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MESYS Tutorial: Cylindrical Gear Pair 02

1 Introduction

1.1 Use case

In this tutorial, a helical gear stage is analyzed. In particular, the tooth root stress
calculation according to ISO 6336-3 and with FEM is examined. Various root fillets,
geometries, and factors are considered and compared. Further influences on the
bending stresses are examined. No strength verification is performed, i.e., the allowable
stresses are not considered.

1.2 Objective

Tutorial Property

Suitable for Users, familiar with the tutorial Cylindrical Gear Pair 01.
Prerequisites MESYS license (test license, commercial license).
Learning objectives Learn about advanced inputs specifically for tooth root

strength. Understand the integrated FEM calculation.

MESYS file MESYS-Tutorial-Cyl_gearpair_02-v25.mCGP.
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1.4 Task

Step

Task

1

Start MESYS, open file MESYS-Tutorial-Cyl_gearpair_02-
ww-v2500.mCGP, customize results overview.

Run calculation, arrange graphics, record reference
values.

Activate FEM calculations, determine stress values.

Compare with reference values.

Calculate tooth root stresses for various influences and
manufacturing methods

e With and without protuberance.

e With and without final machining allowance.

e With and without final machining notch.

Compare tooth root geometry and resulting stresses for
manufacturing with a hob and with a shaper cutter.

Comparative FEM calculation for calculation in the
normal section and calculation on the virtual spur gear.

6

Consider the effect of reversed bending.

Table 1-1 Task definition.
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2 Implementation, step 1

2.1 Start MESYS and settings

Start MESYS by double-clicking on file MesysCylGearPair64.exe. The file is located in the
installation directory, typically in C:\Program Files\MESYS 12-2025. This launches the
cylindrical gear pair calculation.

> Windows (C:) > Programme > MESYS12-2025 >

Ty Tl sortieren = Anzeigen

Name Anderungsdatum Typ GraBe

i} MesysAuRaRBC64.exe Anwendung 253KB

{ MesysBallScrewts.exe Anwendung 253 KB

1 MesysCOMB4.exe 26.05.2026 15:44 Anwendung 72774 KB

1 MesysCylGearPairsd.exe | 23.01.2026 14:32 Anwendung 115KB
)

Figure 2-1 Start of the gear calculation via the corresponding *.exe in the installation directory.
Open file MESYS-Tutorial-Cyl_gearpair_02-ww-v2500.mCGP via File/Open.

In Extras/Settings, relevant settings are predefined and self-explanatory. The option
Show all messages should be selected so that errors, warnings, and information are
noticed especially at the beginning of using MESYS.

@ Global settings X
Language B english

Unit system Metric units

Color scheme Light mode

Style Windows Vista

gnt size pt 9

| © Show all messages

Don't show informations
Don't show warnings and informations

oK Cancel

Figure 2-2 Extras/Settings with default settings.

In the General tab, the fields Project name and Description allow free comments on the
calculation file.

Critical is the selection Geometry for load capacity calculation = Nominal dimension
with minimum tooth thickness for Ye/Ys. As per ISO 6336-1, section 6.1, the lowest
manufacturing profile shift, i.e. the smallest tooth thickness, is to be used for its
calculation.

A MESYS Cylindrical Gear Pair Calculation - Tutorials - MESYS-Tutorial-Cyl_gearpair_02-ww-v2500-hd-public mCGP = =] X

File Colculation Report Graphics Extras Help
| - —‘E' ¥ o
H$ES

General ~ Geometry  Reference profile Details for strength

Mesys

Engineering » Consulting = Software ll AG
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Project name Tutorial 02

Calculation description  Fussfestigkeit und Spannungen mit FEM

s
) Consider load spectrum Minimum tooth thickness factor Sanmin 0.2
) Use diametral pitch instead of module Width to diameter ratio b/d 1
Calculate root stress based on FEA Geometry for strength calculation  Nominal with minimal tooth thickness for YF/¥S ]
JIFEA root stress based on virtual spur gear Thermal expansion is not considered

Continue on geometry errors
Figure 2-3 Tab General, Project name and Calculation description

2.2 K-factors

In the Geometry tab, it can be seen that the gear quality is assumed to be ideal by setting
the Tolerance class ISO 1328 to 1 R30. The goalis to achieve K, =1.00 and Ko =1.00 in
order to minimize or eliminate their influence on the calculated tooth root stress. In the
same direction, the input Speed =1 rpm and Ka = 1.00. In the Details for Strength tab, the
load distribution factor K, = 1.00 and the face load factor Kz = 1.00 are set accordingly.
This is not practical, but results in the K factors playing no role in the tooth root stress

calculation, i.e., K=1.00.

