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MESYS Tutorial: Cylindrical Gear Pair 01

1 Introduction

1.1 Use case

In this tutorial, a helical gear stage is designhed. It is used as an output stage in an
industrial gearbox. The strength rating with load spectrum is performed and the gearing
is optimized to achieve the required safety factors.

1.2 Objective

Tutorial Property

Suitable for Users familiar with the tutorial Single Cylindrical Gear
01.

Prerequisites MESYS license (test license, commercial license).

Learning objectives Use inputs for factors and materials.

Understand cylindrical gear pair geometry sizing.
Explore output options.
MESYS file MESYS-Tutorial-Cyl_gearpair_01-ww-v2500.mCGP.
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4.2 Sizing of module and face Width .......ccoiiiiiiiiiiii e 16
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1.4 Task

Gearbox Property

Application Bevel-helical gearbox, e.g. for a conveyor belt

Stages One bevel gear stage, two cylindrical gear stages, Ut =
1:63

Input and output Input = electric motor, output via elastically mounted
roller

Stage under consideration Output stage, single helical, uz; =3.50

Power 53 kW

Output speed 24 rpm

Output torque 23'800 Nm

Load spectrum 20% of the time at 24 rpm and 23'800 Nm
50% of the time at 24 rpm and 19'800 Nm
30% of the time at 20 rpm and 25'000 Nm

Operation Non-reversing

Required service life 25'000 h

Lubrication Oil bath, 0il ISO VG 460, mineral oil, maximum
temperature 90°C

Materials Case-hardening steel 20MnCr5
Case-hardened to 62 HRC surface hardness
Core hardness 30 HRC, material quality MQ
Steel housing

Basic rack ISO 583, Profile A, tip alteration coefficient per standard

Normal pressure angle a, = 20°

Gear quality ISO 1328, A=7, R41

Tooth modifications None

Tooth flank roughness R.q =7 um for both gears

Tooth root roughness R. =16 pm for both gears

Tooth thickness deviations c 25 for both gears

Tip circle diameter h7

tolerance

Center distance tolerance +-0.15 mm

Inner diameter, pinion 0, pinion shaft

Inner diameter, wheel 80.00 mm

Rating Face load factor Kug = 1.50
Required safety factor tooth root Semin = 1.50
Required safety factor tooth flank SHmin =1.20
Required safety factor scuffing Sgmin = Ssmin = 2.00
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2 Implementation

2.1 Starting MESYS and Settings

Start MESYS by double-clicking the file MesysCOM64.exe. The file is located in the
installation directory, typically in C:\Program Files\MESYS 12-2025. Start the cylindrical
gear pair calculation by clicking the icon below.

mGSl.JS 12/2025

Engineering » Consulting « Software ll AG
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Figure 2-1 Start of cylindrical gear pair calculation in the module selection menu.

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

IF Global settings X
Language £ English ~
Unit system Metric units -
Color scheme Light mode -
Style Windows Vista v

pt 9

O Don't show informations

O Don't show warnings and informations

Cancel

Figure 2-2 Extras/Settings with default settings.
The project name and description fields are used to freely annotate the calculation file.

Since the calculation is to be performed with a load spectrum, the corresponding flag
Consider load spectrum must be set.

Critical is the selection Geometry for load capacity calculation = nominal dimension
with minimum tooth thickness for YF/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.
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Q] MESYS Cylindrical Gear Pair Calculation - Tutorials

File Calculation Report Graphics FExras  Help
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General Geometry Reference profile Details for strength

Load spectrum

Cylindrical Gear Pair

Project name Tutorial Cylindrical Gear Pair 01

Calculation description Sizing and rating of a cylindrical gear pair

Settings

[0 Use diametral pitch instead of module
[0 Calculate root stress based on FEA

[ FEA root stress based on virtual spur gear

() Continue on geometry errors

Minimum tooth thickness factor

Width to diameter ratio

Sanmin 02

b/d 1

[ Geometry for strength calculation

Mominal with minimal tooth thickness for YF/YS ]

Thermal expansion

Figure 2-3 Tab General, settings and project description.

2.2 Inputs

is not considered

The basic rack is selected in the Basic Rack tab. Itis predefined as Profile A and the tip

alteration coefficient is applied automatically per standard (flag Tip Alteration

Coefficient deselect).

General Geometry Reference profile Details for strength

Gear 1

150 33 Profil A

Basic rack dedendum hes
Basic rack root radius Do
Basic rack addendum hs
Chamfering profile angle o
Basic rack tip radius e
Protuberance angle [
Tip alteration k

Figure 2-4 Inputs in the Basic Rack.

