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Calculation software for 
mechanical engineering
The company MESYS AG in Zurich offers calculation software for 
mechanical engineering, custom software development as well as 
engineering services.

Roller bearing analysis

• �Load distribution
• �Life according to ISO/TS 16281
• �Influence of clearance, tilting angle,  

centrifugal forces, load spectra
• �Track rollers with elastic outer ring
• �Parameter variations

Shaft analysis

• �With integrated bearing analysis  
and nonlinear bearing stiffness

• �Strength according to DIN 743
• �Natural frequencies
• �Coaxial shafts
• �Load spectra
• �Parameter variations

Shaft systems

• �Coupling of shafts by gear pairs
• �Data exchange with gear calculations
• �Calculation of rotational speeds
• �Natural frequencies at system level
• �Load spectra and gear shifts
• �3D elastic housings and planet carriers

Axial-radial cylindrical  
roller bearings

• �FEM-based calculation for  
axial-radial cylindrical roller bearings

• �Consideration of the ring deformations

Ball screws

• �Calculation of the load distribution in  
ball screws under axial and radial loading 
as well as tilting moment.

• �Calculation of life analogous  
to ISO/TS 16281

• �Integration in shaft analysis
• �Parameter variations

The software is available for windows in either 32 or 64 bit  
version as well as for macOS. Both the user interface and  
reports can be switched between different languages.  
In addition to English, German, French, Spanish, Chinese  
and Korean are supported.



The bearing life calculation according to 
ISO/TS 16281 (2008) is the latest standard-
ized version of a bearing life calculation. 
The bearing life is calculated using the load 
distribution on each rolling element and is 
therefore not limited to an external force 
but can also consider tilting moments and 
the influence of clearance or pretension. 
For each of the five degrees of freedom 
either a load or a displacement/rotation can 
be specified. 
As with the classical calculation according 
to ISO 281 the influence of the lubricant in 
the life expectancy can be also considered. 

The software is considering 
the following effects:

• �Bearing clearance
• �Change of clearance through  

thermal effects
• �Change of clearance due to fits
• �Roller profile
• �Centrifugal loads
• �Life reduction due to reduced hardness
• �Lubricant and Lubricant film thickness
• �Load spectra
• �Bearing sets (of several bearings)
• �Hybrid or ceramic bearings 
• �Reliability
• �Elastic deformations of the outer ring for 

track rollers as extension module

As results you will get

• �The load distribution in the bearing
• �The Hertzian contact stress
• �The stresses below the surface for  

determining the required harness depth
• �The load dependent friction moment for 

ball bearings
• �The contact angle under load
• �The displacement and tilting of  

the bearing
• �The minimal film thickness
• �The spin-to-roll ratio
• �The extent of pressure ellipse
• �The load distribution in a set of bearings

Bearing calculation according  
to ISO/TS 16281
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Typical applications

Single bearing under tilting moment

Generally, the tilting moments are to be 
avoided on a bearing, but in track rollers or 
slewing rings the tilting moment can be the 
main load.
For roller bearings the influence of tilting on 
the load distribution or life can be checked. 

Sets of angular contact bearing

Angular contact bearings or often used in 
sets, but the load distribution between the 
single bearings is difficult to assess. 
Using the software the load distribution, life 
and stiffness can be calculated in depend-
ency on the pretension of the bearing set. 
The pretension can be individually set for 
each bearing.
This also allows the user to check if the 
pretension is large enough and whether the 
bearings get load in each load case or not.

Influence of clearance and pretension

The influence of bearing clearance and pre-
tension of bearing life and load distribution 
can be evaluated. The nominal clearance 
can be selected among the classes C2..C4 
according to standards or directly provides 
as a numerical value. The bearing tolerance 
class can be selected as P0..P2 and the tol-
erances of the shaft and housing according 
to ISO 286. It is also possible to specify the 
fits as numerical values directly. The change 
of clearance because of fits, thermal effects 
and centrifugal loads then determines the 
operating clearance.
With the help of the parameter variation, 
the influence of the clearance in the bear-
ing life and pressure can be clearly repre-
sented.

