphics = Extras  Help
Shaft stresses ., [ H ‘uﬁ I g CAD k
—Simple Shaft 01 sigZ o & Deflection
9 T Simple Shaft 01 sigB Deflection (radial)
o = dimoll Shat T Shaft angle v System
7 ¢ Simple Shaft 01 tauC} ~ Shafts Rotation angle
T Simple Shaft D1 Forces
% i ~ Bearings Moments i
g4 P B1'Generic 208" Stresses H
A 3_'\_r E-.:——| Shaft forces Equivalent stress 1
Sirrpriey Shaft 01 Fre
2 14
. ” 7| —Simplefshaft 01 Fy | TEMPErature
T ! —Simpldthait 01 F2 | Campbell diagram
TS et s SRESSRE S & Geometry 3D
- - = Geometry 3D (deformed)
Position [mm] i i o Geometry 3D (animated deformation)
Harmanic response e e S : 0 9
— R R E o 2R 8o r— 1 eometry 30 (animate
s Radialley | 2 &= 2 & 9 & 2 & TN - —
20 al1v T = Mode shapes 2D L4
225 _F.ach;I ", [sition [mml . _ Maode shapes 3D »
g 200 MJt II—.__'[_:I | ) e ~ | Harmonic response over speed 3
= 175 ~ ft=] =
i 150 TS0E RS 5 E 'g E ‘§ E 'g 'E '§ r‘a Harmenic response over time 3 |
T 125 Harmonic response 30
S ng Position [mm] Bearing system reliability
50 Bearing overviews 3
25 Bearings 3
ETLTTS 5 £ & £ £ £ &
58228288 8¢8:
Figure 44
Speed [rpm]
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File Calculation Report Graphics Extras Help

£l

System

v System
~ Shafts
Simple Shaft 01

v Bearings
B1 - fixed 'Generic 6208'
B2 - floating ‘Generic 6208'

v

«E<*BbodbY B

]
0.00

0.03
0.12

052
m

-0.92
-1

0.00
0.00

] Fx[N] Fy[kN] Fz[kM] Fr[kN] Msx[Nm] My [N

0.06

-0.00

seus

sBujieag | suopseg

sapausnbaiy

Mame L1oh[h] Lomh[h] L10th[h] Lomrh[h] pmax [MPa] SOeff pmin [M Pdeff [nm] Paeff [mm] Aa[7] Pref [kN]
~ Simple Shaft 01 v pmax
Bl - fixed 'Generic 6208' 361503 1759221 355524 74752 152101 21.03 0.00 0.00 0.0¢
Iwalmg 'Generic 6208' 205348 748373 198794 713145 164158 1674 0.00 0.01 015 | pmin
¥ w_spin/uw_roll
. . . . . v Ab_circ
=) | \ith a right mouse click on this field, ATt
¥ Kk
complementary results can be intro- # o pett paet
i 5 ot
duced where required: W @
pFitShaft
Figure 45 < elR i elR e
¥ Pref Il
v du
- For example, it can be seen that the non-locating bear- v |
. . . . . ¥ FrMr
ing function is working correctly, given the fact that I wmmes . 0

bearing B2 with Fx = 0 is completely axially unloaded
(fig. 45).

mmm) Have a look also at the other results and the additional tabs as shown in figure 46:

