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1. Software Version
This tutorial was created with MESYS Shaft Calculation version 12-2024, dated 07/12/2024.

2. MESYS Shaft Calculation Package – Strengths & Capabilities

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:

3. Software Manual
3.1 Manual online & under F1

In addition to the Online ad-
dress via the MESYS download
page, the software manual can
also be accessed via the user in-
terface by selecting the 'Help'
menu under 'Manual F1':

At any point – you can open the
Software Manual locally with
specific content directly via
your keyboard F1.

Figure 3

Figure 1

Figure 2

https://www.mesys.ag/?page_id=1247
https://www.mesys.ag/?page_id=1247
https://www.mesys.ag/?cat=21
https://www.mesys.ch/manual/index.html
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3.2 Manual as PDF
The Software Manual can also be found in
all current languages as a pdf in the MESYS
installation directory (fig. 4).

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

MESYS provides a placeholder for a Shaft in the 'System'-Tree. under
'Shafts' as standard. This Shaft can now be further defined in the main
window.

The project for Shaft Calculation
can be given a name and a de-
scription under 'System'.

Assign an example name
to the project.

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.

Figure 5

Figure 4

Figure 6

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

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

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

Figure 8

Figure 7

The value for Posi-
tion X = 0 mm indi-
cates, that the shaft
geometry starts axi-
ally at the coordi-
nate origin.
The temperature is
a value in °C on
which the shaft is
based by default.

The topics 'position'
x, 'temperature' or
'material' shall not
be considered yet at
this point.
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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:

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

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.

Figure 9

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.

Figure 10

Figure 11
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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 (βw).

The angle is defined trough x-y-plane, a rotation around
z-axis. A value of zero results in a weight in the direction
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.

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

Figure 14

Figure 13

Figure 12

After entering -90° for βw, we should obtain the following arrow
direction for the weight force in the graphics window:
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5. Loading
5.1 General

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'.

Figure 16

Figure 15

A variety of load types can be found under
the ‘Load’ tab in the bottom right-hand
window for ‘Shaft’ (‘System’ tree). This also
includes gearing or dynamic loads.

This creates an entry for a force entity and its
position, which is yet to be defined in more
detail.
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The shaft should now appear to us as shown in the following Figure 19:

The force vectors can be defined on the bottom right-
hand side of the main window. Let us load the shaft with
a radial and an axial component as follows.

Figure 18

Enter the forces as shown in the sequence.

Figure 17
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By selecting 'Shafts' in the system tree, the display of the force vectors can also be switched to 3D:

6. Supports
6.1 General

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.

Figure 19

Figure 21

All types of supports can be found under the 'Sup-
ports' tab in the main window for ‘Shaft’ (‘Sys-
tem’-tree). This also includes rolling bearings.

Figure 20
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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.

Figure 22

Figure 23

It can be seen that Rolling Bearing Calculation has automatically
taken the project name from 'System'. For now, let's skip the bear-
ing boundary condition settings found under the 'General' tag.

Select 'Shaft' in the 'System' tree, assign a bearing at
the bottom right with '     'and select the type 'Rolling
bearing' in the dropdown next to it.
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Go to 'System'/'Bearing' and
open tag 'Bearing geometry'.
From the large selection of bear-
ing types via the left dropdown,
we select 'Deep groove 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.

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
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.

Figure 26

Figure 24

Figure 25

Select ‘Select bearing from database’ in
the right-hand drop-down menu and fil-
ter the inner and outer diameters d = 40
and D = 80 mm on the left-hand side to
find the deep groove ball bearing ‘ge-
neric’ 6208, as shown in Figure 26.
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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'.

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.

Shift & left
mouse

Let's name this first one defined as a fixed bearing sup-
port ‘B1 - fixed' and position it at x = 70 mm.

Figure 27

Figure 28

Position B2 on the far right and bring it into a clean alignment
with the right shoulder of the 6th outer segment, using the left
arrow-button '       ' for the position in the window at the bottom
right.Figure 28
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The rolling bearing editing window shown above (fig. 29) can alternatively be
opened via the '      ' - 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).

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.

Figure 29

Figure 30 Figure 32

Figure 31

B1 clearance shall be CN and the pre-
cision class P0, while k6 & H7 are fur-
ther assumptions at a roughness Rz of
4. Furthermore, we assume a housing
diameter 'dhe' of Ø 90 mm.
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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

The method for shaft strength calculation can be
selected under System, in 'Settings'-tab on right
side. Currently, DIN 743 (2012) is available. It can
be selected if the calculation should be done con-
sidering infinite or finite life. For finite life the
number of cycles is calculated using the input for
'Required life' H.