The Load Capacity Details tab contains more extensive inputs closely linked to the

125

038

o o o o 9=

Load spectrum

Gear 2
~ Type
v
‘mn Basic rack dedendum
‘mn Basic rack root radius
mn Basic rack addendum

Chamfering profile angle
mn Basic rack tip radius

Protuberance angle

m@ Tip alteration

' Reference profile

. 123

o o o o = ¢

‘mn

‘mn

mn

mn

Fm)

theory of load capacity verification per ISO 6336. The inputs are explained individually

below.
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General Geometry Reference profile Details for strength

Dynamic factor Ky
WMesh load factor k|
Face load coefficient

[0 Profile madifications compensate deflections
Limited pitting allowable

Required safety factor rect Skmin

Required safety factor flank SHimin

1.00032

Load spectrum

(J Tip relief C, 0 0

Col)

I
R 7 7
Rs 16 16

Web thickness b, 0 0

Root relief

urface roughness flank

Surface roughness root

MNumber of meshes My 1 1

Reversed bending No “

Mean stress influence factor Yy, 1 1 a

Life factor limit for 10'® cycles Yo 092

Life factor limit for 1010 cycles Ly 092

Flank modification (fZCa) None ~

Contact pattern Unproven ~
Helix modification None ~

Relative welding facter XWrelT 1

Figure 2-5 Inputs for load capacity calculation in the Details for strength. Only deviations from default settings and

values are highlighted.

Input

Explanation

Dynamic factor

When flag is not set, calculated per ISO 6336-1, Section
6.

Load sharing factor

Keep at 1.00 as only one load path is considered, see
ISO 6336-1, Section 4.2.1.

Face load factor

Enable flag and set to 1.50 per task definition.

Profile modifications
compensate for deflections

This flag affects the calculation of the transverse load
factor KHa. Since no profile modifications are present,
leave the flag disabled.

Limited pitting permitted

This flag affects the S-N curve used to calculate the
tooth flank safety factor. Since no pitting is permitted
per the task definition, leave the flag disabled.

Required safety factor tooth
root

Setto 1.50 per task definition.

Required safety factor tooth
flank

Set to 1.20 per task definition.

Required safety factor Set to 2.00.

scuffing

Tip relief Leave at 0 as none is specified in the task definition.
Root relief Leave at 0 as none is specified in the task definition.
Tooth flank surface Enter per task definition.

roughness

Tooth root surface Enter per task definition.

roughness

Web width Since industrial gearboxes typically use solid gears,

leave at 0. The input then has no effect.

Number of meshes

This refers to the number of meshes per revolution.
Leave at 1, as no multiple meshes are present.

Reverse bending

Since the gearbox is operated non-reversing, select No.

Mean stress influence
factor

When flag is disabled, is automatically set to 1.00 per
the selection Reverse bending No, see above

Life factor for 10" load
cycles

Sett0 0.92, per ISO 9085, Table 6, for mean material
quality MQ, for tooth root

MESYS Tutorial: Cylindrical Gear Pair 01

6/20



Life factor for 10" load Sett0 0.92, per ISO 9085, Table 6, for mean material

cycles quality MQ, for tooth flank

Flank modification (fzca) Set to None, as no flank modifications are present per
the task definition.

Contact pattern Set to Without verification, as no verification is
performed per the task definition.

Helix modification Set to None, as ho modifications are present per the
task definition.

Relative welding factor Leave at 1.00, per ISO/TS 6336-21, Table 4.

Table 2-1 Explanations on the input in tab Details for strength.

The load spectrum is now entered in the Load Spectrum tab. Using the + button at the
bottom right, three rows are added and entered per the task definition. Note that the
data in the task definition refers to the output, i.e. gear 2 in the pair. The corresponding
selection is in the Geometry tab, where Reference gear = Gear 2 must be selected. The
text in the load spectrum changes accordingly to T2 and n2.

General Geometry  Refrence profile  Details for strength  Load spectrum

Normal module 1 mm z,mn,x1,a ->x2 ~

Nermal pressure angle 20 ° Required life H 20000 h

Helixangle 0 : Application factor K 125 |

© ™ g o3

Center distance 0 mm [ Reference gear Gear 2 ~ ]
|

Figure 2-6 Selection Reference gear = Gear 2 in the tab Geometry.

General Geometry Reference profile Details for strength ' Load spectrum l

£ h |
Frequency | T 2 [pm] )

102 23800 2
205 1800 2
303 20500 2

[CJ Run calculation for result element only Result element 1 : - % ) [

Figure 2-7 Load spectrum input.

2.3 Inputsinthe Geometry Tab

The application involves an electric motor drive and output connected to a conveyor
belt. Per ISO 6336-1, Tables 4, 5, 6, this results in arecommended application factor per
Method B, Kag = 1.25. The other specifications are set or selected directly. The reference
gear selection was made in the previous step.

