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1. Foreword

1.1 Aim of the tutorial

This starter tutorial for the Shaft Calculation extension MESYS Shaft Systems aims to familiarize users with the
functionalities and provide an initial impression of its computational capabilities in analysing aspects related to
the use of parallel shafts.

As a limitation, only topics and settings are mentioned or dealt with here, that are appropriate for an assumed
familiarity with the product and the exercise content. Please do not hesitate to contact MESYS if you have any
questions when using the software.

1.2 Software Version
This tutorial was created with MESYS Shaft Calculation version 12-2024 from 11.02.2025.

1.3 Notes

mmm) A blue arrow indicates a request to the reader.
- A green arrow indicates a conclusion or effect.

Figure 1

2. MESYS Shaft Systems

2.1 General

To get an idea of the possibilities of MESYS shaft systems, we in-
vite you to visit the MESYS website at the specific address for

Shaft Systems.

Please consult the corresponding articles on shafts or gears under
Home/Downloads/Categories, as illustrated in Figure 2:

I I IGSQ S Home  Services ~  Products v Download Purchase Subscription Contact ~ News ~

Engineering » Consuliing » Software Bl AG

Download

Bearings (24)
—_— eI

MNews (46)
On this page the demo versions and the software documentation are available.
zwizz made g ati
All programs meet the requirements for the label “swiss made software”. software Online calculations (5)
Seminars (15)

For a test version without restrictions, please contact us and we will provide you with a free
— Shafts (23)

30-day license!

Figure 2
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2.2 Description

¥
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Tooth root stress Gear 1 e = | MESYS Shaft Systems is a software extension | [} jesys Shaft Calculation
= i e to MESYS Shaft Calculation. This makes it pos- | _
2 sible to display parallel and coaxial shafts in | "' Calc”m_'u" fiped
v groups and to assign further relationships, 1| = H \Hﬂ | Fl
: connections, conditions or loads to them. This System '
: makes it possible to analyse the general dy- o
" namic and static states of a gear system or Sl
specific resulting bearing states. v [Group 1
Tooth raot stress Gear 1 B = Shaft 1
With an additional license, gear calculations ~ | Group 2
(Cylindrical gear pairs) based on correspond- Shaft 2
ing standards (1SO 21771-1 / 1SO 6336) can be ¥ |Group 3
carried out. Shaft 3
Figure 4
Figure 3
3. Software Manual
3.1 Online-Manual Figure 5
The software online- |fie Colcustion Report Graphics Exras Help
manual can be accessed via | |« H @ 1=
the user interface by |Tin. - Shaft Calculation
selecting the "Help" menu | ~ 3%
under "Manual F1" (Fig. 5). - i
Shaft 2
~ Group3
You can open the online | ., Seos

manual locally at any time
with position-specific
content directly via your F1
keyboard or find it via the
website.

3.2 Manual as PDF

The software manual can also be
found as a PDF file in the main lan-
guages within the MESYS installa-

tion directory (Figure 6).

MESYS AG

Gear connections

MESYS

Calculation Software

M General

) MESYS Shaft Calculation

B Ca

| Re:

B8 Input Parameters

and harmonic response

B Interface to rolling bearing
calculation

B Interface to ball screw calculation
B Interface to SKF bearing module

B MESYS Rolling Bearing Calculation
B8 MESYS Ball Screw Calculation

B MESYS Hertz Calculation

B MESYS Axial-Radial-Rollerbearings

lculation of natural frequencies

sults

M connected by boundary conditions. The following features are

supported:

systems)

elements

The shaft calculation (Version 12/2024) calculates the deflections, A
internal forces and the natural frequencies of several shafts

* Definition of multiple coaxial shafts is possible

* Definition of parallel shafts (with extension for shaft

* Definition of shafts in arbitrary direction (with extension
for advanced shaft systems)

* Shaft geometry is defined by cylindrical and conical

* Inner and outer geometry can be defined independently ,

« -1

# Quick access

¥ i Local Disk (C:)

ATVAET ool ALLATINET cailat

Share View

» ThisPC » Local Disk (C:) » Mesys 12-2024

Name

138 MesysHertz64.exe

~ [ This PC fa MesysManual.exe 11
i- 3D Objects T MESYS-Manual.pdf 1/
I Desktop f_ﬁ MesysManual-DE.exe 11/
. % MESYS-Manual-DE.pdf 11/
i Documents I‘H MesysManual-JA.exe
¥ Downloads =, MESYS-Manual-JA.pdf
D Music & Mesyshanual-KO exe
[&=/ Pictures T MESYS-Manual-KO.pdf
B videos 3 MesysRBC64.exe

j MesysReportG4.dil
@ MesysShaftid.exe

Date modified

11/

Type
Application
Application
PDF Document
Application
PDF Document
Application
PDF Document
Application
PDF Document
Application

Application exten...

Application

Shaft Systems Starter — 2-Stage Gearbox
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4. Project of a Shaft System

4.1 Content of the tutorial
An existing 2-stage reduction gearbox is to be used in a new application and its suitability is therefore to be
tested. For this common task, MESYS shaft systems are to be used to investigate its suitability and to find the
potential for spatial optimization.

