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2 Task description

2.1

For pitting and bending rating, 1ISO 6336 series, in particular parts 1, 2, 3, 5 and 6 are commonly used. The
revision of 2019 replaced the prior revision of 2006, bringing significant changes. Some of these changes and
their effect are studied in this exercise:

Introduction

Hanspeter Dinner

Introduction
150 6336 is the most widely used and
technically advanced document for
cylindrical gear strength rating. It falls
under the responsibility of 150 techni-
cal commitiee TC 60, subcommitiee 2,
work group WG 6 “Gear Calculations”
Convenor of WG6 is Prof. Dr. Tng.
Karsten Stahl of the FZG Munich,
Germany

The third edition of ISO6336 has
been extended and now includes the
now replaced TSO/TR 139891 and -2
on sculfing, the now replaced 1SO/TR
151441 and -2 on micropitting, and a
new pact 4 on tooth flank fracture,
Calculation examples form parts 30 and
31. The different parts and chassification
as standard, technical specification or
technical report are listed in the below
table.

In ISO/TR 6336 30:2017, (Ref.11), cal
culation examples based on IS0 6336

Changes in IS0 6336:2019 —
Parts1,2,3,5and 6

Tablo 1 _Parts of the [S05336 saries

Caicalation oflosd capacity of spur and helical gears

ForeT i prices iroduc o snd general
ol surface

> = (EE

=

Pari 7Z Calcalation of microp
Fi‘\nh\:u\inwmm ot o e appcalon ot
Ck

x

IS0ES3H pa 3.5

X

for each section.
= Only normative annexes are addressed
here. Informative annexes are not docu.

m x

lnm:ZDWtdlmmmmmﬂx
edition were corrected

mmumwmwxmrmimpa

fom 125 fy.. o

nul

12006, (Ref. 1), . (ReL.3),
150 6336-3:2006, (R 5), 1S06336-
52003, (Ref.7), are given. These docu-
ments are already replaced by the cur
rently valid editions. but as of today.
1SO/TR 6336-30:2017 is based on the
prior cdition. This technical report (TR)
is currently being updated to represent
the changes in 150633612019, (Ref.1).
1506336-2:2019, (Ref.4), 150 6336-
32019, (Ref.6) and 150 6336-5:2016,
(ReL.10).

“The purpose of this paper is to point
the reader 1o changes in the third edi
tion of parts 1, 2, 3.5 and § compared.
0 the previous edition (from the year
2006 for parts 1,2,3, 6 and from the year
2003 for part 5). The paper is linited 0.2
description of the changes and does not
comment on their merit or their conse
quences. Some comments on the limita-
tioms of this paper are due
+ In the 2006 edition, a new sectian often

with some introductory text. In
the 2019 edition, this fext is put inta
subsection " 50 that 1o body of
text i directly beneath a top-level scc-
tion title. This change is not mentioncd

J::mnflmm}ﬁ e, partd, are
umented here. They deserve a
detailed introduction outside the

cr.
ﬁfm..]m;':"..;..s.m the formalas
and calculation examples for ring gears
can be found m(M 17).

1o all parts,  abe with e abbrevited
terms and symbols sed in the

addd o section 3 “Terms, dcﬁmllmls.

symbels and abbreviated ter
 Bibliography has changed i all parts.
Part1 of IS06336:2019
Overview

The scope of ISO6336-1:2019, (Rel.2) is
defined as follows:

“This document preseats the basic
principles of, an introduction 1o, and the
general influence factors for the calcula
tion of the load capacity of spur and heli-
cal gears. Together with the other doct
ments in the 1506336 series it provides
a method by which different gear designs
can be compared. It is not intended to
assure the performance of assembled
drive gear systeams. I s not intended for

use by the peneral engineering public
Tnstead, it is intended for use by the expe-
rienced gear designer wha is capable of
selecting reasonable values for the factors
in these formulae based on the knowl-
edge of similar designs and the avareness
‘of the effects of the items discussed.
‘The formulac in the ISO6336 series are
intended 1o cstablish a uniformly ac
able method for calculating the load
capacity of cylindrical gears with straight
or helical involute teeth”

‘The introduction section now includes
above overview of the 150 6336 docu-
ments, Table 1, as parts 4, 20, 21, 22. 30
and 31 have been added to 1506336

This part now inclades as normative
reference 150 217712007, (Ref. 13), for
cylindrical involute gear geometry. This
standard was published in 2007 and in
150 6336:2006, no reference to such a
standard was available. 1SO6336:2019
now stales thal terms and definitions of
150217712007 apply, along with those
from 150 1122-1:1998 (Ref. 12). With
this, the gear strength rating standards
are linked to gear geometry calculation
standards.