When a load spectrum and an application factor K_A > 1.00 are entered, the torques in
the load spectrum are multiplied by the application factor K_A. In this tutorial, K_A >
1.00 is used together with the load spectrum. In practice, the load increments are
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already included in the torque values of the load spectrum; in that case, K_A =1.00 shall
be set.

General Geometry Reference profile Details for strength Load spectrum

Normal madule m, 1 mm zmn, xl, a -»x2 v
Normal pressure angle a 20 c Required life H 25000

Helix angle B 0 Application factar Ko 125

Center distance a 0 mm Reference gear Gear 2 ~
Number of teeth z 0 0 Material gear 1 20MnCr5, case hardened, Eh, MQ

Face width b 0 0 mm Material gear 2 20MnCr5, case hardened, Eh, MQ

Profile chift coefficient x 0 0 Material housing Steel

Tip diameter d, 0 0 mm Lubricant 150 VG 460 mineral oil

Inner diameter d 0 280 mm Type of lubrication Submerged in oil

Mormal tooth allowance DIN 3967 25 v v 23w v Qil temperature O 90

Tolerance class 150 1328 T v |R4 ~ T v R4T

Figure 2-8 Inputs in the Geometry.

The tip circle diameter tolerances and center distance tolerance are entered via the
respective + button as follows.

(¥ Define tip diameter tolerances *
|
Gear 1 Gear 2
Tip dismeter tolerance (IS0 285) AdAiT h7 B  Tifdismeter tolerance (IS0 286) Ada?T
Tip diameter upper tolerance ~ Adals 0 mm Tip diameter upper tolerance  Ada2s 0 mm
Tip diameter lower tolerance AOdali 0 mm Tip diameter lower tolerance Ada2i 0 mm
Tip chamfer hkl 0 mm Tip chamfer hi2 0 mm

Figure 2-9 Input of tip circle diameter tolerances via the + button at the Tip circle.

($\ Define center distance tolerances %
| Center distance upper tolerance fas 0.15 mm
Center distance lower tolerance fa.i rD“\i mm

Cancel
Figure 2-10 Input of center distance tolerance via the + button at the Center distance.

2.4 Sizing

The gear geometry is unknown and to be sized, i.e. number of teeth, face width, module,
etc. The target gear ratio of the stage is known as u; = 3.50. Based on experience, the
number of teeth of the pinion is chosen as z; = 13. Lower tooth numbers tend to cause
undercut, and the number is a prime. The number of teeth of the wheel follows as z, = z,
* uz =46 (rounded up). The helix angle is set to B = 12° (for this, first define that the gear
is helical and left hand, using “+” button), the normal module m, =22.00 mm, the face
width estimated at 250 mm for the pinion and 240 mm for the wheel, based on similar
stages. For the profile shifts, starting values of x; = 0.50 and x, =-0.50 are used. The
center distance follows.

Accordingly, the sizing method selection z, mn, x1, x2 -> a is chosen, i.e. the center
distance is calculated from the inputs.
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Helix angle B 12

Center distance

pplication factor
x

Number of teeth z 13 o

Helix direction  Helix left hand ~
Face width b 0
Profile shift coeffi t 0
rofile shift coefficien x e
Tin dizrmatar A n

Figure 2-11Definition of gear as left hand helical gear.

General Geometry Reference profile Details for strength Load spectrum
Normal module

Normal pressure angle

Helix angle

Center distance a 301.59 mm
MNumber of teeth z 13

Face width b 150

Profile shift coefficient x 0.5

Tip diameter d, 162.904

Innendurchmesser d 0 280 mm

zmnxl,x2=a

Required life H 25000
Application factor K. 125
Reference gear Gear2

Material gear 1 20MnCr5, case hardened, Eh, MQ

Material gear 2 20MnCr5, case hardened, Eh, MQ
Material housing Steel
Lubricant 150 VG 480 mineral il

Figure 2-12Selection of sizing method (top right) and input of known parameters.

The calculation is now executed, and the center distance follows.

IR MESYS Cyline Gear Pair Calculation - Tutorials
File  Calculation Graphics  Extras  Help
=

General Geometry Reference profile Details for strength Load spectrum
Normal module m, 10 mm
Normal pressure angle o, 20
Helix angle g N
Center distance m
Number of teeth z 13 46
Eare width L 180 1n s

z,mn,x1, a=x2

Required life H 25000
Application factor K., 125
Reference gear Gear 2

Material gear 1 20MnCr5, case hardened, Eh, MQ

Matarial noar 7 IMAAr S race hardanad Eh KAC

Figure 2-13 Run calculation and resulting center distance.