4.2 Initial situation
The current 2-stage gearbox, consisting of 3 shafts, is allegedly defined as follow:

Figure 7

150 | 100 i
-
@ ® R o ] 8 8 |9 & B
30
50
1 100 24
130 Shaft 1 2 v —
Shaft 2
150 |
-
2 bt =] £ & &
50 | - ‘ Simplified representation of the
L . shafts.
Shaft 3
Shaft Element Name | Position X | Parameter Table 1
Shaft 1 | Coupling Input 10 | Mx =20Nm
Gear Vi 85 | mn=1, =20, b=20, z=25
Rolling bearing B1 60 | Deep groove ball bearing 6204
Rolling bearing B2 140 | Deep groove ball bearing 6204
Shaft2 | Gear V2 35 | mn=1, a=20, b=20, z=60
Gear V3 65 | mn=1.5, =20, b=25, z=20
Rolling bearing B3 10 | Deep groove ball bearing 6205
Rolling bearing B4 90 | Deep groove ball bearing 6205
Shaft3 | Gear V4 65 | mn=1.5, a=20, b=25, z=50
Rolling bearing B5 10 | Deep groove ball bearing 6206
Rolling bearing B6 90 | Deep groove ball bearing 6206
Reaction coupling Output 140
MESYS AG Shaft Systems Starter — 2-Stage Gearbox 4/16
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4.3 Modelling
4.3.1 Creating the File
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The first step is to analyse the existing gearbox in the current configuration and with the current loads.

mmm) Start the MESYS shaft calculation or open a new file
via the "New" icon or the File menu item and select

I} MESYS Shaft Calculation
@ Calculation Report Graphics Extras  Help

. = =] [
'New' (Figure 8) - 4 tﬁ* = =
TMesys
The project for the shaft calculation can be givenanameand | System
Do , Ve v Shafts i awrisa Conaittins Somnie I AT
a description under 'System' (Figure 9). AT
Figure 8
File Calculation Report Graphics Extras Help
el & EHS mmm) Give the project an example
System 8 6 name and save the file.
v System ' I I S S Shaft Calculation
~ Shafts e S oo [
Shaft
Project name |2—Stage Gearbox
Calculation description |Slm‘ter Tuterial Shaft Systems
Settings Lubrication Display settings
Figure 9
4.3.2 Group
Separate grOUpS are requ'red tO Calculate File Calculation Report Graphics Extras Help v ?i;r:;ns ‘
parallel shafts. el 28 oot comtcenn
System & F’ Group 3 Add Planetary Group
H . - ositioning elastic part as housins
mmm) Please assign 3 groups via the v ‘ ) Gearcomen oS e
context menu. o] +— AddGroup Gt
“/- Group 2 Add Coaxial Group “/ SrnEmEa TS
mmm) Please assign one shaft each and | Lo AddFiseeisy Ghucts w = = '
ositioning S e i Planetary gearbox

assign the corresponding names

(Figure 12).

—

menu on ‘Shafts' (Figure 11).

Figure 10

Figure 11

Please note that you can alternatively assign a ready to use 'Cylindrical gearbox' system via the context

P N R

System )
~ System
~ Shafts
v Group 1
File Calculation Report “ Gmi:zm
B e F Shaft 2
| |.__.,'H L@L v Group3
— Shaft3
Positioning
i + Geareompentons
¥ System
v Shafts
¥ Group 1
Shaft 1
¥ Group 2
Shaft 2
v Group 3
Shaft 3
Positioning Delete Group
» (Gear connections Duplicate
Figure 12
MESYS AG

General Geometry Loading

Outer Geometry

Supports Sections

Length [mm]
130 15
220 12
350 20
4 30 12
5 20 20

Diameter 1 [mm] Diameter 2 [mm]

=)

Please reproduce the geometry of the
shafts according to Table 1.

=

torials.

Alternatively, the shaft geometries can
be created via import in step format.
We are happy to refer you to further tu-

Shaft Systems Starter — 2-Stage Gearbox
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L Figure 13

Check and compare your shaft geome-
try with section 4.3 Initial Situation by
hovering the mouse over the interested

13).

[ 1=78.5mm, x2=100mm, L=21.5mm, D=25mm |

4.3.3 Rolling Bearing
4.3.3.1 Selection

shaft segment for a moment (Figure

File Calculation Report Graphics Extras  Help

select the type

el PgES
System &
v System 1 [ H 1 1
g l Select 'Shaft 1' in the system tree, assign an element under the 'Supports' tab on the
v Gro right with 'gfs ' and .

v Group 2
Shaft 2 ) . .
v Balis Rolling bearing' in
Shaft 3 the dropdown on
~ Bearings )
Bearing the right.
Positioning
> Gear connections
General  Geometry Loading  Supports | Sections Settings
Rolling bearing x=0mm, 'Bearing’ _
General  Geometry  Loading  Supports  Sections  Settings
Rolling bearing x=60mm, 'B1.1’ || | Rolling bearing
‘ Name the rolling bearing and bring it (=] | parme 812 |
into position according to Table 1. | &= mm (€8] (]
Figure 14 Type |Deep groove ball bearing | @

From here, the rolling bearing module for a specific bearing selection can be accessed via the ' ' button at the
bottom right, via a window, or in the system tree directly via the representative designation 'B1.1' now shown

here (Figure 15).

File Calculstion Report Graphics Extras Help

=l @gEe

~ System
~ Shafts
% Croup e
~ Group 2
Shaft 2
~ Group 3
Shaft 3
“ Bearings

«coo2 BB bd

anmng“ Supports  Sections  Settings

Geometry

B1.1 "
Pnshionin;\ Genetd

» Gear connections

=

Please move to the roller bearing
module.