General Geometry Reference profile Details for strength
Normal module my 22 mm zmn, x1,a=x2
Normal pressure angle a 20 D Required life H 20000 h
Helix angle Bo12 J [ Application factor Ko 1 l
Center distance a 664 mm Reference gear Gear 2
Number of teeth z 13 46 lorgue To 238000 Nm
Face width b 250 240 mm [‘W%Pd n o1 lp_m]
Profile shift coefficient ] 05 0477167 Material gear 1 20MnCr5, case hardened, Eh, MQ
Tip diameter d, 358389 1057.61 mm Material gear 2 20MnCr5, case hardened, Eh, MQ
- diacal ! il RIEIGE Material housing Steel
Normal tooth allowance DIN 3967 25 c 25 4 Lubricant Own Input
Tolerance class 1SO 1328 1 R30 1 R30 Type of lubrication Submerged in oil

Oil temperature O 90 °C

Figure 2-4 Tab Geometry, note gear quality, speed and application factor.

General Geometry Reference profile Details for strength
7
Dynamic factor Ky 1.00012 O Tip relief G o 0 um
Mesh load factor Ky 1 Root relief G o0 4] um
L Face load coefficient e 1 B Surface roughness flank R 7 7 um
[ Profile modifications compensate deflections Surface roughness root Rs 16 16 um
[ Limited pitting allowable Web thickness b: 0 0 mm
Required safety factor root Stmin 1 Number of meshes Ny 1 1
Required safety factor flank Shimin 1 Reversed bending No No

Figure 2-5 Tab Geometry, note Dynamic factor, Mesh load factor, Face load coefficient.

2.3 Configuration Result Overview

For the summary of the tooth root stresses, the results overview is adapted
via Extras/Result overview.

.Ip
W Tanguage »

Unit system L3 |
= [ Datgbaza 3

¢ Result overview o

o Setlings
Custom result values

License r

Tools
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Figure 2-6 Menu Extras/Result overview.

The right side table content is removed via the «x» button to prepare it for a new setup.

X
Tooth root stress [oF1] T *
Tooth root stress [oF2] s
Nominal tooth root stress [oF01]
Nominal tooth root stress [aF02] ®
Nominal tooth root stress (FEA) [oFO1FEA]

Nominal tooth root stress (FEA) [oF02FEA]
Tooth form factor [YF1)

Tooth form factor [YF2]

Stress correction factor [YS1]

Stress correction factor [YS2]

OK Cancel

o

Cancel

Figure 2-7 Delete content via the «x» button.

To display the tooth root stresses and other properties of interest here, they are selected
on the left and transferred to the right part via the «->» arrow.

| IJA Settings for Result Overview

Active root diameter [dNFf1.i]
Active root diameter [dNf1.nom]
Active root diameter [dNf1.5]
Active root diameter [dNf1]
Active root diameter [dNf2.i]
Active root diameter [dNf2.nom]
Active root diameter [dNf2.s]
Active root diameter [dNf2]
Active tip diameter [dNa1.i]
Active tip diameter [dNa1.nom]
Active tip diameter [dNa1.s]
Active tip diameter [dNa1]
Active tip diameter [dNa2.i]
Active tip diameter [dNa2.nom]
Active tip diameter [dNa2.s]
Active tip diameter [dNa2]
Base diameter [db1.i]

Base diameter [db1.nom]

Base diameter [db1.s]

Base diameter [db1]

Base diameter [db2.i]

Base diameter [dbZ.nom]

Base diameter [db2.s]

Base diameter [db2]

l Restore Defaults

ﬂuolh root stress [oF1]

| Taoth root stress [oF2]
Mominal tooth root stress [aF01]
Nominal tooth root stress [oF02]
Nominal tooth root stress (FEA) [cFO1FEA]

-

Mominal tooth root stress (FEA) [oFO2FEA]
Tooth form factor [YF1]

Tooth form factor [¥F2]

Stress correction factor [YS1]

\Stress correction factor [Y52]

| oK Cancel

Figure 2-8 Selection and transfer of the results of interest.

The selected results are then visible in the Results overview window.

Result overview

Tooth root stress of1 204.847
Nominal tooth root stress of02 24587

Tooth form factor YF1 1.14019
Stress correction factor Y¥s2 1.61229

MPa Tooth root stress of2 2459
MPa Nominal tooth root stress (FEA) oFO1FEA 180487

Tooth form factor YF2 176532

MPa Nominal tooth root stress
MPa Nominal tooth root stress (FEA) oF02FEA 246,624

Stress correction factor

of01 204821

2.16615

MPa
MPa

Messages Result overview

Figure 2-9 Result overview showing the activated results.
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2.4 Reference results

According to ISO 6336-, the tooth root stress or is equal the nominal tooth root stress

Oro, Multiplied the K-factors, i.e. or= 0ro*Ka*K,* Ky *Krg*Kea. In this tutorial o= cro applies,

as all K-factors are set to K=1.00. No FEM calculation is done yet. Hence, the stress

values are not yet shown. The following reference values are noted.