Innendurchmesser d, 0 280 mm

h

w

To adjust the center distance, the sizing method is changed to z, mn, x1, a -> x2. l.e. x4
and a are specified and x; is calculated. With a = 301.00, after recalculation x, =-0.56.
The safety factors for the tooth flank, tooth root and scuffing calculation are displayed in

the Results overview window.
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File Calculation Report Graphics Extras Help

General Geometry Reference profile Details for strength Load spectrum
Normal pressure angle o 20 S Required life H 25000 h
Helix angle B S Application factor Ko 125
Center distance a 301 m Reference gear Gear 2 ~
Number of teeth z 13 46 Material gear 1 20Mn(Cr5, case hardened, Eh, MQ ~
Face width b 150 Al m Material gear 2 20Mn(Cr5, case hardened, Eh, MQ ~
Profile shift coefficient 3 0.5 -0.558627 Material housing Steel )
Tip diameter d, 162.904 478.104 mm Lubricant 15O VG 460 mineral oil v
Inner diameter d, 0 280 mrm Type of lubrication Submerged in oil ~
Normal tooth allowance DIN 3967 25 vic v 25 v c v Qil temperature Opa 90 °C
Tolerance class 150 1328 7 ~| RS~ 7T ~ R4 -
Result overview o |
Transverse centact ratio o 142634 Overlap contact ratio g 0.926525 Total contact ratio g 235287
Specific sliding at root 1 -1.77644 Specific sliding at root 2 -2.64373 Safety factor for tooth breakage SF 265933
Safety factar for pitting SH 0943128 l Safety factor scuffing Sints 21039 l Safety factor scuffing SE 171035
Messages Result overview
M| @

Figure 2-14 Entered center distance a = 301.00 mm, calculated profile shift x. = -0.56, safety factors.

2.5 Load capacity verification

The tooth flank safety factor with Sy, = 0.94 does not meet the requirements, nor does
the scuffing safety factor Sg = 1.71 which is too low. The scuffing safety factor Sins = 2.10
and the tooth root safety factor Sg = 2.66 meet the requirements or exceed them
respectively.

Via the menu Graphics various graphs can be displayed for visualization of the gear and
its properties.

E.E' Spezifisches Gleiten dber Durchmesser
21| 05 —Zphnrad 2
Ex B 0
x| 5 s
]
| g 1
vy | =
b ﬁ -15
R &
-2
2 -2.3
7| s o st o e s
P R A B s L
i jad jac s i o o =4
Durchmesser Rad 1 [mm]
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Tooth root stress Gear 1
18 —sigl
17 —sighM

Tooth root stress Gear 1 [MPa]

260

g ¥ 8 B E

27
274

Diameter Gear 1 [mm]
Figure 2-15 Various graphs for the mesh, the gears and their properties.

The detailed calculation report is generated via F6 or the menu Report/Show report.

MESYS Cylindrical Gear Pair Calculation 12-2025a1 - Tutorials
File name:
are B AG

Enginesting » Consulting » Softw Project name: Tutorial Cylindrical Gear Pair 01
Description: Sizing and rating of a cylindrical gear pair
Date: Menday, 1. June 2026

Cylindrical Gear Pair Calculation

Input data
Geometry
Normal module mn 10.000 mm
Normal pressure angle an 20.000 °
Helix direction Helix left hand
Helix angle B 12.000 °
Center distance a 301.000 mm
Center distance upper tolerance Aas 0.1500 mm
Center distance lower tolerance Aa.i -0.1500 mm

Gear 1 Gear 2
Number of teeth z 13 46
Face width h 1500000 140 ONON_mm

Figure 2-16 Calculation report.
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3 Optimizations

3.1 Scuffing

In the calculation of the scuffing safety factor per the flash temperature criterion, Sg,
profile modifications are considered. Per the task definition, no modifications are
present; accordingly, the input for tip relief C, = 0 um and root relief Cs= 0 um for both
gears in tab Details for Strength. This leads to a high flash temperature at the beginning
and end of the mesh. The corresponding graph is found in the menu Graphs/Contact
temperature. It shows that the contact temperature rises to about 240°C, making the
lubricant film unstable and the scuffing risk high.

Centact temperature
240 —thetak

Tthetaly |
220

200
180
160
140

Cantact temperature [*C]
I

120

100

o - o~

- o~ o~ = o @
o o o =1 =1 —_

Position on path of contact []

Figure 3-1Contact temperature graph, without tip relief.

In the report, in the section Scuffing - Flash temperature the following can be found:
Optimal tip relief. This is the profile modification that leads to the lowest contact
temperature. A tip relief of 50 um is added each on the pinion and wheel and run the
calculation again, the calculated safety factor increases from Sg = 1.06 to Sg = 1.82 and
the contact temperature drops to approx. 230°C.