For more information about sections please refer
to Software Manual specific content.

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 6th

outer segment, as shown on the right.

Please uncheck the boxes for axial support to the left
and right for B2.

Figure 32

Note: This analysis needs the extension for DIN 743.

Figure 33

Figure 34

Please also note that the graphical representation of
B2 now shows the axial degrees of freedom, as the
lateral blocks have been removed.

https://www.mesys.ch/manual/strength_calculation.html?q=Festigkeitsberechnung
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As the strength calculation requires a clear material definition, we will select one from the database (fig. 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.

Therefore, go to ‘System/Shafts/Simple Shaft 01’ and assign under the ‘General’ tab the material
42CrMo4 as an assumption  to the shaft.

Go to ‘Simple Shaft 01’ in the System-
tree and choose the type of sectional
view in the ‘Sections’ tab. Let's select
‘Shoulder with relief groove’, insert
the ‘Position’ on X = 255 mm and ac-
cept the suggested remaining input
sizes.

Figure 35

Figure 36
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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:

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)!

Figure 38

Figure 37
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9.2 Geometry

9.3 Material

9.4 Temperature

9.5 Lubrication

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 1st calculation step.

Figure 39

Geometry is
connected

Material is
connected

Temperature
is connected

Figure 41

Figure 42

Figure 40

Lubricant is
connected
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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:

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.

Figure 44

Green: Results are valid

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.

Please check for the green tick at the bottom right, which confirms the consistency of
the calculation.

Figure 43
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For example, it can be seen that the non-locating bear-
ing function is working correctly, given the fact that
bearing B2 with Fx = 0 is completely axially unloaded
(fig. 45).

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

10.3 Report
10.3.1 Main Report
Using the toolbar button or menu 'Report'/'Show Report', a report for
the shaft calculation is generated which only gives an overview for the
bearing results. There is also 'Report'/'Full report' which is generating a
full report with results of the shaft calculation and the full reports of the
bearing calculations.

Figure 47

With a right mouse click on this field,
complementary results can be intro-
duced where required:

Figure 45

Figure 46

Note: Contents are visible here if examination of frequencies is selected.
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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.

10.3.3 Report format
The report can be
saved in .docx format,
for instance, allowing
further processing.

The logo in the report can be configured in 'mesys.ini'. See
Configuration with INI-File. Further information on this can
be found at appropriate page in the Manual.

10.3.4 Report Tables
In the menu 'Report'/'Result ta-
bles', it is possible to output the re-
sult data by means of matrices (fig-
ure 52).

Figure 55

Figure 49

Figure 48

Figure 53

Figure 50

Figure 51

Figure 53

Figure 52

https://www.mesys.ch/manual/configuration_with_ini-file.html?q=Konfiguration+mit+INI
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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.

10.3.5 Tolerances Report
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:

Figure 55

Table 1

Figure 56

Print the tolerance report for B1.

Figure 54
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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.

Run the Tolerance Report again.

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

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

-> 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

Change the radial clearance to
class C3 for both bearings.

Figure 57

Figure 58

Figure 59

Figure 60

Change temperature of shaft to
25° C.

Table 2
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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.

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.

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:

Figure 61

Figure 62



MESYS AG Shaft Starter Basics 24 / 25

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.

11.5 Parameter Variations
Using the menu point 'Calculation'/'Parameter variation' a dialog
for parameter variations is shown. It allows the user to do pa-
rameter studies with results provided in tables and graphics.
Typical applications are for example visualizing life over clear-
ance, displacement over load or as shown here in the following,
clearance over temperature. An optional optimization max.,
min. for parameter is available too. Further general information
on parameter variation can be found in the Manual.

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

Figure 64

The 'Comment'
fields can be
freely labelled. Furthermore, the load spectrum ele-

ment can also be calculated sepa-
rately if the corresponding selection
has been made at the bottom of the
load spectrum window.Figure 63

Figure 65

https://www.mesys.ch/manual/parameter_variations_1.html?q=parameter
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Under the 'Parameter list' tab, the re-
quired parameter results based on the
given parametrization can now be cho-
sen via the context menu.

Parameterisation of the shaft tempera-
ture (Fig. 67) to analyse the radial clear-
ance and the effective mean interfer-
ence Shaft / inner ring.

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 .

Figure 66

Figure 67

mailto:info@mesys.ch
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