Property Symbol Value Unit
Tooth root stress Gear 1 OF1 204.85 MPa
Tooth root stress Gear 2 OF2 245.90 MPa
Nominal tooth root stress Gear 1 OFo1 204.82 MPa
Nominal tooth root stress Gear 2 Oro2 245.87 MPa
Form factor Gear 1 Yeq 1.14 -
Form factor Gear 2 Ye2 1.77 -
Stress correction factor Gear 1 \& 2.17 -
Stress correction factor Gear 2 Ys2 1.61 -

Table 2-1 Reference values tooth root, calculation along ISO 6336-3. The small deviations between nominal tooth root
stress and tooth root stress are due to the dynamic factor being calculated.
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3 Implementation, step 2

3.1 Activation of the FEM calculation

In the General tab, enable the flag Calculate root stress based on FEM and run the
calculation again. The tooth root stresses for pinion and gear are then displayed in the

results overv

iew.

A MESYS Cylindrical Gear Pai

{Qﬁl 9 ()

r Calculation - Tutorials - MESYS-Tutorial-Cyl_gearpair_02-ww-v2500-hd-public.mCGP
Graphics Extras  Help

—_—
el

General Geometry Reference profile Details for strength

Mesys

Engineering = Consulting = Softwa

Project name Tutol

Cylindrical Gear Pair

rial 02

Calculation description Fussfestigkeit und Spannungen mit FEM

Settings
Consider load spectrum

e dealoitch joct

Minimum tooth thickness factor

ot ol Width to diameter ratio

I @ Calculate root stress based on FEA |
root stress based on virtual spur gear

Thermal expansion

Continue on geometry errors

Result overview

Tooth root stress
Nominal tooth root stress
Tooth form factor

Stress correction factor

Messages Result overview

Sanmin 0.2

b/d 1

Geometry for strength calculation Nominal with minimal tooth thickness for YF/YS

o
oF1 204.847 MPa_Tooth root stress af2 2459 MPa_Nominal tooth root stress oF01 204.821 MPa
of02 24587 MPa Nominal tooth root stress (FEA) oF01FEA 180.311 MPa Nominal tooth root stress (FEA) oF02FEA  240.686 MPa | '
YF1  1.14019 Tooth form factor YF2 176532 Stress correction factor Y51 216615 |
Y52 161229

M @

Figure 3-1 Activate FEM calculation in tab General, run calculation, tooth root stress from FEM calculation in the

Result overview.

Open graphics showing the von maximum principal stresses in the menu
Graphics/Tooth root stress (2D) Gear 1 and Graphics/Tooth root stress (2D) Gear 2. Open

Diagram options via right-click in the graphic, and also open Graphics/Options via right-

click in the graphic. Make settings as shown below. With the option Show mesh, the

edges of the finite elements become visible, allowing the mesh to be displayed. For

examining stress distributions, it is generally advisable not to display the mesh.

T
{J Diagram options

[ Show Isolines

( Use continous calor range

x|
/ Position Battom
Unit MPa
Minimum o Mpa B
i\ Graphic options *
Maximum 250 mpa B

[ Show mesh

| Reset Close
L

Apply ‘ Reset Close Apply

Figure 3-2 Options for display of fringe plots.
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th root stress Gear 2

Tooth root stress Gear 1

mbbq
B b

\

Figure 3-3 Maximum principal stress Gear 1 and Gear 2. Load application at the highest point of single tooth contact.

Zooming is done via the mouse wheel or the corresponding buttons as shown above.
The display of the entire gear segment is achieved via the Fit To Window button.

R
Jo)

Zahnfussspannung Zahnrad 1 n] Tooth root stress Gear 2 n

Figure 3-4 Left: Tooth root stress (2D) Gear 1, zoomed in, mesh not displayed, color bar not continuous. Right: Tooth

root stress (2D) Gear 2, entire model.

Via right-click and selecting Freeze content, the graphics can be frozen. The timestamp

is displayed in the title bar.

Tooth root stress Gear 1

u Tooth root stress [ear 1 [11:23:27]

Graphics

Ooom@m

Save graphic as...

Export graphic as...

) Print graphic

2

Freeze content

Zoom In

Zoom Out

Fit To Window

Diagram options

Figure 3-5 Left: Freezing the graphic. Right: Display of the time at which the graphic was frozen.

3.2 Resulting stress levels

Above table is then extended to the below.