(]
=
=

Figure 15

| Rolling bearing

Name [B1.1

Position

Type ‘De:p groove ball bearing ()

MESYS AG

Shaft Systems Starter — 2-Stage Gearbox
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General Bearing geometry Bearing configuration Material and Lubrication Loading Track roller
[Deep groove ball bearing | [ 1] [Select bearing from database 5 v
Inner diameter d mm |45 Dynamic load rating Cr I:l kN
Outer ameter o e [15] 2 Staticload rating o Ja
Manufacturer name di[mm] De[mm] B[mm] Ckn] ~ | Fatigueload limit ) Cog Dk”_
SKF *6204-2ZNR 20 47 14 135 Bearing clearance User input as operating clearany |
SKF *§204-27 20 a7 14 125 Diametral clearance Pd IC' mm 'j
SKE *6204-2R5L 20 a7 14 135
SKF *6204-2RSH/VAS47 2 47 14 135
SKF “6204-2R5H e N Ko Under the 'Bearing geometry' tab, as-
SKE *6204-2RSF/CSGINT 2 a7 14 135 . , .
sign a 'Deep groove ball bearing' under
SKF *6204-2RSF/CIGINT 20 47 14 135
. . , .
. — O O P the specification 'Select bearing from
GMN 6204 2 a7 u s database'. Select generic bearings with
Generic 6204 0 @ . 1* the designation from Table 1.
< 2 Figure 16
File Calculstion Report Graphics Extras Help
ISystem a
v Systermn }?
v Shafts 2
¥ Group 1
Shaft 1 el
~ Group 2 a
) Sha_j‘ft?_ &
~ Group
Shaft 3 &
~ Bearings =
B1.1 'Generic ... 3 T
B1.2 'Genefic .. General Geometry Loading Suppaorts Sections Settings
i Rolling bearing x=60mm, ‘B1.1 || | Rolling bezring v
> Gear connections Rolling bearing x=140mm, ‘812" = [
==|| Position X mm ﬂl 9
38| | Type [Deep groove ball bearing (Generic 6204) | [28]
|5hﬂﬂ connected to inner ring adl|
. : : |
For the 3 shafts, design the respec- [Conbetomering et
. . . . ‘Geometry, Material, Temperature, Lubrication’ is connected
tive right-hand bearing as a floating
[ Use extended calculation model
bearing and deactivate the axial Shaft b spportl el
support as shown on the right. s At
Figure 17 [ Shaft is supported axially to the right 9

- For the purposes of this tutorial, please leave bearing settings
such as 'bearing clearance' or related fits untouched. We would
like to refer you to the Starter Tutorial Basics for rolling bearing
calculation.

- Assign the remaining rolling bearings for all shafts (Figure 18)
and assign the corresponding names.

4.3.3.2 Lubricant
‘ Please assign the lubricant (Figure 19):

File Calculation Report Graphics Extras Help
LU=l $gEE
“on TMesys e
~ System Shaft Calculation
v Shafts anberina Consutbna Sofoware I AG
> Group 1
i Project name [2-tage Gearbox
> Group3
~ Bearings Caleulation description [Starter Tutorial Shaft Systems
B1.1 'Generic 6204'
12 Ganeri 204 Settings  Lubrication  Display settings
B2.1 ‘Generic 6205 - - = .
B3 s B0l SO VG 100 mineral oil ~ | Ol lubrication without on-line filter ISO4406 -/17/14 F|gure 19

MESYS AG Shaft Systems Starter — 2-Stage Gearbox 7/16
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4.3.4 Gearings

4.3.4.1 Cylindrical gears

- Select Shaft 1 in the System tree, assign an element under the 'Load' tab with ' ' and select the 'Spur

gear' type in the dropdown on the right (Figure 20).

File Calculation Report Graphics Extras Help

UalldE38
System &
w System
v Shafts
~ Group 1
Shaft 1
v Group 2
Shaft 2
~ Group 3
Shaft 3
~ Bearings
B1.7 'Generic ...
B1.2 'Generic ...

Positioning o el Cylindrical gear_4
| —}

«co @B DD

General ~ Geometry = Loading  Supports  Sections  Settings

<

* Gear connections
| | Farce
- | Coupling
. | | Cylindrical gear
Figure 20 "' | Bevel gear

File Calculation Report Graphics Extras Help

=1 - KR

System =
“ System
v Shafts
~ Group 1
Shaft 1
~ Group 2
Shaft 2
~ Group 3
Shaft 3
~ Bearings
B1.1 'Generic 6204'
B1.2 'Generic 6204'
B2.1 'Generic 6203
B2.2 'Generic 6203
B3.1 'Generic 6206 =2 | Name [ |

B3.2 'Generic 6206 . . .
Assign the designation and param- 8| socion - o ][]

Paositioning
~ Gear connections . .

eters to the gearing according to Wit b mm
Table 1. Mumber of teeth z
_ .

Vi-v2
Normal module mn

«coyfObd

General ~ Geometry ~ Loading  Supports  Sections  Settings

Cylindrical gear x=85mm, 'V1' || | Cylindrical gear

V3-vd

Figure 21

) Complete all gearing parameters for the remaining shafts (Fig. 21).