MName n[rpm] FT[Mm] FP[kW] minL10rh [h] minLnmrh [h] pmax [MPa] minS0eff maxSigV [MPa] SD 5§ maxlr [mm] mass [kg] centerMass [mm]  hxx [kg m? Jyy [kg m =z [kg m?] E
Welle 1000 - 198794 713143 164158 16.74 849 69.44 99.99 0.02 3.09 17297 0.0010 0.0212 0.0212 E
Name Type x[mm] 5D 55 Fx[kN] Fy[kM] Fz[kMN] Wx[MNm] My[Nm] Mz[Nm] wx[mm] uy[mm] uz[mm] oc[mrad] ry [mrad] =[] o
v Simple Shaft 01 £9.44 00,90 2
Shoulder with relief greove Shoulder with relief groove 233 69.44 99.99 0.000 1.102 -0.116 0.000 1.051 9.761 0.0325  -0.0155 0.0016  0.0000 0.0002 0.2585 =
MNumber f[Hz] f[1/min] D-1 Type g
1 20.0296 120177 0.0479399 Torsional 'Simple Shaft 01 -
2 143.163 8589.79 0.218533 Aiial ‘Simple Shaft 01' o
3 1047.83 62869.6 0.0666211 Radial ‘Simple Shaft 01' 2
4 1264.28 75856.7 0.0256523 Radial ‘Simple Shaft 01' B
5 130046 78567.7 0.0578778 Radial 'simple shaftor ~ Note: Contents are visible here if examination of frequencies is selected. °
6 1591.64 95498.3 0.0782232 Radial 'Simple Shaft 01'
7 24735 148410 0.059286 Radial ‘Simple Shaft 01' E)
8 2517.23 151034 0.0644119 Radial 'Simple Shaft 01' E
9 5110.1 306606 0.0978351 Radial ‘Simple Shaft 01' E
10 5133.55 309213 0.100553 Radial ‘Simple Shaft 01" 2
Figure 46
10.3 Report
10.3.1 Main Report
Using the toolbar button or menu 'Report'/'Show Report', a report for . cmomon B crericc e Help
the shaft calculation is generated which only gives an overview for the =1 lE= F6
bearing results. There is also 'Report'/'Full report’ which is generating a  [sysem (=1 Print report
. . Save report as
full report with results of the shaft calculation and the full reports of the |v System i
. . v Shafts w¢ Report options
bearing calculations. SimpleS  Report templates 3
~ Bearings
B1'Gene Save special report as.. ]
B2 'Gene Full repart
Critical frequencies
Figure 47 Result tables _:(
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10.3.2 Report options

In the menu 'Report'/'Options' the contents of the re-
port can be configured. The graphics to be included
can be selected and some sections of the report could
be discarded if not of interest. The legend for all the
table parameters can be shown in the report.

Figure 48

) Repori options

Shafts  Bearings  Ball screws
Please select the contents for the report:
Graphic: Displacement

Graphic: Moments

[ Graphic: Campbell diagram

Graphic: Gear line loads

Graphic: Gear relative displacement
Include load spectrum details

[ Include details for strength calculation
Include legend for tables

Show standard bearing results table

Include bearing reports in full report
Include ball screws reports in full report

Include gear reports in full report

Graphic: Forces

Graphic: Stresses

Graphic: Mode shapes

Graphic: Gear gap width

Graphic: Gesr flank modifications
Include support displacements

Include mass properties

[ Include measurements in shaft graphics

[ Show custom bearing results table

10.3.3 Report format File Calculstion | Report | Graphics Extras  Help 8 savets
The report can be H "R 5 2 || « Mesys » Software » Tutorials » Beginner » Mesys Files
| S :
saved in .docx format, @ Prit repont i DO .
. . Systemn i B Desktop ~ # ~  Name Date m
forinstance, allowing (075 . i 3 Downloads # u.
ey o items mf
further processing. v Shafts @ Report options il
Simple 5 Report templates 4 Altuelle Datend,
¥ Bearings Beginner v
Bl 'Gene Save special report as... »
i File name; | report.pdf
B2 'Gene Full report Save as type: [PDF (".pdf)
Critical frequencies Egz‘;f::]c)
e A HideFolders
Figure 49 T Figure 50 e o
The logo in the report can be configured in 'mesys.ini'. See MESYS Shaft Calcultion 122024
File name: C:/Usersfxo/Mesys/Software/Tutorials/Beginner/Mesys

Configuration with INI-File. Further information on this can

be found at appropriate page in the Manual.

Figure 51

10.3.4 Report Tables

reportaxsx - Excel
Acrobat

PDF-XChange

Shaft Calculation

Mmesys

Files/Beginner Simple Shaft 01 - step3.mSHAFT
Beginners Tutorial

Beginner Simple Shaft 01

03 December 2024

Project name:
Descriptian:
Date:

0

Was michten Sie tun?