Structure of 1S06336-1:2019,
compared to previous edition
Foreword, Introduction, Sections 1,
2 and 3 maintain their structure. The

v gesrischology.com]

5 GEARTEGHNOLOGY | Juna 2021

Figure 2.1-1 Paper describing the changes in detail, Fehler! Verweisquelle konnte nicht gefunden werden.

2.2 Given data

Complete the following task. Start with the example file shown below, pay attention not to overwrite / save the
original example file. In all tasks, we look at the pitting safety factors SH1 (for the sun), SH2 (for the planet) and
SHS3 for the ring gear as well as at the bending safety factors SF1 (for the sun), SF2 (for the planet) and SF3 (for
the ring ear).

Examples F X

Systems ~
Single gear

Gear pair

Pinion with rack

Flanetary gear

€% 015pur Planetary (150 6336)

& 02 Spur Planetary (AGMA 2101)

& 03 Helical Planetary (Annex E Shaft For P...

3: 04 Double Pinion Planetary (3 strands)

8} 05 Double Pinion Planetary (5 strands) hd
Contents Search Tutorials

v v v

Examples

Figure 2.2-1 Example file to start with for all tasks.

Change the following parameters in tab “Basic data”:
Set the face width to 15mm for sun, planet and ring gear:
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Geometry

sun Flanets Internal gear
= TOEr o e e = a =7
Facewidth b 15.0000 | | 15.0000 | | 15.0000 | mm [
—FrofiEshf e e RcICan! ——r — = 2

Quality (150 1328:2013) A | 5| 5] 5]

©

Figure 2.2-2 Change the face width to 15mm for all gears

In the tab “Strength”, change the power and switch off all calculations except for pitting and bending:

Driving gear [5un gear ~| O Reference gear [5un gear |

Working fiank, sun [right fiank v Ol Speed In:l | 1200.0000 | ymin O 4]
Sense of rotation sun |dod<wise | (O] |I| Torque T4l | 39.?88?| Mm ®
Required service life H | 20000.0000 | h 3| Power Pl 5.0000 | kw
Calculation method

Factors, root, flank  [ISO 6336:2019 | & Micropitting Mo calculation |

Scuffing

Tooth flank fracture

Mo calculation w

&

Subsurface fatigue |No calculation

Reliability

&

|No calculation

Figure 2.2-3 Change the power to 5.00 kW and activate only pitting and bending rating

In tab “Factors”, set all K factors to unity, except for the mean stress influence factor of the planet at 0.70:

General factors

Application factor K| 1.0000 |
Sun - Planets Flanets - Internal gear

Dynanic factor Ko | 1.0000 | | 1.0000 |

Transverse load factor Ko | 1.0000 | | 1.0000 |

Mesh load factor, uneven load distribution for multiple path transmissions

Method |Owr1 input ~ |

Mesh load factor Ko 1.0000 |

Alternating bending factor {mean stress influence coefficient)

Method |Predeﬁned ~ |

Sun Flanets Internal gear

Alternating bending factor ¥ | 1.0000 | | 0.7000 | | 1.0000 |

Face load factor

Method |Owr1 input ~ |
Sun - Planets Flanets - Internal gear

Face load factor Kes | 1.0000] | 1,0000 |

Figure 2.2-4 Setting all K factors to = 1.00

Run the calculation and accept below proposal by pressing “Yes”:

12.10.2021

K Warning
Gear 3
Equivalent tip relief Ceq: 8.5 um
Optimal tip relief Ceq: 6.8 pm

According to ISO/TS6336-20, -22 & -4, the tip reliefis in the optimum range.
The tip relief can therefore be considered as optimal.
Recommended: Enable flag "Optimal tip relief [Ca0pt]™.

Do you want to apply this data?

Mo
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Figure 2.2-5 Accept the proposal by pressing “Yes”.

Save the file, see file “Exercise-Cyindrical-99-ISO_6336_bending_pitting_changes_start-en-v2100-hd-
public.z14”.

2.3 Tasks

Task 1: Save a copy of the file “Exercise-Cyindrical-99-ISO_6336_bending_pitting_changes_start-en-v2100-hd-
public.z14” as “Exercise-Cyindrical-99-ISO_6336_bending_pitting_changes_task_1-en-v2100-hd-public.z14”.
Run pitting and bending strength calculation using 1SO 6336:2006 and ISO 6336:2019. Compare the results.