File Calculstion Report Graphics Extras  Help
=2l @E3S
|System &
v System
v Shafts
¥ (Group 1 Check the shaft positions in

Shaft 1

¥ Group2 space under the ‘Group’ tab on

Shaft 2

“ Group the far right. All shafts should

Shaft 3
T be at 0 in all directions.
B1.1 'Generic 6204'

B1.2 'Generic 6204'

B2.1 'Generic 6205

B2.2 'Generic 6205'

B3.1 'Generic 6206'

B3.2 'Generic 6206'
Group name |Group 1 |

Dop b AT B

Positioning
»  Gear connections Position Rotation

X-Position x l:l mm Rotation angle [ l:l =
Y¥-Paosition y l:l mm Rotation vector 3 lCl
o

Flgu re 22 Z-Position z 0 mm Rotation vector L

dnoig

s

eag

- The gears are not aligned with each other (Figure 23).

MESYS AG Shaft Systems Starter — 2-Stage Gearbox 8/16
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mmm) Move to 'Gear connections' via the system v

tree on the left (Figure 24).

4.3.4.2 Gear connections

v System

Shafts

~ Group 1
Shaft 1

v Group 2
Shaft 2

v Group 3
Shaft 3

“ Bearings
B1.1 'Generic 6204
B1.2 'Generic 6204
B2.1 'Generic 62053
B2.2 'Generic 6205
B3.1 '"Generic 6206'
B3.2 'Generic 6206'

Positicning

> | Gear connections

Figure 24

Figure 23

In the next step, the gearings must be assigned and brought into engagement. The 'Gear connections' window
can be accessed under the system tree (Figure 25).

- Activate 2 gear pairs ('GearPair') using the ' s button, as shown in Figure 23.

File Calculation Report Graphics Extras Help R
=l $ES
Sl 8 [~ Cyindncalgearpaie ™ [Nm] T2[Nml  SF1 SF2 SHT  SHZ wmax/wavg 3
v System GearPair -
v Shafts GearPair - - —
~ Group 1 Planetary gearsets  T1 [Nm] T2[Nm] T3[Nm]  SF1  SF2  SF3 SHI  SH2  SH3
Shaft 1 Bevel gear pairs TH[Nm] T2 [Nm] SF S22 SHT SH2
¥ Group2 Worm gears T1[Nm] T2 [Nm] SF SH  sw ST SEB
Shaft 2 Couplings T [Nm] T2 [Nm]
~ Group 3 Belt connections Smin Frin [N]
Shaft 3
~ Bearings
B1.1'Generic 6204'
B1.2 'Generic 6204 o
B2.1 'Generic 6205 Shaft 1 L=
: : =
B2.2 Gener}: 6205 Shaft 2 %
B3.1 'Generic 6206
B3.2 'Generic 6206' P W] x
Positioning I:l
Gear connections nl [rpm] =
Figure 25

The shafts and gears in contact can be defined here, and the basic data for the gear pair is displayed. In addition
to the individual shaft inputs, the gear data can also be modified in this window. However, through this connec-
tion, the data for both gears can be adjusted simultaneously (Fig. 26).

‘ Connect the two gear pairs as shown in Figure 26 and select appropriate colours for them.

GearPair 1 GearPair 2
e | coler ] T o |
Shaft Welle 1 v| | welle2 v Shaft Welle2 < [welle 3
Gear Vi | M2 ~ Gear \H ~ ‘u"d-
Position |35 | |35 | mm Position |65 | ||55 | mm
Number of teeth |25 | [60 | Numberofteeth |20 | E |
Width 20 | [20 | mm Width |25 | [25 | mm
Profile chift coefficient |0 | L5.48191E-15] =] Profile shift cofficient |0 | o | =
MNaormal module mn mm Mermal module mn mm
MNormal pressure angle a, T Normal pressure angle a, =
Helix angle B I:I : Helix angle B I:I :
Helix direction f_ﬂS_P.‘” geat V Spur gear ¥ Helix direction S_p_u_;_gea_r v | Spur gear
Center distance a I:I mm Center distance a ] mm

MESYS AG

Shaft Systems Starter — 2-Stage Gearbox

Figure 26
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‘ Leave the remaining gear-specific parameters and calculation modes unchanged for the scope of this

tutorial.

‘ A series of input and output fields refer to parameters for the design of gearing. For general gear calcu-
lations, we are happy to refer to specific training materials.

At this point, the coordinates of all groups are still set to zero. In the

right-hand window of the gear connection dialog, all groups are there-
fore displayed at the coordinate origin (Figure 27).

4.3.4.3 Positioning of the Gearings
The groups should now be aligned relative to Group 1 according to the
gear connections. The 'Positioning' window can be activated under the

Figure 27

system tree (Figure 28). Positioning can be carried out based on various criteria, such as the relationship be-

tween gears or groups.