General Geometry Reference profile Details for strength Load spectrum

Dynamic factor K, 1.00032 [EI Tip relief c, 100 100| |_|m]
Meszh load factor K, 1 Root relief G 0 ] pm
Fare Inad coefficient K- 15 Surface ronnhness flank R.. 7 7 um

Figure 3-2 Input of tip relief in tab Details for strength.

1

Centact temperature
—thetab
180 thetall

170
160
150
140 o =

130
120
110
100

o

Contact temperature [°C]

- o~ & = @ o® C o~
S o s S o o =
' |

|
Position on path of contact []

L - 1

Figure 3-3 Contact temperature graph, with tip reliefs.

This has significantly reduced the contact temperature. Alternatively, or additionally, the
load-carrying capacity of the lubricant can be increased by using a lubricant with a
higher scuffing load stage. The scuffing load stage can be changed in the Geometry, via
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the + button at the Lubricant, Lubricant = Own input input. Modern lubricants reach

scuffing load stage 14.

| [H Define lubrication data X

Oil ~

| Kinematic viscosity at 40°C w40 450 mméfs

| Kinematic viscosity at 100°C w100 30 mm?/s
Ol density

| FZG load stage

Lubricant factor for scuffing XL 1

Cancel
Figure 3-4 Increase of scuffing load stage from 12 to 14.

When the calculation is run again, the scuffing safety factor Sg increases to Sg = 3.69 and

meets the requirement.

N
(A MESYS Cylindrical Gear Pair Calculation - Tutorials - [m}
File Calculation Repert Graphics Extras Help
General ~ Geometry  Referenceprofile  Details forstrength  Load spectrum
Normal module m, 10 mm zZ, mn,x1, 3= x2 ~
Nermal pressure angle o, 20 - Required life H 25000 h
Helix angle g2 c Application factor K 125
Center distance a En mm Reference gear Gear 2 ~
Number of teeth z 13 46 Material gear 1 20MnCr5, case hardened, Eh, MQ ~
Face width b 150 140 mm Material gear 2 20MnCr5, case hardened, Eh, MQ ~
Profile shift coefficient x 0.5 -0.558627 Material housing Steel ~
Tip diameter d,  162.904 478,104 mm Lubricant Own Input ~ ]
Inner dismeter 4 0 280 mm Type of lubrication Submerged in ol =
Mormal tooth allowance DIN 3967 25 vc ~||2 v[c ~ Qil temperature Qo 90 =C I
Tolerance class 150 1328 7 ~ R~ |7 v R v
|
|
Result overview o :
Transverse contact ratic o 142634 Overlap contact ratio zp  0.926525 Total contact ratio &y 235287
Specific sliding at root o -1.77644 Specific sliding at root 2 -2.64373 fat tooth brecal £E__leiis
Safety factor for pitting SH 0.943128 Safety factor scuffing SintS 2.69585 [Safety factor scuffing SB  3.60048
Messages Result overview
M| @

Figure 3-5 Scuffing safety factor Sg, after increase of scuffing load stage from 12 to 14, input Lubricant = Own input.

3.2 Tooth flank load capacity

The calculated tooth flank safety factor can be increased by making the gear larger. This
approach is trivial; within the scope of this software tutorial, three other effects are

demonstrated

1. Reduction Kyg.
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2. Flank modification, factor fzca.
3. Modification of the S-N curve.

The face load factor Kig = 1.50 may be conservatively chosen; it is set to Kug = 1.25.
Accordingly, it is assumed that modifications are designed computationally via contact
analysis, and thus fzca = 1.00 may be set (ISO 6336-2, Table 3). Third, it is accepted that
after some time a degree of pitting appears on the tooth flanks (compare S-N curve (1)
per Figure 6 in ISO 6336-2 with S-N curve (2)).

—_—

[ MESYS Cylindrical Gear Pair Calculation - Tutorials - [m]
File (Calculation Report Graphics Extras  Help
ol gEHS
General Geometry Reference profile Details for strength Load spectrum
Dynamic factor Ky 1.00203 O Tip relief C 50 50 um
load factor L 1 Root relief G 0 0 Hm
Face load coefficient Kyg 125 Surface roughness flank R 7 7 um
P rofle e ahinne amneneaie deflec ions Surface roughness root Rz 16 16 wm
B Limited pitting allowable Web thickness b, 0 0 mm
Required safety factor root Semin 13 Number of meshes Ny 1 q
Required safety factor flank Sumin 1.2 Reversed bending Mo v || Neo v
Mean stress influence factor Yu 1 1 ]
Life factar limit for 10" cycles Yamm 0.92 0.92
Life factor fimit for 10" cycles Zore 0.92 0.92 I
[ Flank modification (fZCa) For uniform distribution ~ ] |
Contact Mr\ Un?roven ~ I
Helix modification MNone ~ |
Relative welding factor KWrelT 1 |
Result overview o |
Transverse contact ratio za 142634 Qverlap contact ratio zp 0926525 Total contact ratio &y 235287
|_Specific sliding at root F(a i Specific sliding at root 2 -2.64373 Safety factor for tooth breakage SF 3.0397
Safety factor for pitting SH 1.28209 Safety factor scuffing SintS 2.89311 Safety factor scuffing SB 43056
Messages Result overview
M| @

Figure 3-6 Changed inputs, influence on tooth flank safety factor (and others).
The safety factor for pitting now satisfies the requirement with Sy = 1.28 > Symin = 1.20.