In the menu 'Report'/'Result ta-

Seitenlayout  Formeln  Daten  Uberprifen  Ansicht  Entwicklertools Q 1 ose s .
% o i - Eysngeromaen B - 20 | 0I€S) itis possible to output the re-
Ba - [ s . | ®Bxis . . P & & . .
e o A e | 2w e SUlt data by means of matrices (fig-
S ~ T W <8 [ Zellenformatvorlagen~  [EFormat~ | & - erstellen und Freigeben von
Zwischenablage & Schriftart (7 Ausrichtung U Formatvorlagen Zellen Bearbeiten Adobe Acrabat ure 52).
A3 - 1
A B C D E F G H I 3 K L M
. Bearlngstlﬂ’nes-s L) File Calculation Repoll: Graphics Extras  Help
2 |B1-fest(Generic 6208) -
3 | Jux [um]  uy[um] uz[um] ry[mrad] rz [mrad] Fx [N] Fy [N] Fz [N] My [Nm] Mz [Nm] | = H L.] Show report F6
4 |Fx[N] 3.32011 -9.36438 0.13058 2.37464 79.1575 ux [um] 4.99918 0.0244 0.00815 -5.45274 -191.114 Sytem & Print report
5 |Fy[N] -9.36498 116.4 -1.45514 -2.04036 -226.458 uy [um] 0.02488 0.01113 0.0004 -0.112 0.27242 Save report as
6 |Fz[N] 0.1306 -1.45514 71.6892 145.094 2.04036 uz [um] 0.00812 0.0004 0.0204 -3.13602 -0.22788 ¥ System
v Shafts ¢ Report options
7 |My[Nm] 0.00241 -0.00208 0.14736 0.94654 0.04104 ry [mrad] -0.00554 -0.00011 -0.00319 1.55081 0.17424 -
8 |Mz[Nm] 0.08036 -0.23009 0.00208 0.04104 2.04061 rz [mrad] -0.19395 0.0003 -0.00023 0.17411 8.0433 Simple 5 Report templates L
9 |B2 -lose (Generic 6208) v Bearings = -l 5
10 ux[um]  uy[um] uz[um] ry[mrad] rz [mrad] Fx [N] Fy [N] Fz [N] My [Nm] Mz [Nm] B1 IGEHE VE Special 1Eport 3s-..
11 |Fx[N] 2.94889 0.00433 -0.00935 7.57775 72.356  ux[um] = 6.87217 -0.00184 -0.00058 -23.4483 -259.894 B2 ‘Gene Full repart
12 [FvINl __ 0.0043: 23.931 -4.60453 0.12204 -0.99832  uviuml _-0.00236 0.00809  0.0005 0.00774 0.09363 | Critical frequencies
« w | Rolling bearings | Bearing stiffness matrices | Sections | Shaftgeometry | shaft1 | & | X
Result tables
Beret 2 H Hf=: = 1 L
Figure 52 Figure 53
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Result tables by means of matrices with detail results for bearings can also be opened (fig. 54) via context with
a right click on the bearing in the system tree.

12

4k Global results Bearing stiffness matrix

[Z]
=

Bereit

R1 > f
A B 5 D E F G

1 |Results per rolling element

2 |LoadCase Bearing Row Ball il Qi [N] Qe [N]

3 1 1 1 1 o 0 0.308234
4 1 p i p i 2 40 0 0.308203
5 p o 3 1 3 80 0 0.308023
6 p ! bt Pt 4 120 229.78%1 230.087
7. 1 1 1 5 160 527.5244 527.8323
8 b b bl 6 200 465.6562 465.9641
91 1 1 1 7 240 119.9481 120.256
10 p ! bt bt 8 280 0 0.308069
11 1 1 1 3 320 0 0.308234

Rolling element results

H I

Fc[N]
0.308294 0
0.308203
0.308023
0.307909
0.307367
0.307875

0.30792
0.308069
0.308234

oo eoloeooo

J K

0 115.7739

0 115.7625

0 115.74
1244.395 1050.17
1641.582 1385.015
1574.721 1328.638
1001.95 845.9113
0 115.7458

0 115.7664

Tolerance report ... ()

L

0

o

o
1244.395
1641.582
1574.721

1001.35

=)

0

M

115.7739
115.7625
115.74
1050.17
1385.015
1328.638
845.9113
115.7458
115.7664

N

Mg [Nm] pi[MPa] pe [MPa] piTrunc [\ peTrunc [1ai[?]