Figure 28
File Calculation Report Graphics Extras  Help
=l P Ee
BYStRE = Group ‘Group 2’ according gear pair 'VI-V2' —_—
v System Group 'Group 3' according gear pair 'V3-Y4'
*~ Shafts —
~ Group 1 Group according gear pair . g . .
Sht 1 PREEEE mmm) | Open the window for 'Positioning' via the | '#
~ Group 2 Group Group 2 T
Shaft 2 I— e system tree and use the ' €= 'button to L
v Group 3 . e . .
Shatt 3 T — activate 2 positioning's with the criterion
* Bearings . .
B1.1 Generic 6204 - Graun 3 'Group according gear pair'.
B1.2 'Generic 6204'
H Cylindrical gear pair V3-v4
B2.1 'Generic 6205

B2.2 'Generic 6205
B3.1 'Generic 6206
B3.2 'Generic 6206'

Y13

Group according gear pair

~ Gear connections Cylindrical gear pair

Group 2

Vi-v2

R e B

‘ As a result, the groups have now been aligned, which can also
be called up in the right-hand window of the 'Gear connec-
tions', 'Positioning' and also in the window for 'Shafts' via the

System tree (Figure 29).

mmm) The coordinates of the groups or shafts can also be viewed nu-

merically via the Group 1-3 system tree and then by selecting

the ‘Group' tab on the far right.

4.3.5 Correction

Figure 29

Figure 29 also shows that the shafts are positioned too close to each other and the roller bearings collide. For
the purposes of the tutorial, let's assume that the documentation of the gearing of the analysed gearbox was
incorrect. We therefore correct the module in the two gearings in a suitable manner (Figure 30).

- Correct the

module for V1
& V2 to 1.25
and for V3 &
V4 to 1.75.

MESYS AG

Name [V1 | ([ name [v2 |
Pasition v 5 |mm[da [ ||| Position x mm [ da| [
Width b0 [mm ||| wth b o[ |mm
Number of teeth z Number of testh z
Nermal module mn mm ||| Mormal module mn mm
Name [v2 [ ame [va |
S s B ] [ [0 | | eson . B o [ [
Width b5 [mm || widn b 5 Jmm
Number of teeth : Number of teeth 2
Normal module mn 173 mm | || Normal module mn [1.73 mm
Figure 30
Shaft Systems Starter — 2-Stage Gearbox 10/ 16
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‘ The correction for the gearing and subsequent positioning was
successfully carried out (Figure 31).

4.3.6 Load
4.3.5.1 Torque
The designed input torque for the current gearbox according to Table

1is20Nm.

‘ Select 'Shaft 1' in the system tree, assign an element under
the 'Loading' tab with ' &fs ' and select the type 'Coupling'
from the dropdown on the right (Figure 32). Assign the corre-

sponding name.

Figure 31

File Calculation Report Graphics Extras Help

Ul $gEEe
System =
¥ System
~ Shafts
v Group 1
Shaft 1
¥ Group 2
Shaft 2
v Group 3
Shaft 3
~ Bearings
B1.1 'Genenc 8204 T = =
General Geometry Loading Supports  Sechions Settings

B1.2 'Generic 6204'
B s Cylindrical gear x-85mm, 'V1' Coupling |
B2.2 'Generic 6205' E . 7 o
Coupling x=10mm, 'Input 1
B3.1 'Generic 206" =
Mame |Ir\put

B3.2 'Generic 6206 —
Positioning g Position X mm $ $

~ Gear connections
Vi gl O R
Torque T Nm

o @O bdD

V3-v4

Direction of torque Own Input

Figure 32

‘ The direction of torque can be defined either by its sign or by selecting 'Shaft is driven' / 'Shaft is driv-
ing'. Leave this at 'Own input'.
‘ Select 'Shaft 3' in the system tree, assign an element under the 'Supports' tab with 'ss' and select the

type 'Coupling for reaction torque' from the dropdown on the right (Figure 33). Assign the correspond-

ing name.
g name Figure 33

File Colculstion Report Graphics Extras Help
T=ddEe

System a

¥ System
~ Shafts
~ Group !
Shaft 1
v Group 2
Shaft 2
~ Group 3
Shaft 3
~ Bearings
B1.1 'Generic 6204'

<o BT Db D

General  Geometry  Loading Supports Sections Settings

B1.2 'Generic 6204'
B2.1 'Genesic G205 Rolling bearing x=10mm, 'B3.1 Coupling for reaction torque v
B2.2 'Generic 6205 g3

Rolling bearing x=90mm, 'B3.2
B3.1 'Generic 6206 - N . | .

Coupling reaction mament x=140mm, 'Reaction coupling' Name |Reac{|on coupling

B3.2 ‘Generic 6206 i —
Positioning b Paosition * mm || =
i o —

“ Gear connections
vi-vz

‘ Please note that the display width of a coupling, as well as its activation in modal analysis for the 'Cou-
pling for reaction torque', has no relevance for this calculation.

4.3.6.2 Rotational speed
Before the calculation can be activated, the gearbox should be assigned the usual input speed.
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mmm) Select 'Shaft 1' in the system tree
and assign a speed of 1000 rpm
under the 'General' tab (Figure
34).

- This concludes the input of the
parameters for the mathematical
representation of this gearbox.

4.3.7 Optimisation

It is assumed that, within the scope of the
preceding task, the total height of the
gearbox needs to be limited due to spatial

Figure 34

File Calculation Report Graphics Extras Help

=l gEe

System a

v System
™ Shafts
~ Group 1
Shaft T
v Group 2
Shaft 2
~ Group 3
Shaft 3
“ Bearings

B1.1 'Generic 6204'
B1.2 'Generic 6204'
B2.1 'Generic 6205
B2.2 'Generic 6205

General  Geometry  Loading  Supports

General

Sections Settings

B3.1'Generic 6206' Name |Shaft 1

B3.2 'Generic 6206"
Positioning
v Gear connections
vi-v2
V3-v4

Material Steel
Position

Speed

Temperature

constraints in the application. One possible approach could be relocating Group 2 and Group 3.