Property Symbol Value Unit
Tooth root stress Gear 1 OF 204.85 MPa
Tooth root stress Gear 2 Or2 245.90 MPa
Nominal tooth root stress Gear 1 OFo1 204.82 MPa
Nominal tooth root stress Gear 2 OFo2 245.87 MPa
Form factor Gear 1 Yeq 1.14 -

MESYS Tutorial: Cylindrical Gear Pair 02 9/24



Form factor Gear 2 Ye2 1.77 -
Stress correction factor Gear 1 Ys1 2.17 -
Stress correction factor Gear 2 Ys2 1.61 -
Nominal tooth root stress (FEM) Gear 1 OFo1FEA 180.31 MPa
Nominal tooth root stress (FEM) Gear 2 OFo2FEA 240.69 MPa

Table 3-1 Reference values tooth root, calculation along ISO 6336-3 and tooth root stresses from FEM calculation.

3.3 Comparison

For Gear 1, the difference between the result from the calculation according to ISO, Gro:
=204.85 MPa, and the result from the FEM calculation with Oro1rea = 180.31 MPa is
significant. For Gear 2, the difference with Gro» = 245.87 MPa t0 Orooren = 240.69 MPa is

minimal.

MESYS Tutorial: Cylindrical Gear Pair 02

10/ 24




4 |mplementation, step 3

4.1 Input and calculation, protuberance

In the graphic Graphics/Gear engagement, the gear mesh is shown.

Figure 4-1 Gear mesh.

In the Reference Profile tab, we now enter a protuberance angle of a,»=10°and a
protuberance height of hpe = 0.4*mn.

General Geometry Reference profile Details for strength
Gear 1 Gear 2
Type Reference profile - Type Reference profile
User input v User input
Basic rack dedendum hp 125 mn Basic rack dedendum hg 125 mn
Basic rack root radius pr 038 mn Basic rack root radius pp 038 mn
Basic rack addendum hp 1 mn Basic rack addendum ho 1 mn
Chamfering profile angle e 0 ° Chamfering profile angle o . [
Basic rack tip radius [ mn Basic rack tip radius [ mn
l Protuberance angle ape 10 o l a leluherante angle e 10 0 h
Basic rack form dedendum hep  0.85 mn Basic rack form dedendum hep  0.85 mn ()
| Height of protuberance heo 0.4 mo lHelghl of protuberance hee 04 mn b
Amount of protuberance pre 00209348 mn Amount of protuberance pre  0.0209348 mn ()
Tip alteration kK 0 mn a Tip alteration k 0 mn ]

Figure 4-2 Input of Protuberance angle and Height of protuberance in the tab Reference profile.

After the calculation, the tooth engagement is provided with the protuberance. In the
graphic Graphics/Manufacturing Gear 1, the protuberance on the reference profile of the
toolis visible.

Figure 4-3 Left: Engagement, gears with undercut. Right: Engagement of tool reference profile to gear, tool with
protuberance.

The definitions according to ISO 21771-1 apply to the tool, analogously to the gear.

MESYS Tutorial: Cylindrical Gear Pair 02 11/24
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Mrero

NEsro
hpg

hprPO

Figure 4-4 Reference profile of the pre-machining tool with protuberance, according to ISO 21771-1.

The calculation is performed. In the graphics in the menu Graphics/Tooth root stress
(2D) Gear 1 and 2, we find the following stress distributions.

root stress Gear Tooth root stress Gear 2

Qoo
Bodbm@

Figure 4-5 Tooth root stress Gear 1 and Gear 2, color bar upper value limited to 200 MPa.

Now, the tabulated values are

Property Symbol Value Unit
Tooth root stress Gear 1 OF1 259.533 MPa
Tooth root stress Gear 2 OF2 266.693 MPa
Nominal tooth root stress Gear 1 OFo1 259.486 MPa
Nominal tooth root stress Gear 2 OFo2 266.646 MPa
Form factor Gear 1 Yr 1.64 -
Form factor Gear 2 Y2 1.98 -
Stress correction factor Gear 1 Ysq 1.91 -
Stress correction factor Gear 2 Ys2 1.59 -
Nominal tooth root stress (FEM) Gear 1 OFo1FEA 227.16 MPa
Nominal tooth root stress (FEM) Gear 2 OFo2FEA 261.30 MPa

Table 4-1 Calculation with protuberance, calculation according to ISO 6336-3 and tooth root stresses from the FEM
calculation.

Compared to Table 3-1, the stresses calculated with FEM have increased. It is interesting
to see how the tooth root form factors Yr have increased. This is because the
protuberance creates an undercut or, more generally, a reduction of the tooth thickness
at the critical cross-section. The stress correction factors Ys have decreased slightly
since the fillet now has a larger radius, but the reduction cannot compensate for the
increase in the form factors.