1.158905
0.986913
0.591525
0.082801
0.033584
0.032543
0.096278
0.606552
1.000856
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Figure 54

10.3.5 Tolerances Report

Bearing c

File Calculstion Report Graphics Extras Help
BYEe
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System =}
= General Bearing geometry
~ System
v Shafts ™ { - WL
Simple Shaft 01
v Bearings 1t AG
B1 'Generic 5208'
B2 'Gene ~ ~mom
Show Report
Show Tolerances Report
rd Show Result Tables
.
' Parameter Variation
Thermal permissible speed
Grease operating life
Figure 56 Copy from

Figure 55

Let us now return to the practical content of this exercise. The question
is now mature to understand if our chosen fits are the right ones for
the intended speed and temperature.

A special report for tolerances can be created by right-clicking on 'B1'
or 'B2' (Fig. 56). If a rolling bearing tolerance, radial or axial clearance is
assigned under 'System'/'Shafts'/'Bearings'/B1 or B2 in the 'Bearing ge-
ometry' tab (refer to figure 29), pressure and interference of the bear-
ing seats and resulting bearing clearances for Min, Mean, Max, and
Probable can be output. If you want to print the 'Full report' (Figure
47), the information mentioned above is already included.

So let's see what the interference looks like at the bearing seats and what residual clearance is left on B1, taking
into account the selected fits of ISO tolerance grades 6 / 7 (refer to figure 29), centrifugal force and temperature:

- Print the tolerance report for B1.

Table 1
Properties for different clearance Minimum |[Minimum probable Mean value |Maximum probable Maximum |Unit
Nominal diametral clearance Pd 6.00 7.99 13.00 18.01 20.00 L
[Tolerance shaft \ds 18.00 15.71 10.00 1.29 2.00 [
[Tolerance bearing inner ring d -12.00 -10.29 -6.00 -1.71 0.00 LLm
Interference inner ring Wi 28.40 24.40 14.40 4.40 j0.40 Lim
Effective interference inner ring w_iop [28.39 24.39 14.35 4.29 0.39 L
Pressure inner ring pFRit_i  |20.14 17.30 10.20 3.11 0.28 MVPa
[Tangential stress inner ring Eigh i 101.64 87.33 51.55 15.77 1.46 MPa
Mounting force inner ring (pfit=0.1) Ffit i J4556.3 3913.7 2308.2 704.3 63.1 M
[Tolerance bearing outer ring D 0.00 -1.56 -6.50 -11.44 -13.00 Ly
[Tolerance housing ADh 0.00 3.59 15.00 26.41 30.00 L
Interference outer ring w_e -1.60 -6.73 -23.10 -39.45 -44.60 L
Effective interference outer ring w_eop |-1.60 -6.75 -23.10 -39.45 -44.60 [
Pressure outer ring pFit_e  |0.00 0.00 0.00 0.00 0.00 VPa
Ta_ngentl'al stress outer ring kigt & ]0.00 0.00 0.00 0.00 0.00 VPa
Mounting force outer ring (pfit=0.1) Ffit ¢ 0.0 0.0 0.0 0.0 0.0 N
Change of diametral clearance \Pd -15.24 -13.66 -5.76 -5.86 -0.28 [
Effective diametral clearance pdeff |-13.24 -5.67 3.24 12.15 19.72 L
Effective axial clearance Paeff | - 75.80 146.46 186.23 LLm
Effective free contact angle j0eff  |0.00 0.00 1.89 9.48 12.09 B
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It can be seen in Table 1, that the interference at the inner ring under 'Effective Interference inner ring' is still
positive even in the worst case (Maximum). On the other hand, the residual radial clearance is no longer suffi-
cient even at Minimum probable!

It should also be taken into account that the inner ring rotating under rotary load will probably experience a
temperature higher than 20°C.