Current situation:

Figure 35

Group 1 Group 2 Group 3 Viewing direction X
X 0 | mm x 50 |rnm x |5_{I— mm
v o | mm y [31s | mm y [114355 | mm
H 0 mm z ] |mrn z 0 | mm

‘ Edit the 2 current positioning rules (Figures 39 / 40).

Group 'Group 2' according gear pair 'V1-V2' and gear pair 'V3-V4'

‘ Group 'Group 3' parallel to group 'Group 1"

mmm) Generate a third, additional positioning
rule (Figure 41).

‘ Shaft 'Shaft 3' according gear pair 'V3-V4' ‘

Figure 3

mmm) Shaft 3 still requires
axial alignment in

addition to the 2nd
rule.

&=

The shafts and gears are
now correctly aligned with
each other.

Figure 38

New situation:

Group 1 Group 2
* l:lmm x |5<J |mm
: o Jmm : [zees | mm

‘ The optimisation to save vertical space was successful (Figure 42).

MESYS AG

Group parallel to group
Group
Relative to group
Offset in x-direction dx l:l mm
7 Offset in y-direction @ dy mm
Offset in z-direction Figure 39 dz D mm
Group accerding to two gear pairs v
Group Group 2 ~
Cylindrical gear pair 1 vi-v2 ~
Cylindrical gear pair 2 V3-v4 ~
Orientation @ Above ~
Offset in x-direction Figure 40 dx D mm
Shaft according to gear pair ~
Shaft Shaft 3 ~
Cylindrical gear pair @ V3-va ~
Offset in x-direction Figure 41 dx l:l mm
Group 3 Viewing direction X i

Shaft Systems Starter — 2-Stage Gearbox
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5. Calculation
5.1 Settings

For gear calculations, the "required service life H" should be defined in the 'Settings' window of the system
tree/system if possible (Figure 43). This value is considered not only in the evaluation of the gearing but also in
the calculation of shaft strength according to DIN 743. For further information, please refer to the manual under
Required Life and Strength Calculation.

File Calculation Report Graphics Extras Help
= - JE AN
System a S
v e m 8 S Shaft Calculation
~ Shafts . L v B aG
~ Group 1
Shait ] Project name ‘E—Staga Gearbox ‘
¥ Group 2
Shaft 2 Calculation description ‘Starter Tutorial Shaft Systems ‘
¥ Group 3
Shaft 3 Settings Lubrication Display settings
~ Bearings
B1.1 'Generic 6204' Consider weight ' | Housing material Steel b +
B}.2 ‘Generic @04' Angle for weight B = Housing temperature T (20 C
B2.1 'Generic 6205'
B2.2'Generic 6205' [ Calculate natural frequencies | Required life H  |20000 [n]
B3.1 'Generic 6206 . . R - i
B3.2 ‘Generic 6206' [T Consider gyroscopic effect | Bearing reliability 5 90 % [
Positioning Maximum frequency p - |1DDD | Hz Strength calculation Infinite life according DIN 743 v
~ Gear connections ) — -
Vi-y2 IConslder gears as stiffness I Increase shaft diameter v |Fition Definition for each bearing ™
V¥4 [ Consider gears as point load Gear is load only mations Piecarding ERhmmaon -
Increase shaft diameter :
[ Consider housing stiffness 3D-model using central nodes Sl i
[ Consider configurations 3D-model Figure 43
3D-model with teeth g

Additionally, a selection should be made for the possible settings under "Consider gears as stiffness" (Figure 43).
For example, when selecting 'Increase shaft diameter', the shaft diameter is automatically increased to the root
circle diameter plus 0.4 * module. For the root diameter a dedendum of the reference profile of 1.25 is assumed.
Please refer to the manual under Consider gears as stiffness for further details on the corresponding settings..

5.2 Calculation step
The calculation step can be carried out via the menu item ‘Calculation’/Calculate’, directly via the icon under
the ribbon or S|mp|y by preSSing F5. File = Calculation Report Graphics Extras H

;j Calculate F3

‘ Please start the calculation.
‘ Pay attention to the green tick at the bottom right, which confirms the consistency of the calcu-
lation step.

6 Results

6.1 Overview

The 'Result overview' at the bottom of the window shows the most important results (Figure 44). Its contents
can be configured as required via the menu Extras / Result overview.

Result overview

Minimal bearing reference life minL10rh |11032.4 h  Minimal bearing maodified reference life  minLnmrh |2269.89 h  Minimal static safety for bearings (150 17956) minS0eff |4.20323

Maximal equivalent stress maxSigV |67.7319 MPa Minimal root safety for gears minGearSF |2,53302 Minimal flank safety for gears minGearSH |0.977004
Maximal displacement in radial direction maxUr |0.0232341 mm Maximal displacement in x maxUx (0.00340038 | mm
Figure 44

‘ It becomes evident that by selecting a higher synthetic viscosity and cleanliness class for the lubricant,
the modified reference service life (Figure 45) could be significantly increased to the value H.
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‘ 150 VG 460 synthetic oil

~ | | Oil lubrication without on-line filter 1504406 -/15/12 ‘

Result overview

Minimal bearing reference life

Maximal equivalent stress

Maximal displacement in radial direction

minL10rh [11032.4 h
maxSigV [67.7519 MPa Minimal root safety for gears
maxUr (0.0232341 mm Maximal displacement in x

Minimal bearing modified reference life  minLnmrh |31996.5 h
minGearSF 2.59302
maxUx [0.00340038 | mm

Minimal static safety for beari

Minimal flank safety for gears

ngs (150 17956) minSDeff (4.20323
minGearSH m

Figure 45

‘ The results overview also displays results depending on the activated license. In the present example
calculation, the gear calculation was activated, even though the corresponding inputs were not edited.