The file MESYS-Tutorial-Cyl_gearpair_01-ww-v2500.mCGP reflects this status.

4 Further gear sizing procedures

4.1 Initial sizing

Above, the number of teeth, module and tooth width were determined from experience
with similar gears. These empirical values are not always available, and the desire is to
obtain a suggestion for the size of the gearing from the loads.
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This is implemented in MESYS by selecting T, u =>z, mn, X, b, a for the design strategy.
The inputs are then

e The load, required service life, K-factors, the load spectrum.
e Angle of engagement and bevel angle, tolerances and inner diameter.
e Material and lubrication.

Enter the desired translation, here u = 4.50. Number of teeth and module are now grayed
out and still come from the calculations above.

General Geometry Reference profile Details for strength Load spectrum

Mormal module m, 10 mm Tu=zmnxba ~
Narmal pressure angle o 20 ° Required life H 25000 h
Helix angle B 12 ° Application factor Ks 125

Center distance a 301 mm Reference gear Gear 2 ~
Required gear ratic u 4‘5| Material gear 1 20MnCr3, case hardened, Eh, MCQ ~
Mumber of teeth z 13 46 Material gear 2 20MnCr3, case hardened, Eh, M ~
Face width b 150 140 mm Material housing Steel ~

Figure 4-1 Sizing the gears from the required gear ratio and the given torque, etc.

If the calculation is now executed, a gear is defined that meets the required safety
factors Suminand Semin. Module, center distance and tooth width can be adjusted
afterwards. This allows specifications from production, for example, to be considered.

General ~ Geometry  Referenceprofile  Details for strength  Load spectrum

Normal module m, &1 mm T, u=zmnxb,a ~
Nermal pressure angle o, 20 ° Required life H 25000 h
Helix angle B 12 ° Application factor Ky 125

Center distance a 319.905 mm Reference gear Gear 2 ~
Required gear ratio u 4.3 Material gear 1 20MnCr3, case hardened, Eh, MQ ~
Number of teeth z 14 63 Material gear 2 20MnCr3, case hardened, Eh, MO ~
Face width b 116 116 mm Meaterial housing Steel ~
Profile shift coefficient x 0.450138 -0.314115 Lubricant Own Input ~

Tip dismeter d, 139399 532785 mm Type of lubrication Submerged in oil ~

Result overview s |
Transverse contact ratic e 144427 Overlap contact ratio B 0.947768 Total contact ratic gy 239204
Specific sliding at root 1 -1.78295 Specific sliding at root 2 -1.78295 Safety factor for tooth breakage SF 253418
Safety factor for pitting SH  1.20051 Safety factor scuffing Sints 3.19079 Safety factor scuffing SB 490612
Messages Result overview
M| @

Figure 4-2 Resulting gear geometry, requirements on flank and root safety factor are met.

If the sizing method is changed to z, mn, x1, a = > x2, the module, center distance and
width can be adjusted. After the calculation, the corresponding collateral can be found
in the results overview.
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File Calculation Report Graphics Extras Help

General Geometry Reference profile Details for strength Load spectrum

Nermal medule m, 8 m z,mn, x1,a=>x2 ~
Normal pressure angle - = H 25000 h
Helix angle - Application factor K. 125

Center distance a 320 m Reference gear Gear 2 ~
Number of teeth o Material gear 1 20MnCr5, case hardened, Eh, MQ ~
Face width i 120 118 mm Material gear 2 20MnCr5, case hardened, Eh, MQ ~
Profile chift coefficient x 0.449689 0.225855 Material housing Steel v

Tip diameter d,  137.697 534.873 mm Lubricant Own Input ~
Imme Bimermbnr A n 20n — Tomm ok ot abine Corhmarmadd in nil

Result overview al
Transverse contact ratio za 142838 Qverlap contact ratio zf 097616 Total contact ratic gy 240454
Specific sliding at root 1 -1.92255 Specific sliding at root 2 -1.40893 Safety factor for tooth breakage SF  2.53767
Safety factor for pitting SH 1.24727 Safety factor scuffing Sints 3.50385 Safety factor scuffing SB 5.86741

Messages Result overview

Figure 4-3 Modified sizing and results overview.