¥ System
~ Shafts
Simple Shaft 01
~ Bearings

- Change temperature of shaft to B1 ‘Generic 6208
B2 'Generic 6208'
25° C.

General = Geometry Loading  Supports  Sections  Settings

General

Name |Simple Shaft 01 |

. Material 42CrMod ~ w
Change the radial clearance to
Position X 0 mm
class C3 for both bearings. o ot [ s
Figure 57 Temperature I 25 “C
System .
General =~ Bearing geometry | Bearing configuration  Material and Lubrication ~ Loading  Track roller
~ System
v Shafts Deep groove ball bearing ~| || | Select bearing from database v
Simple Shaft 01
v Besings Inner diameter d mm | [ Dynamic losd number cr [2573s KN
Lo o [ [ mm [15]  Stetic load mumber cor [15:0028 | i
B2 'Generic 6208 . -
Manufacturer p— difmm] De [mm] Blmm] CLkN] CO[NI nmax Oflfrp ~| Foi9ue oad fimit cur [paerss ]
25:‘,35 15.91}28 _ Bearing clearance 1505753 - CN v
Diametral clearance i
35 n 17 225206 135357 |0 User input as operating clearance
Bearing tolerance User input
32 65 17 176079 (104249 0
el User input as range
Generic 6206 30 62 16 176031 102484 |0 1505733 - C2
Surface roughness shaft 1505733 - CN
Generic 62/28 28 58 16 146793 8.09764 O 1505733 - C3
. Shaft d ete -
Flgure 58 Generic 6205 25 52 15 126793 7273 [0 F:( e ::g:;:é:
o housing
- Run the Tolerance Report again.
Table 2
Properties for different clearance Minimum_[Minimum probable Mean value |Maximum probable Maximum _[Unit
Effective diametral clearance Pdeff [8.33 0.34 10.15 19.96 28.64 Hm
Effective axial clearance Paeff | 24.61 133.94 187.32 223.82 m

It can be seen in Table 2, that an internal clearance C3 could prevent radial preload. However, it should be noted
that the temperature gradient is usually not known exactly and that this clearance design should be checked
again in practice!

11. Analysis
11.1 Bottom result window Figure 59

&

Result overview

Minimal bearing reference life minL10h [174263 | b Minimal bearing modfied reference life. minLnmrh h Minimal ststic safety for bearings (50 17956) minSoeff [15.7913 Minimal dynamic shaft safety factor minsD (694045 |
Minimal static shaft safety factor minSS Maximal equivalent stress maxSigV |8.49414 MPa Maximal displacement in radial direction maxUr |0.0239788 mm Maximal displacement in x maxUx |0.0486353 mm

Above tooltip window shows significant results of the simulation such as minimum modified reference life,
structural safety factors, equivalent stress and maximum axial and radial deviation from deformations of the
shaft.

11.2 Lower results window

Name L10rh [h] Lnmrh[h] pmax [MPa] SOeff pmin [MPa] Pdeff [um] Paeff [mm] Ao ["] Pref [kN] Fxc[N] Fy [kN] Fz[kMN] Fr[kN] Mx[Nm] My[Nm] Mz [Nm] Mr[Nm] w[mm] uy [mm] uz[mm] ur[mm] mmrad] ry[mrad] z[mrad] (]
v Simple Shaft 01
B1 - fixed 'Generic 6208 306782 1368890 155284 1976 0.00 1015 013 0.01 0g7 7500 -0.92 0.03 092 0.00 0.07 193 193 0.0340 -0.0167  0.0005 0.0167 -0.0098 -0.0938 03244
B2 - floating 'Generic 6208' 174263 586842 1673.77 1579 0.00 9.01 0.13 000 118 000 -1.11 0.12 111 0.00 -0.00 0.01 0.01 -0.0019 -0.0188 0.0017 0.0189 -0.0001 0.0764 0.2626
Figure 60

-> The values for Hertzian pressure (pmax) are at a reasonable level
-> The effective mean radial clearance (Pdeff) has a positive value
->The tilting (rr) is well within the permissible values specified by manufacturers
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-> The modified reference service life (Lnmr) is at a particularly comfortable level

11.3 Graphics

It is possible to analyse the application in depth using graphical represen-
tations of numerous shaft and bearing parameters.