If the need arises to use the license for spur gear calculation, the gear calcu-
lation can be activated as shown in Figure 46 and evaluated based on the
relevant input and output data. We would like to refer to additional litera-
ture or the manual under Gear connections for further details.

6.2 Overview of Gear Connections
6.2.1 Gear calculation

The gear calculation can be opened by selecting the gear pair in the system
tree under Gear connections (Figure 47). The gear parameters can be edited
here, and upon closing the gear calculation, the inputs will be read backinto

the system.

Figure 46

= =
Shaft Shaft 1 < [snan2 v
Gear i | v v
Position & 5 mm
Number ofteeth |25 ) |
Width ) 20 mm
Profile shift coefficient |0 0 =
Narmal medule mn [125 mm
Normal pressure angle o |20 [
Helix angle B o .
Helix direction Spur gear | spur gear v
Center distance s [s3a mm
Circumferential backlash P [ [ mm
Gear mesh stiffness ¢ [ N/mm/m
Efficiency 0 [0 %
Calculation [ mesvs s

=
e General Geometry Reference profile Details for strength
¥ System
¥ Shafts Dynamic factor K, |1.03106 ‘ [ Tip refief C. l:l l:l pm
~ Group 1 _——
2 Mesh load factor % Root relif oo P | um
v Group2 Face load cosfficient Ky [1.25 ‘ Surface roughness flank Rass I:l I:l pm
Shaft 2 —_—
v Group3 [ Profile modifications compensate deflections Surface roughness root R |1B | pm
Shait 3 [ Limited pitting allowable Web thickness b, IR
N b I ]
S — Required safety factar root Simin 14 | ——— T |
B1.2 'Generic 6204 Required safety factor flank Shimin Reversed bending Mo «| [Na ©
B2.1 'Generic 6205'
B2.2 'Generic 6203 Mean stress influence factor Yu |1 |1 | ]
B3.1 'Generic 6206' ’
B3.2 ‘Generic 6206' Life factor limit for 10 cycles Yo
Positicning Life factor limit for 107 cycles e [pes |
¥ Gear connections -
V1-v2 Flank modification (fZCa) MNaone ~
vi-va Contact pattern Unproven ~
F]gure 47 Helix modification MNone ~
JEE F | [ Cyiindrical gear pairs T1 [Nm] T2 [Nm] SFI SF2 SH1  SHZ wmax/wavg
¥ System vi-v2 2000 4800 265 277 12 13 110
V' Shafts V3-v4 -4800 -12000 259 282 108 120 145
. ~ Group 1 Planetary gearsets  T1 [Nm] T2 [Nm] T2 [Nm] SF1 SF2 SF3 SH1
6.2.2 Results of gear calculation Shat Bovelgesrpars T Nml T[Nml SIS SHI SH2
v Group 2 Waorm gears Ti [Nm] T2 [Nm] SF SH  sw 5T B
\ . P .
In the 'Gear connections' window (Figure 48), the Shaft 2 Couplings T1 Nl T2 [N
. ~ Group 3 Belt connections Smin  Fmin [N]
torques, safety factors for bending strength and Shaft3
e . . v Bearings
pitting resistance (SF / SH), as well as the maxi- BI.1 ‘Generic 6204
. . . B1.2 'Generic §204'
mum and average load distribution across the B21 Generic 6205 vive | v
. . B2.2 'Generic 6203" Shaft 1 Shaft1  Shaft2
face width (wmax / wavg) according to 1SO 6336 B3.1 ‘Generic 6205°
. . B2.2 'Generic 6206' Shaft2 Shaft2  Shaft 3
are displayed for each gearing. Positoning ST e
¥ Gear connections
Vi1-v2 nl[rpm] 1000 -416.667
i - V3-v4
In the lower window, performance data, geomet 2 rpe] | 476587 16667
ric data, and profile shift factors (x1 / x2) are dis- . 2000 2500
pIayed. almm] 53125 6125
mn [mm] 1.23 175
alpha [*] 20.0000  20.0000
beta[]  0.0000  0.0000
7 5 20
2 60 50
x1 0.000 0.000
Figure 48 x2 0.000  0.000
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6.3 Load spectrum
A load spectrum can be entered via the system window under the Settings tab. This allows access to the corre-
sponding input window through the system tree. For more details, please refer to our Shaft Starter Tutorial or
the manual under Calculation with load spectrum.

Consider load spectrum

6.4 Graphical Representation of Results

6.4.1 Specific
In addition to numerous other graphics available under the Graphics menu for evaluating the gearing, the line
load and gap width over position for the current calculation are shown below (Figure 49).