MESYS Tutorial: Cylindrical Gear Pair 02 12/24



File MESYS-Tutorial-Cyl_gearpair_02_01-ww-v2500.mCGP

4.2 Maximize root rounding

Using the «*» button, the tip fillet radius on the tool, paro, is maximized.

General ~ Geometry  Reference profile  Details for strength

Gear 1 Gear 2

Type Reference profile - Type Reference profile

User input e User input =

Basic rack dedendum p— Basic rack dedendum

Basic rack root radius pe 0483246 mn Basic rack root radius pe 0483246 mn

Basic rack addendum T L Basic rack addendum

Chamfering profile angle ae 0 - 0O

Chamfering profile angle @ 0
Figure 4-6 Maximize tool tip rounding or gear root rounding.

After recalculating (F5), the now lower stresses and the following values are found.

O d
Bod

Figure 4-7 Tooth root stresses with maximized tip radius on the tool.

Property Symbol Value Unit
Tooth root stress Gear 1 OF1 224.15 MPa
Tooth root stress Gear 2 OF2 245.26 MPa
Nominal tooth root stress Gear 1 OFo1 22411 MPa
Nominal tooth root stress Gear 2 OFo2 245.22 MPa
Form factor Gear 1 Yr 1.45 -
Form factor Gear 2 Ye2 1.82 -
Stress correction factor Gear 1 Ys1 1.87 -
Stress correction factor Gear 2 Ys2 1.56 -
Nominal tooth root stress (FEM) Gear 1 OFo1FEA 196.38 MPa
Nominal tooth root stress (FEM) Gear 2 OFo2FEA 253.57 MPa

Table 4-2 Calculation with protuberance and maximized tip fillet radius on the tool, calculation according to ISO 6336-
3 and tooth root stresses from the FEM calculation.

The reduction in stresses from Oroirea = 227.16 t0 Ororren = 196.38 for Gear 1 and from
Orotrea= 261.30 to Oro1rea = 253.57 for Gear 2 differs, being more pronounced for Gear 1.

File MESYS-Tutorial-Cyl_gearpair_02_02-ww-v2500.mCGP
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4.3 Considering machining allowance

In the Reference profile tab, the type is switched to Hob and the Machining allowance q
=0.01*m,, the Finishing tool addendum hapor = 1.10*m,, and the Finishing too tip radius

Paror = 0.05*mn are entered for Gear 1 and Gear 2.

Type
User input

[ Topping tool

Tool addendum

Tool tip radius

Tool dedendum
Chamfering profile angle
Tool root radius
Protuberance angle

Tool form addendum
Height of protuberance

Amount of protuberance

Thickness at reference line

Machining allowance
Basic rack addendum

Tip alteration

Finishing tool addendum

Finishing tool tip radius

hiso 125 mn
pwo 0483246 mn
hwo 1 mn
awo 0 U
owo 0 mn
oo 10 A - |
hepa 0.85 mn (O
heso 04 mn @

Preo 0.00745952 mn ()

15708

q 001 mn (B
he 1 mn
ko0 o
hapge 1.1 mn
Pasor 0.05 mn

Figure 4-8 Input for the finish machining.

Type
User input

] Topping tool

Tool addendum

Tool tip radius

Tool dedendum
Chamfering profile angle
Tool root radius
Protuberance angle

Tool farm addendum
Height of protuberance

Amount of protuberance

Machining allowance
Basic rack addendum

Tip alteration

Finishing tool addendum

Finishing tool tip radius

hsa  1.25
para 0.483246

hesso 085

hgeo 04

pi
15708

q 001

he 1

k 0

hasor 1.1

Paroi 005

po 0.00745952 mn

After the calculation, finish machining notches are visible since the protuberance is too
small compared to the machining allowance.

Figure 4-9 Notches in the tooth root of Gear 1 and Gear 2.

jS/eR's)

Property Symbol Value Unit
Tooth root stress Gear 1 OF 182.37 MPa
Tooth root stress Gear 2 Or2 231.01 MPa
Nominal tooth root stress Gear 1 OFor 182.35 MPa
Nominal tooth root stress Gear 2 Oro2 230.98 MPa
Form factor Gear 1 Yeq 1.06 -
Form factor Gear 2 Y2 1.69 -
Stress correction factor Gear 1 Ysq 2.08 -
Stress correction factor Gear 2 Ys2 1.58 -
Nominal tooth root stress (FEM) Gear 1 OFo1FEA 246.43 MPa
Nominal tooth root stress (FEM) Gear 2 OFo2FEA 296.83 MPa

Table 4-3 Calculation with protuberance and maximized tip fillet radius on the tool, calculation according to ISO 6336-

3 and tooth root stresses from the FEM calculation.