Shaft deflection

B2: Contact angle

— Simple Sha
005 SRTE Shaft Oy
0.04 7 Campbell diagram
E 0.03 P - —
£ s -
5 = A e
g om el |
[=1 bt = = Ene
o7 B B1: Contact angle
001~ & -
oot B ® »
o ~Limit i T
= - imit (inner) o

Shape (]

~Limit (outer)

Cantact angle [*]

Tinner race
* Limit {inner}
- Lirhit (outer)

File Calculation Report | Graphics | Extras Help

---:ng'h CAD

= Deflection
em
:St Syshi flection (radial)
ern
K4 Shafts Rotation angle
Simple Shaft 01 Forces
v Besrings st
B1 "Generic 6208 St

B2 ‘Generic 6208'
Equivalent stress

Temperature
Campbell diagram
Geometry 30

Geometry 3D (deformed)

Depth [mm]

Position [mm]

Position of ball [*]

Positien of ball [F]

Subsurfac

0 R
-0.025 - ia

-0.05 *
04075 : 5

-04 : guter

0125

-015
.17 3

02 3 i
B g S /AP :

B e e R/ e R
0275

5

e stress

—stress, innenrace Geometry 3D (animated)
tdness depth inner race Mode shapes 20
& strength, inner race
Jd Wess, fnner rdce Mode shapes 3D

Harmanic response

Harmonic response ove
Harmonic respo
Bearing system reliability

Bearing overviews

Bearings

maximal shear

Geometry 3D (animated deformation)

stress [MPa]

11.4 Load Spectrum
Another method of analysing application behaviour is to consider different conditions or load states. Work with
load spectra under such conditions.

If the flag for the calculation with load spectrum is set on the 'System' page, an additional item titled load spec-
trum is shown in the system tree.

Figure 61

1= H G

System =

v Systern
Load spectrum
~ Shafts
Simple Shaft 01
“~ Bearings
B1 'Generic 6208'
B2 'Generic 6208'

Figure 62

=

MEsYs

Shaft Calculation

Project name |StarterTu‘toria|

Caleulation description |Beginner Simple Shaft 01

Settings Lubrication Display settings
Consider weight

Angle for weight

Calculate natural frequencies

[ Consider gyroscopic effect

Maximum frequency

Number of frequencies

[ Consider dynamic loads in static equilibrium
Consider gears as stiffness

[ Consider gears as point load

[ Consider housing stiffness

Gear is load only

Meres

1| Housing material
Housing temperature
Required life

'| Bearing reliability
Strength calculation

o Bearing position

Shear deformations

w D Consider nonlinear shaft model

Consider load spectrum

Calculate modified bearing life

Ste

‘ Activate the load spectrum mode via the corresponding field.

Under this setting, you have the option of loading the variable parameters into the table via the context menu
and then assigning values to them, as demonstrated in following figure 63:
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13} Parameter varistion

GenersteList  Optimization

Parameter list

Graphics 1 Graphics 2 Settings

Parameter

Start value End value Number of steps

S1.T[°C] (Shaft 1 'Simple Shaft 01' Temperature) |20 30 10

ax [m/s"] (Global acceleration in x)
ay [m/s"] (Global acceleration in y)
az [m/s%] (Global acceleration in z)
oilTemp [*C] (Oil temperature)

housing_Temperature [...(Housing temperature)

51.n[rpm] (Shaft 1 'Simple Shaft 01' Speed)
S1T[C] (Shaft 1'Simple Shaft 01' Temperature)
51x [mm] (Shaft 1 'Simple Shaft 01' Position)
B1.frictionCoefficientFit... coefficient for fitting)