4.2 Sizing of module and face width

Open file MESYS-Tutorial-Cyl_gearpair_01-ww-v2500.mCGP.

Atypical question in gear design, especially in industrial gearboxes, is the question of
module and tooth width if the number of teeth and the center distance are given. In
practice, this is the case if the housing already exists, along with the required gear ratio.
From experience, a minimum number of teeth, e.g. z:= 11, is often required for the
pinion. With a required translation, e.g. u = 3.20, we find the number of teeth on the gear
as z, = 35. The center distance in the housing is given as a = 290.00 mm. The helical
angle is chosen as 3 = 20° assuming we design the first stage rotating at higher speed.

General Geometry  Referenceprofile  Details for strength Load spectrum

Normal module m, 18 mm v
Mormal pressure angle a, 20 = REgEwea H 25000 h

Helix angle Application factor K, 125

Center distance Reference gear Gear 2 ~
Mumber of teeth Material gear 1 20MnCr5, case hardened, Eh, MQ ~
Face width Material gear 2 20MnCr5, case hardened, Eh, MQ ~
Profile shift coefficient X 0.440444 -0.338913 Material housing Steel b

Tip diameter d,  172.003 455.075 mm Lubricant QOwn Input b

Figure 4-4 Input of number of teeth, center distance, helix angle. Selection of sizing method.

After running the calculation, safety factors meet the requirements and a suitable gear
geometry results.
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Qﬂ MESYS Cylindrical Gear Pair Calculation - Tutorials - MESYS-Tutorial-Cyl_gearpair_01-ww-v2500-hd-public mCGP

- [m] x
File Calculatig Graphics Extras  Help
= I:i & l =
General Geometry Reference profile Details for strength Load spectrum
Nermal medule m, 118 mm ra=mnxb ~
Normal pressure angle o 20 Required life H 25000 h
Helix angle B 20 Application factor K. 125
Center distance a 290 mm Reference gear Gear 2 ~
Number of teeth z 11 33 Material gear 1 20MnCr5, case hardened, Eh, MQ ~
Face width b 138 138 mm Material gear 2 20MnCr5, case hardened, Eh, MQ ~
Profile shift coefficient x 0.44p444 -0.338913 Material housing Steel ~
Tip diameter d, 172003 455.075 mm Lubricant Own Input ~
Inner diameter d 0 280 mm Type of lubrication Submerged in il ~
Mormal tooth allowance DIN 3967 25 v v |25 v o v Qil temperature Qe 90 °C
Tolerance class 150 1328 7 v R v T v R4 v
Result overview o |
"rransvarsem!tm e 131626 Overlap contact ratio £ 1273 Total contact ratic ey 2.58047 Specific sliding at root 21 -2.50665
Specific sliding at root 72 -2.59665 Safety factor for tooth breakage SF  3.2686 Safety factor for pitting SH  1.26037 Safety factor scuffing Sint¢ 2.95087
Safety factor scuffing 5B 3.1444

Messages Result overview

Figure 4-5 Executing the calculation, resulting gear geometry, resulting safety factors.

Specific sliding over diameter

Diameter Gear 1[mm)]
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Figure 4-6 Graphics from menu Graphics/Gear engagement, Graphics/CAD/Gear Engagement (3D), Specific sliding

over diameter.

With ¢ =-2.23, the specific sliding value is somewhat high in absolute terms. MESYS

selects the profile shift factors such that {x = . applies. The graphic Graphics/Specific

sliding over profile shift shows that a change of the profile shift coefficient for the pinion

(gear 1, x-axis) will lead to a worse situation.

Specific sliding over profile shift
Specific sliding over profile shift

Specific sliding []

PO TN SR S

Profile shift coefficient gear 1[]

~rGear-2

=
L .
4 & m 32 &8 &8 5 B35S
S o = o =1 =] =]
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Figure 4-7 Graphic Graphics/Specific sliding over profile shift. Currently, the specific sliding is balanced (¢ = 2 ) and
therefore minimized. A change of profile shift for gear 1 (and therefore also for gear 2 in opposite direction) resultsin a
worse situation.

To reduce the absolute value of &, increase the profile shift for both gears. Since the
center distance is given, the helical angle must be reduced. To do this, the sizing
strategy is changed back to z, mn, x1, a =>x2 and with B =10° and x; =0.70 as input, X, =
0.81 results. The safety factors are within the specifications, and the resultis very low
absolute values for specific gliding.