MESYS Tutorial: Cylindrical Gear Pair 02
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File MESYS-Tutorial-Cyl_gearpair_02_03-ww-v2500.mCGP

The stress peak is now located in the finish machining notch and depends on the tip
radius of the finishing tool. If we increase this from papor = 0.05 to paror = 0.10, we find

Oroirea = 218.55 MPa instead of Oro1rea = 246.43 MPa for Gear 1.

SRR )

ls/ReR's)

Figure 4-10 Finish machining notches in the root of Gear 1 and Gear 2. Radius increased.

Property Symbol Value Unit
Tooth root stress Gear 1 OF1 182.37 MPa
Tooth root stress Gear 2 Or2 231.01 MPa
Nominal tooth root stress Gear 1 OFo1 182.35 MPa
Nominal tooth root stress Gear 2 OFo2 230.98 MPa
Form factor Gear 1 Yr 1.06 -
Form factor Gear 2 Yeo 1.69 -
Stress correction factor Gear 1 Ys1 2.08 -
Stress correction factor Gear 2 Ys2 1.58 -
Nominal tooth root stress (FEM) Gear 1 OF01FEA 218.55 MPa
Nominal tooth root stress (FEM) Gear 2 OFo2FEA 277.93 MPa

Table 4-4 Calculation with protuberance and maximized tip fillet radius on the tool, calculation according to ISO 6336-

3 and tooth root stresses from the FEM calculation.

File MESYS-Tutorial-Cyl_gearpair_02_04-ww-v2500.mCGP.

MESYS Tutorial: Cylindrical Gear Pair 02
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5 Implementation, step 4

5.1 Renewed reference calculation

Open file MESYS-Tutorial-Cyl_gearpair_02-REL25.mCGP via File/Open and run the
calculation. We again find the following values.

Property Symbol Value Unit
Tooth root stress Gear 1 OF1 204.85 MPa
Tooth root stress Gear 2 OF2 245.90 MPa
Nominal tooth root stress Gear 1 OFon 204.82 MPa
Nominal tooth root stress Gear 2 Oro2 245.87 MPa
Form factor Gear 1 Yr 1.14 -
Form factor Gear 2 Ye2 1.77 -
Stress correction factor Gear 1 Ys1 2.17 -
Stress correction factor Gear 2 Ys2 1.61 -
Nominal tooth root stress (FEM) Gear 1 OF01FEA 180.31 MPa
Nominal tooth root stress (FEM) Gear 2 OFo2FEA 240.69 MPa

Table 5-1 Reference values tooth root, calculation according to ISO 6336-3 and FEM calculation. Tool is hob.

In the menu Graphics/Manufacturing Gear 1 and 2, the rack-shaped tool, the hob, is
displayed. In the menu Graphics/Tooth root stress (2D) Gear 1 and 2, the tooth root
stresses are shown as a fringe plots.

Manufacturing Gear 1 Manufacturing Gear 2 n

Figure 5-1 Gear (blue) in engagement with the rack-shaped tool (green). Left: Gear 1. Right: Gear 2.

SR o)
|S/ReR o)

Figure 5-2 Tooth root stress from the FEM calculation. Color scale limited to 200 MPa. Left: Gear 1. Right: Gear 2.

5.2 Use of shaper cutter

In the Reference profile tab, instead of the reference profile input (where the reference
profile of the gear is entered, from which the reference profile of the rack-shaped toolis

MESYS Tutorial: Cylindrical Gear Pair 02 16/24



derived and used to generate the tooth form), the Shaper cutter input is now selected.
The number of teeth and the profile shift of the shaper cutter are given as zo =23 and xo =
0.10. After the calculation (F5), the graphics in the menu Graphics/Gear engagement,
Graphics/Manufacturing Gear 1 and 2, Tooth root stress (2D) Gear 1 and 2 are examined.

Gear 1 Gear 2

Type Reference profile ~ Type Reference profile

1SO 53 Profil A ~ IS0 53 Profil A
Basic rack dedendum he 125 mn Basic rack dedendum he 125 mn
Basic rack root radius pp 038 mn Basic rack root radius pe 038 mn
Basic rack addendum ha 1 mn Basic rack addendum he 1 mn
Chamfering profile angle @ 0 Chamfering profile angle as 0
Basic rack tip radius Pe O mn Basic rack tip radius Pe O mn
Protuberance angle ape 0 Protuberance angle ]
Tip alteration k 0 mn ] Tip alteration k 0 mn
Figure 5-3 Tab Reference profile input Reference profile for both gear 1 and gear 2
General Geometry Reference profile Details for strength
Gear 1 Gear 2
User input e User input
Tool number of teeth 23 Tool number of teeth 23
Tool profile shift X% 01 Tool profile shift 0.1
Tool addendum hao  1.25 mn Tool addendum hwg 125 -mn
Tool tip radius paro 0356519 mn Tool tip radius par) 0356519 mn
Tool dedendum hgg 1 mn Tool dedendum hw 1 mn
Tool root radius pra 0 mn Tool root radius pro 0 mn
Basic rack addendum he 1 mn Basic rack addendum ha 1 mn
Tip alteration k 0 -mn a2 Tip alteration k 0 -mn

Figure 5-4 Tab Reference profile input Shaper cutter, for gear 1 and gear 2.