High speed

In most instances, the bearing inner race is 
higher loaded than the outer ring. For high 
speed this can change because of centrifu-
gal load. The contact angle will be changed 
too. 



Support of a planet gear using  
several cylindrical roller bearings

Planetary gears in planet gears sets can be 
supported using several cylindrical roller 
bearings. Using helical gears will lead to a 
tilting moment in addition to the radial load. 
This tilting moment has to be supported by 
the bearing set. The bearing clearance has 
an influence both on the tilting angle, which 
should be minimal for the gear contact, and 
on the load distribution within the bearing, 
in which the tilting should also be avoided. 
Here an example of the load distribution 
in a set of three cylindrical rolling bearings 
with different clearance is shown.

Slewing bearings with  
four point bearings

Different bearing types are used for large 
slewing rings: Four point bearings with 
one or two rows and roller bearings having 
three sets of rollers. 
The configuration with one or two row four 
point bearings can be analyzed using the 
software. 
Important results are the contact stresses, 
the friction torque, and the shear stress  
below the surface to determine the  
necessary hardness depth. 
Reduced hardness of the races will be 
taken into account according to NREL DG03 
guideline for the calculation of life and 
static safety.
The contact stress id calculated on all four 
(or eight) contact points. So you will see if 
and how often a 4 point contact occurs.
Several load cases can be considered in one 
calculation using load spectra.



Specialties for track rollers

In contrast to bearings whose outer ring is 
supported by the housing, no such support 
is available for track rollers. The load is in-
troduced on a point on the outer ring. The 
outer ring is deforming which is also the 
reason for usually stiffer outer rings as in 
normal bearings. 
The bearings analysis software extension 
for track rollers allows the definition of 
outer ring geometry and loading in radial 
and axial direction on several locations on 
the outer ring. The load distribution is then 
calculated considering the elastic deforma-
tions of the outer ring.
Multi-row bearings are supported. In the 
current version an elastic outer ring can be 
considered for radial deep grove ball bear-
ings, radial angular contact bearings, radial 
four point bearings and radial cylindrical 
roller bearings.

Effective load capacities

In catalogues for track rollers often reduces 
effective load capacities are provided, 
which are considering the different load 
distribution. They are calculated by the 
software in addition to maximal permissible 
radial load. It is important to consider that 
the loading should be considered at a loca-
tion of a rolling element for the calculation 
of load capacities, but between two rolling 
elements for calculation the maximal per-
missible radial load.

Geometry und loading

Outer ring geometry can be defined as a 
polygon and radii. Also unsymmetrical cross 
sections are possible. The second momen-
tums and the position of center of gravity 
are calculated or they can be provided by 
the user directly.
The loading of the outer ring can be speci-
fied on several locations: The only restric-
tion is a zero torque on the bearing.

Results

As results the same values as for rigid bear-
ings are calculated. Additionally, for track 
rollers, the effective load capacities, the 
permissible radial load, the stresses in outer 
ring and the deformations of outer ring are 
given as well.



MESYS Shaft calculation
The shaft calculation allows the calculation 
of displacement, forces, strength accord-
ing to DIN 743 and bearing life for several 
connected coaxial shafts. The MESYS Roll-
ing Bearing Calculation according to ISO/
TS 16281 is included in the software and 
the nonlinear stiffness of rolling bearings is 
considered.
Because of the nonlinear bearing stiffness, 
shafts with more than two bearings can be 
calculated with accurate bearing forces as 
result. Pretension of bearings can be con-
sidered. Combinations of angular contact 
bearings can be easily considered as bear-
ing set.
Shaft geometry can be defined using an 
arbitrary number of cylindrical and conical 
elements for inner and outer geometry. The 
geometry input is done using tables.