B2 frictionCoefficientFit... coefficient for fitting) v

Additional rules

Parameter

Start value End value Based on

® 0=

b 11

Calculate Report Close

MESYS AG
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B2 'Generic 6208

File Calculation Report Graphics Extras  Help
| = H g | I \::‘d
ffﬁ:":tem - Camment Frequency il [°C] THousing [*C] n [rpm] TrQ Fx [N] Fy [N] Fz[N]
d Load spectrum Simple Shaft 01 | Simple Shaft 01 | Simple Shaft 01 | Simple Shaft 01 | Simple Shaft 01
¥ Shatts General General Axial Radial 1 Radial 2
Simple Shaft 01 e ik . oo
~ Bearings 1 stop 0 20 20 ] 20 ] 0 ]
B1 - fixed 'Generic 6208
B2 - floating 'Generic 6208' 2 idle cold 0.2 20 20 1000 20 0 0 0
idl 0.2 60 25 1000 30 0 0 0
The 'Comment' .3— i
. 4 load 0.6 70 25 1000 32 75 -2000 130
fields can be P v
freely labelled. Furthermore, the load spectrum ele- “/ ";"‘Pj“’““‘ b i:_”‘:’ﬂ‘ &
0 ow 13l x
ment can also be calculated sepa- ' Hide Al Radial 1 v
=) rately if the corresponding selection ::‘“:'Ed ' ?
- TIXe z
has been made at the bottom of the B2-floating » Mk
. My
Figure 63 load spectrum window. I %
[1 Run calculation for result element only Result element g =
Y
- Enter the load spectrum according to the contents in Fig. 63.
- Calculate the shaft using the corresponding button.
- Evaluate the results in the lower results window.
- Deactivate the load spectrum mode. ‘ [ Consider load spectrum
11.5 Parameter Variations Figure 64
Using the menu point 'Calculation'/'Parameter variation' a dialog | e | calculstion Report Graphics Extras Help
for parameter variations is shown. It allows the user to do pa- @) Calculate £5
rameter studies with results provided in tables and graphics. :
Typical applications are for example visualizing life over clear- |2t arameter variation
ance, displacement over load or as shown here in the following, |¥ %  Parametervariation (statistical)
. .. . i
clearance over temperature. An optional optimization max., Frequency response
. . . . . _'rrrrr’.rrl: 2TrareroT
min. for parameter is available too. Further general information v Bearings
on parameter variation can be found in the Manual. B1'Generic 6208'

One or more parameters can be configured in
'Generate List'. These can be supplemented

with

'Additional Rules'.

Figure 65
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0 Parameter variation o x Under the 'Parameter list' tab, the re-
Generate List ~ Optimization Parameter list  Graphics 1 Graphics 2 Settings qUIred parameter reSUItS based on the
: given parametrization can now be cho-
S1.T[°C] BllweOp[mm] B1.lwiOp[mm] B1.Pdeff [mm] %
1@ oo ootsess  oowmm Inputs , = sen via the context menu.
2 2 -D.o2n 0.0143841 0.0134198 T u
/ . Be ‘3.‘ | 3
3 |2 -0.0231 0.0143942 0.0126019 ‘I‘ Bearing 2 ‘B2 b iy
4 B -0.0231 0.0143844 0011784 Shaft 1 'Simple Shaft 01" ¢ =
' Inputs...
5 24 -0.0231 0.0143945 0.0109661 Retlts
6 25 -0.023 0.0143847 0.0101482 Show all inputs
7 2% -0.0231 0.0143049 0.00933026 Hide allinputs
Show all results
8 27 -0.0231 0.0143951 0.00851236 Hide all resulis
9 28 -0.0231 0.0143932 0.00769445
10 29 -0.0231 0.0143934 0.00687635
11 30 -0.0231 0.0143938 0.00605864
S 11 (=R (o (= Calculate Report Close Figure 66
Parameterisation of the shaft tempera-
ture (Fig. 67) to analyse the radial clear- E —B1.wiOp — 51 Pdef
ance and the effective mean interfer- | = 004 -
ence Shaft / inner ring. £ 00MseT E
5 TO: 2
£ po143952 g
£ 10012 S
s 0.014395 + g
g Too £
£ 0014343 T 3
E Too1  E
o o
£ 00143945 T i
e 10009 3
T 0030 T =
£ toong @
= 00T o
= 10007
£ 0.014394 1+ =
= 2 = & & 2 8 2 &K 2 =2 =
Figure 67 Shaft 1 'Simple Shaft 01' Temperature [*C]

- Perform the parameter study shown in 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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