Manufacturing Gear 1 Manufacturing Gear 2 n

Figure 5-5 Manufacturing Gear 1 and Gear 2, each with a shaper cutter.

0o o
oo} s}

Figure 5-6 Tooth root stresses, tooth form generated with shaper cutter.

The tabular values are now as follows
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Property Symbol Value Unit
Tooth root stress Gear 1 OF1 192.85 MPa
Tooth root stress Gear 2 Or2 222.62 MPa
Nominal tooth root stress Gear 1 OFo1 192.83 MPa
Nominal tooth root stress Gear 2 OFo2 222.59 MPa
Form factor Gear 1 Yeq 1.19 -
Form factor Gear 2 Yeo 1.71 -
Stress correction factor Gear 1 Ys1 1.95 -
Stress correction factor Gear 2 Ys2 1.51 -
Nominal tooth root stress (FEM) Gear 1 OFo1FEA 175.31 MPa
Nominal tooth root stress (FEM) Gear 2 OFo2FEA 223.47 MPa

Table 5-2 Tooth root values, calculation according to ISO 6336-3 and FEM calculation.

File MESYS-Tutorial-Cyl_gearpair_02_05-ww-v2500.mCGP.
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6 Implementation, step 5

6.1 Renewed reference calculation

Open file MESYS-Tutorial-Cyl_gearpair_02-REL25.mCGP via File/Open and run the
calculation. We again find the following values as per Table 5-1.

6.2 Cylindrical gear sections

The FEM calculations above are performed at the normal section. In the normal section
and in the axial section of an involute helical gear, the flank form is no longer involute.

_ P o U A A WY |
. / [
AV Y VARV
g

Figure 6-1 Top left: Normal section, perspective view. Top right: Transverse section. Bottom left: Normal section.
Bottom right: Axial section.

In the calculation according to ISO 6336, a virtual spur gear (ISO 6336 uses the term
"virtual spur gear", DIN 3990 uses the term "equivalent spur gear") is used for helical
gears. This is generated such that it has a tooth form that closely approximates that of
the helical gear in the normal section. This preserves the properties, e.g., tooth root
thickness of the helical gear in the normal section. In MESYS, the calculation is possible
both at the normal section of the helical gear and at the virtual spur gear. In the General
tab, selecting Calculate root stress based on FEA calls up the calculation at the normal
section. If the flag FEA root stress based on virtual spur gear is additionally enabled, the
FEM calculation is performed on the virtual spur gear instead.
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Settings Settings Settings
(] Consider load spectrum (7 Consider load spectrum ) Consider load spectrum

(7] Use diametral pitch instead of module (] Use diametral pitch instead of module J Use diamstral pitch instead of module

[JiCalculate oot stress based on FEA| 8] Calculate root stress based on FEA B Calculste root stress based on FEA
iCacuate root stress based on TEA
(] FEA root stress based on virtual spur gear [_] FEA root stress based on virtual spur gear B FEA root stress based on virtual spur gear

() Continue on geometry errors - Continue on geometry errors Continue on geometry errors

Figure 6-2 General tab, selection of the FEM tooth root stress calculation. Left: No calculation. Center: Calculation at
the normal section. Right: Calculation at the virtual spur gear.

First, the calculation at the normal section is performed by enabling the first flag and
disabling the second flag, see figure above, center. Open graphics Tooth root stress (2D)
Gear 1 and 2, Tooth root stress Gear 1 and 2. Select graphic settings for Tooth root stress
(2D) Gear 1 and 2 as follows.

] (4 Diagram options x
Position Bottom v
Unit MPa ~
Minimum o wma@
Maximum 240 o ] (J Graphic options X
() Show Isolines @ Emmaeh

() Use continous color range

Reset Close Apoly | Reset | Close Apply

Figure 6-3 Left: Diagram Options. Right: Graphics Options.

ot stress Gear 1 Toath root stress Gear 2

Obd
[ShePsY - |

<0.0 48.0 96.0 1440 1920 >240.0 " 48.0 96.0 1440 192.0 .0

Figure 6-4 Von Mises stress distribution at Gear 1 and Gear 2, in the normal section.