V1-VZ: Line load V3-Vd: Line load V1-V2: Gap width - right flank contact W3-V4: Gap width - left flank co
wmax/wavg = 110 . wmax/wavg = 1-45F 0.00045 + ~righ ki contact 0.00a+ - Tleft flank cont
- “Fn :
L S A 160 ~Fbt 0.0004 000357
60 - 140 - 0.00035 T — 0003t
E £ 120 c 1 £
= = - + =
= " = £ 0.00025 -g 0002+
e g % $ ooo021 z 1
< 30 T g = g 0.0015
z £ S 0.00015 1 9
& = @ 0.001¢
20 0.0001T
20 0.0005
10 5e-05T
A —————+—+—+— N
————————+— Lo Ln S L S W 0; TEnonEngn gl
hstsrat g e Ry i SEETEEENSE
MR P T =2TETo T
Position [mm] Pasition [mm] Position [mm] Positien [mm] Figure 49
Fn: Normal force
Fbt: Force in the transverse plane (here Fbt = Fn)

‘ The gap width indicates the distance between the flanks if the load transfer were to occur at a single
point. In the present case, a flank line correction based on a maximum gap width of 0.45 um would not
be economically justifiable.

- The diagrams (Figure 49) were generated using the Increase shaft diameter setting. Tooth engagement
stiffness, shaft stiffness, and bearing stiffness influence these diagrams. Additionally, manufacturing
errors and housing stiffness also affect the real gearbox.

6.4.2 Graphics Menu
A large selection of graphical result visualisations is available via the 'Graphics' menu (Figure 50).

B1.1 'Generic 6204
B1.2 'Generic 6204
B2.1 'Generic 6205
B2.2 'Generic 6203
B3.1 'Generic 6206'
B3.2 'Generic 6206'
Positioning
~ (Gear connections

Geometry 3D (animated)

Relative displacement [mm]

File Calculation Report | Graphics Extras Help
= H g E CAD
= Group 1
System
Group 2
v System
~ Shafts Group 3
~ Group 1 Equivalent stress
Shaft 1 Campbell diagram
~ Group2 Harmenic respense 30
Shaft 2
G etry 30
~ Group 3 itk
Shaft 3 Geometry 3D (deformed)
~ Bearings Geometry 30 (animated deformati

Geometry 3D (power flow)

Mode shapes 3D

Bearing system reliability

Bearing overviews

Bearings

T
£
H

V1-V2: Relative displacement of shafts

—MNormal displacement

Specific sliding over profile shift

= & 5 £ =

Profile shift coefficient gear 1 [1

=ight flank contact £

Tooth root stress Gear 1

rass Gaar 1 [MPa]
]

—Gear 2

Specific sliding over diameter
Specific sliding over profile shift
Safety factors over profile shift
Tooth root stress Gear 1

Tooth root stress Gear 2

Teeth root stress (2D] Gear 1
Tooth root stress (2D) Gear 2
Tooth form Gear 1

Tooth form Gear 2

Single tooth Gear 1

Single tooth Gear 2
Manufacturing Gear 1
Manufacturing Gear 2
Manufacturing Gear 1 (animated)
Manufacturing Gear 2 (animated)
Geometry (20) Gear 1
Geometry (2D) Gear 2
Geometry (30) Gear 1
Geometry (30) Gear 2

Gear engagement

Gear engagement (animated)

Gear engagement (30)

Limiting stress over life

Permissible stress over life

Permissible torque over life

iz Connection overviews Position [mml , = Safety over lfe
VI-Vd Connections (] Vi1-v2 3 ——TErrredTesers VT
V3-va 2 Relative displacement (V1
Figure 50 Dynamic factor over speed CAD »
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The graphics can be docked to the main programme interface with the current outputs
and are automatically updated after each calculation (Fig. 51). Drag the graphics into the
results overview or under the menu bar.

=

Result overview

& | Gear pair 'V1-V2': Specific slidi..® X | V1-VZ Relative displacement of shafts

]

x

Gear pair 'V1-V2': Tooth root st..& X || V1-VZ Gap width - nght flank contact

F X | Messa. &

6.4.3 Export

~| = Specific sliding over profile shif & V1-V2: Relative displacement of shafts  — Tooth root stress Gear 1 o V1-V2: Gap width - right flank contac
Transverse contact ratio ea | 1.698" Ed = s oot 5 qap ~sig| E D00MS ank contact
= 5 D025 =Hormal tisplacement 3 =Gghl = —
Specific sliding at root 21 |-2.2743 2 oo g 10 £ Doom
o B X 2 =
= = £ 80 3 0.00015
i c o s o o
safelyfadortonpitling S @ ‘f'-,- H 0.005 P = h o o = 8 VirrretEases 5 0 h = h o e
N k= @ B Ao = CoCoooos ™I Ml @ g @ P D
MNominal contact stress oHD |713.29 + = b = =, G2 ‘E‘ ”””””””” e B b = oy
< > Profile shift coefficient gear 1| L= Paosition [mm] = Diameter Gear 1 [mm] Position [mm]
M| =
Figure 51

Through the context menu and by selecting the 3D Geom-
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n Zoom In

Print graphic

Freeze content

Save graphic as...

Export graphic as..,

Ctrl+C

Group 1
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Group 3
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Harmaonic response 3D
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MESYS wiinscht Ihnen eine lehrreiche und gewinnbringende Erfahrung mit unseren Tutorials. Bitte wenden Sie
sich bei Unklarheiten, Anregungen oder Fragen, ungehindert an info@mesys.ch .
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