Loads can be specified as centrical or 
excentrical forces or as complex load ele-
ments like a gear.
Boundary conditions are some rigid con-
straints, springs, constraints with offsets, 
clearance and stiffness or a rolling bearing. 
There is no restriction in the number of 
loads or constraints. Also the housing stiff-
ness can be taken into account. Either as 
coupled stiffness matrix or by CAD-import 
of a housing.
Several coaxial shafts can be defined and 
connected by rolling bearings or general 
supports. Shear and axial deformations are 
considered, a nonlinear shaft model can be 
used optionally.

A parameter variation makes possible the 
automatic variations of preselected param-
eters and a graphical representation of the 
corresponding results.
Results are provided in a results overview, 
an additional table for bearing results, sev-
eral graphics and a PDF report which also 
includes graphics.

Load spectrum

A calculation can be run using load spectra. 
The elements in the load spectrum can be 
chosen from load elements, speeds and 
temperatures. Moreover, any single case 
belonging to the whole load spectrum can 
be run independently.



Strength calculation

Shaft strength can be calculated according 
to DIN 743 (2012). All notch factors of the 
standard can be selected in the software.
In calculations with load spectrum either a 
calculation for infinite life for each load can 
be run or a calculation with an equivalent 
amplitude according to DIN 743 part 4.

Natural frequencies  
and mode shapes

Natural frequencies are calculated consid-
ering bending, axial, and torsional modes. 
These modes can be coupled, like seen 
here for an axial mode (red) with a bending 
mode (blue), because of the bearing stiff-
ness.
Additional masses can be defined for each 
shaft. The gyroscopic effect can be con-
sidered and a Campbell diagram is also 
provided in the software. In addition to 
the 2D visualization, also a 3D animation is 
available.

Campbell Diagram  
and harmonic response

The speed dependency of natural frequen-
cies can be shown in a Campbell diagram. 
Axial, torsional and bending modes are 
shown in different colors for better under-
standing. The critical frequencies are shown 
in an additional report.
The harmonic response to periodic loads 
like unbalance is calculated and can be 
shown over speed or over time

Planetary gear on a flex pin

An example for the usage of several coaxial 
shafts is the support of a planetary gear 
using a flex pin. A pin is fixed in the planet 
carrier on the left side. On this pin there is 
a hollow shaft which is connected to the 
planetary gear with taper roller bearings 
in this example. A seen in the diagram for 
deflection, the gear stays horizontal and 
just moves horizontally because of the con-
figuration. Because of the centrical loading 
both bearings carry the same load. The 
axial load is introduced by contact angles of 
the bearing.



MESYS Shaft systems calculation
The shaft calculation can be extended to in-
clude the calculation of shaft systems. One 
one hand a version limited to parallel shafts 
coupled by cylindrical gears is available, on 
the other hand shaft systems with arbitrary 
direction coupled by planetary gear sets, 
bevel or worm gears are possible.
The rotational speeds of the shafts are 
calculated on the basis of the couplings. In 
a calculation with load spectrum it is only 
needed to define the input values; all the 
inner forces and rotational speeds are cal-
culated. Shift gearboxes can be taken into 
account by means of the so-called “Con-
figurations” in the software.  

The following results are available:

• �Rotational speeds for shafts
• �Torques in gear pairs
• �Safety factor for shaft strength  

according to DIN 743
• �Safety factors for gears (calculated 

through external programs)
• �Bearing life according to  

ISO/TS 16281 and ISO 281
• �Elastic curve and force diagrams  

in each shaft

Coupling by gears

Besides the existing input values for gears 
at the force element dialog under shafts, 
additional data fields regarding gear pairs 
are available at the connections page. 
Cylindrical gears can be considered as a 
line load with predefined mesh stiffness. 
The load distribution along the tooth width 
provides a clue on the necessary flank 
modifications, which can be undertaken in 
the software.
The gearing data can be exchanged with 
gear calculation programs. The safety fac-
tors are updated in the background during 
each calculation and are displayed at the 
results overview. The interface of the gear 
calculation programs accessed from shaft 
system calculation and all the correspond-
ing information is saved together the shaft 
system data.