Tooth root stress Gear 2

Figure 6-5 Maximum principal stress distribution at Gear 1 and Gear 2, in the normal section, detail view.

The following graphics show the stress at the surface of the root, from left to right from
the root base toward the flank. Note that sigl is the first principal stress, which is to be
compared with the stresses according to ISO 6336. sigM is the von Mises stress.
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Figure 6-6 Stress distribution at the surface of the tooth root, in the normal section.

The calculation is now repeated, this time with the flag FEA root stress based on virtual
spur gear enabled. The graphics are now as follows.

Tooth root stress Gear 2

[ohePsY - |

Figure 6-7 Maximum principal stress distribution at Gear 1 and Gear 2, at the virtual spur gear.

pe.
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Figure 6-8 Maximum principal stress distribution at Gear 1 and Gear 2, at the virtual spur gear, detail.

Tooth root stress Gear 2
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Figure 6-9 Stress distribution at the surface of the tooth root, at the virtual spur gear.

In direct comparison (above for tooth root stress at the normal section, below for at the
virtual spur gear), only minimal differences are apparent.
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This confirms for this case that the approach via the virtual spur gear as used in ISO
6336 for the tooth root stress calculation is accurate.

Tooth root stress Gear 1 [12:43:09] Tooth root stress Gear 2 [12:43:12]

Yoo

192.0 2400

Tooth root stress Gear 1 Tooth root stress Gear 2

N\

Figure 6-10 Left: Gear 1. Right: Gear 2. Top: Calculation at the normal section. Bottom: Calculation at the virtual spur
gear. Maximum principal stress.
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7 Implementation, step 6

7.1 Renewed reference calculation

Open file MESYS-Tutorial-Cyl_gearpair_02-REL25.mCGP via File/Open and run the
calculation. We again find the following values as per Table 5-1.

7.2 Influence of the mean stress level

In the calculations above, the acting stresses in the tooth root were examined. If the
tooth is loaded not only in one direction but in both directions, the stress level does not
change. This is the case, for example, with a planet gear. In mesh with the sun gear, the
tooth is bent in one direction, in mesh with the ring gear in the other direction. The angle
of the force direction and the point of force application may differ slightly, and
accordingly the tooth root stress in the two meshes may also differ slightly.

The influence of the stress cycle with tensile and compressive stress is accounted for
via the mean stress influence factor. For the case of reverse bending, this is setto 0.70 in
ISO 6336-5, section 5.3.3, and the allowable stresses are multiplied by it. In the
informative Annex B of ISO 6336-3, an extended calculation for the mean stress
influence factor Yy is available. Since this is informative only and not normative, a
reverse bending factor can be entered directly in MESYS.

i

@l $EHS

General Geometry Reference profile Details for strength
Dynamic factor Ky 100012 Tip relief G 0 0 um
Mesh load factor K, 1 Root relief G o 0 pm
Face load coefficient Kig 1 8 surface roughness flank Ry 7 7 um

Profile modifications compensate deflections Surface roughness root R 16 16 pm

Limited pitting allowable Web thickness by 0 0 mm
Required safety factor root St |1 Number of meshes N 1 1
Required safety factor flank Shmin 1 Mean stress influence factor Yv 07 0.7 a ]

T T T Ty o
Life factor limit for 10' cycles Zntim 1
Flank modification (fZCa) None

Contact pattern Unproven

Figure 7-1 Input of mean stress influence factor Yw, in tab Details for strength.

This means that this factor does not affect the actual stresses, but the allowable
stresses. After running the calculation, the report shows the below values.

Nominal tooth root stress of0 204.8215 245.8699 MPa
Tooth root stress of 204.8469 245.9004 MPa
Tooth root stress limit ofG 806.2467 890.1866 MPa
Safety factor for tooth breakage SF 3.9359 3.6201

Figure 7-2 Tooth root strength, information in the report, for reference calculation with Ym = 1.00, i.e. without reverse
bending.

After entering Yy = 0.70 for both gears and running the calculation, the modified tooth
root strength, the resulting modified tooth root safety factor, and the tooth root stress
are as follows.
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Nominal tooth root stress of0 204.8215 245.8699 MPa

Tooth root stress of 204.8469 245.9004 MPa
Tooth root stress limit ofG 564.3727 623.1307 MPa
Safety factor for tooth breakage SF 2.7551 2.5341

Figure 7-3 Tooth root strength, information in the report, for reference calculation with Ym = 0.70, i.e. with reverse
bending.

The occurring stresses, nominal tooth root stress and tooth root stress, are the same in
both cases. The tooth root stress limit was ors = 806.25 MPa and is now orc = 806.25 MPa
*0.70 =564.37 MPa. The mean stress influence factoris Yy = 0.70. Accordingly, the
tooth root safety factor Sr decreases.
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