I\ MESYS Cylindrical Gear Pair Calculation - Tutorials - MESYS-Tutorial-Cyl_gearpair_01-ww-v2500-hd-publicmCGP — [m] X

File Calculation Report Graphics Edras Help
| H Hﬁ I ] L=

General ~ Geometry  Referenceprofile  Detailsforstrenqth  Load spectrum

Normal module m, 11.8 mm z,mn,x1, a=x2 ~
MNormal pressure angle o, 20 © Required life H 25000 h
Helix angle B 10 - Application factor K, 125

Center distance a 290 mm Reference gear Gear 2 ~
MNumber of teeth z n 35 Material gear 1 20MnCr5, case hardened, Eh, MCQ ~

Face width b 138 138 mm Material gear 2 20MnCr5, case hardened, Eh, MC ~
Prefile shift coefficient x 0.7 0.722385 Material housing Steel ~

Tip diameter d, 167181 455278 mm Lubricant Qwn Input ~
Inner diameter 4 0 280 mm Type of lubrication Submerged in oil ~
Normal tooth allowance DIN 3367 25 vlc v||85 vle v Qil temperature B 90 RE
Tolerance class 150 1328 7 ~ RH ~ T ~ R4l v

Result overview l o

| SE—
Transverse contact ratio za 1.11671 Overlap contact ratio p 0646424 Total contact ratio zy  1.76313 Specific sliding at root 1 -1.13887
Specific sliding at root f2  -1.38147 Safety factor for tooth breakage SF  2.73021 Safety factor for pitting SH 1,194 Safety factor scuffing Sint! 3.49072

Safety factor scuffing SB 4.10225

Messages Result overview

Figure 4-8 Modifying the gearing, center distances remains, helix angle is lowered.

v Specific sliding over diameter
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Figure 4-9 Gears with optimized profile shift and low specific sliding.

4.3 Sizing of internal gear
Open file MESYS-Tutorial-Cyl_gearpair_01-ww-v2500.mCGP.

In MESYS, the design is also possible for internal gearing. The number of tooth ratio u is
then negative. Select sizing option z1, u, mn, x1, x2 =>z2, a and enter u =-3.50. From
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experience, x1 = 0.50 and x; =-1.00 is set, the other values are left as they are. The

calculation is executed.

If the entry for the ring gear inner diameter (i.e. the absolute largest diameter, the
outside) is forgotten, the following message appears. Inner diameter should be set to d;
=0.00, thenitis set to |di| = |df| + 4*m..

| i MESYS Cylindrical Gear Pair Calculation

Input value for 'Inner diameter’ is wro

X

ng

Please enter a value larger 436.812mm

OK

J

Figure 4-10 Message that the input of the diameter for the internal gear is not suitable.

The reference profile of the internal gear is automatically adjusted, the maximum
possible tool tip radius is set.

i MESYS Cylindrical Gear Pair Calculation

I The tool tip radius for gear 2 is set to

the maximum value of 0.114567!

{ OK Ignore

Figure 4-11 Message that the internal gear tool tip radius is set to the maximum possible value.

=M $Ee

General ~ Geometry  Refarence profile

Normal module
Normal pressure angle
Helix angle

Center distance
Required gear ratio
Number of teeth

Face width

Profile shift coefficient
Tip diameter

Inner diameter

Normal tooth allowance DIN 3967

Tolerance class 1SO 1328

Result overview

Transverse contact ratio ea 1.43629
Specific sliding at root Tf2  -0.50519
Safety factor scuffing SB 16.0444

File Calculation Report Graphics Extras Help

Details for strength Load spectrum

m, 10 mm
o 20
B 12
a 168.15 mm
u -3.5
Iz 13 -45
b 150 140 mm
[x o -1 |
d, 163.752 459.205 mm
d, 0 0 mm
25 v|c v|[25 c v
i R&1 ~ 7 ~ RN

Overlap contact ratio

B

Safety factor for tooth breakage SF

0.926525

353572

I\ MESYS Cylindrical Gear Pair Calculation - Tutorials - MESYS-Tutorial-Cyl_gearpair_01-ww-v2500-hd-publicmCGP

Required e

Application factor
Reference gear
Material gear 1
Material gear 2
Material housing
Lubricant

Type of lubrication

Oil temperature

Total contact ratio gy 2.36282

Safety factor for pitting SH  1.89875

H 25000 h

125

Gear 2 b

20MnCr5, case hardened, Eh, MQ

Ka

20MnCr5, case hardened, Eh, MQ v
Steel
Own Input

Submerged in oil

G 90 °C

Specific sliding at root {1 -1.30163

Safety factor scuffing Sint! 370741

Messages Result overview

Figure 4-12 Situation and results after the calculation.
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Graphics Graphics/Gear engagement and Graphics/CAD/Gear engagement (3D) are
opened to visualize the mesh. The thickness of the ring gear is too low, set di, = 580.00
and repeat calculation.

Gear engagement n

O o o B 89 BB

B o Yo i 4D

Figure 4-13 Top: Mesh and 3D geometry with original ring gear thickness. Bottom: Ring gear inner diameter set to dix =
580.00 mm.
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