Planetary stages

All the planets of a planet stage are consid-
ered in the calculation. Therefore, the sun 
can be centered by means of the planets. 
The load sharing among the planets arise 
from the loads, deformations and mesh 
stiffness.
Planet carriers can be considered as 3D 
elastic parts defined by parameters or by 
CAD import.

Positioning

Different conditions can be defined for the 
positioning of groups, shafts and gears. In 
this way the shafts can be automatically 
positioned at the proper distance in accord-
ance with the gearing data.

Configurations

The so-called configurations allow the user 
to activate and deactivate any coupling 
conditions previously defined. With this op-
tion the gear shifting of a gearbox can be 
simulated and considered. Each created 
configuration can be then selected in a load 
spectrum as if it was a load case.

Natural frequencies  
on system level

Frequencies can be calculated on system 
level too. Gear pairs lead to a coupling of 
axial, torsional and bending modes. Mode 
shapes can be animated in the 3D view.
3D elastic housings can be considered by 
modal reduction.

Results

The results are shown at different levels. 
There are results for the system such as 
the minimum safety factors for the shaft 
strength and gears, or the minimum life 
expectancy. Additionally, there are also 
results overviews for each bearing, group, 
shaft and its corresponding analyzed cross 
sections.
Besides the report for the shaft system, 
which contains the main results of bearings 
and gear calculations in table form, it is also 
possible to generate a full report. The full 
report contains detailed results for each 
bearing and each gear pair.



Bearing calculation for  
axial-radial roller bearings
The calculation software for axial-radial cy-
lindrical roller bearings considers deforma-
tions of the bearing rings based on a finite 
element calculation. The geometry of rota-
tionally symmetric construction parts can 
be defined by means of polygonal lines by 
the user. It is possible to define an arbitrary 
number of cylindrical rollers.
The following bearing types are supported:

• �Axial-radial cylindrical rolling bearing
• �Radial cylindrical rolling bearing
• �Crossed roller bearing
• �Taper roller bearing

Additionally, the bolt pretension in one or 
several bolted joints can be considered. 
Loads can be defined either on surfaces or 
in singular points. For the definition of stiff-
ness, a calculation of a series with variation 
of load and a load spectrum calculation are 
possible.
By means of multiple graphics and a PDF-
report the following results are available: 

• �The load distribution on the rollers  
along the roller length as well as  
the load sharing among the rollers.

• �The nominal and modified life expectancy 
for each bearing row and the system  
according to the ISO/TS 16281.

• �The deformation and the stiffness defined 
through two arbitrary eligible points.

• �The maximum and minimum bolt load.
• �The graphical representation of the  

exaggerated deformations either in 3D  
or in 2D-view of the axial section in  
accordance with a chosen angle.
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Calculation for ball screws
In most cases the loading of ball screws is 
purely axial. For this reason, the life expec-
tancy according to ISO 3408-5 only consid-
ers axial loads.
The software calculates the load distribu-
tion in a ball screw as a result of axial and 
radial loading, and tilting moment. Based 
on the Hertzian pressure theory, the load 
distribution is calculated under the assump-
tion of rigid screw and rigid nut by consid-
ering the contact stiffness of the balls. With 
the help of the software option “Configura-
tions” it is possible to calculate prestressed 
nuts. The raceways can be design as gothic 
arches or full radii. 
The life expectancy is resolved analogously 
to ISO/TS 16281 from the load distribution. 
The load capacities can be calculated either 
according to ISO 3408-5 or to a method 
analogous to the ISO 281/ISO 76. 

A parameter variation allows an automatic 
combination and variation of input values 
and a graphical representation of the re-
sults.
The following results are available:

• �Reference rating life according  
to ISO/TS 16281

• �Load distribution between  
rolling elements

• �Reaction forces/moments  
and displacements/rotations

• �Contact pressure for each contact
• �Contact angle according to  

the axial position of the ball
• �Static safety factor