Task 2: Save a copy of the file “Exercise-Cyindrical-99-1SO_6336_bending_pitting_changes_start-en-v2100-hd-
public.z14” as “Exercise-Cyindrical-99-ISO_6336_bending_pitting_changes_task_2-en-v2100-hd-public.z14”.
Change the helix angle to such that ¢3=1.00 results. Adjust the center distance accordingly and compare the two
calculation methods.

Task 3: Save a copy of the file “Exercise-Cyindrical-99-ISO_6336_bending_pitting_changes_start-en-v2100-hd-
public.z14” as “Exercise-Cyindrical-99-ISO_6336_bending_pitting_changes_task_3-en-v2100-hd-public.z14”.
Consider two tooth thickness tolerances, once as in the original file and once as zero. Compare the ratings for
root strength only.

Task 4: Save a copy of the file “Exercise-Cyindrical-99-ISO_6336_bending_pitting_changes_start-en-v2100-hd-
public.z14” as “Exercise-Cyindrical-99-ISO_6336_bending_pitting_changes_task_4-en-v2100-hd-public.z14”.
Change the tooth height such that a transverse contact ratio of ea=2.05 results. Compare the ratings for the
original contact ratio (based on file ..._start-...) and the high contact ratio (based on file ..._task_4-...). Use a
reduced pressure angle of a = 15° and pfP* = 0.10 for sun and planet for all calculations.

3 Task 1

3.1 Calculation with ISO 6336:2006

In the file, the calculation method along ISO 6336:2019 is selected. Change it to ISO 6336: 2006 as shown
below. Run the calculation to find the pitting and bending safety factors for z1 (sun), z2 (planets), z3 (ring gear):

Calculation method

Factors, root, flank |ISO 6336:2006 (replaced) B |

Figure 3.1-1 Calculation method selected as ISO 6336:2019.

Run the calculation by pressing F5 command on the keyboard to find:

Results (basic calculation)

Contact ratios, Sun - Planets [Eam/EplEym] 1.354 7 0.000 /7 1.354
Contact ratios, Planets - Infernal gear [Eam/EplEym] 1.586 7 0,000/ 1.556

Sun Planets Internal gear
Actual tip circle {mm) 24737 29635 76.459
Root safety 2754 1.994 1.208
Flank safety 1.130 1.215 0.243
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3.2 Calculation with ISO 6336:2019

Change the calculation method to ISO 6336:2019 and re-run the calculation:

You will find the results:

Results (basic calculation)

Contact rafiog, Sun - Planeis

Calculation method

Factors, root, flank

150 6336:2019

]

Figure 3.2-1 Change calculation method to ISO 6336:2006.

Contact rafioz, Planets - Internal gear

Actual fip circle {mm)

Root safety

Flank safety

3.3 Findings

[Ezrm/Ep ]
[Ezrm/Ep ]

1354 1 0.0007 1354
1.586 ( 0.000/ 1.536

Sun

24737
2785
1.130

Figure 3.2-2 Change calculation method to ISO 6336:2006.

Planets
29635
1.994
1.215

Internal gear
76.439
1.808
0.843

For spur gear of typical transverse contact ratio around 1.50, the changes are visible on the root but not on the
flank rating. Note that in Task 3, an influence on the flank rating is visible in case that helical gears are used.

4 Task 2

4.1 Setup

Use the conversion button for the helix angle and select that the overlap contact ratio should be ¢3=1.00. This will

give the required helix angle:

Helix angle at reference crcle B |

Mumber

12.0895 | © [

K Convert helix angle

Overlap ratio £ ®
mal gear | Center distance a mm ()
-77 | Helix angle at operating pitch cirde B @ O
15.0000 | Helix angle at base cirde Ba = (@]
Helix angle at tip diameter gear A Pas s O
Helix angle at tip diameter gearB  Paa = (@]
Reference drde gear A da mm ()
i,msm Reference drde gear B ds mm () 5
i, case-har| Helix angle at reference cirde B = é
(0. alovel % Accept Calculate Cancel
GEM 1-2321]

Figure 4.1-1 Change calculation method to ISO 6336:2006.

Use the sizing function to determine the new center distance such that the profile shifts do not change:

12.10.2021
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Center distance

Geometry

MNumber of tg
Facewidth
Profile shift g
Quality (IS0
Material and
Sun

Planets

Internal gea

a 25.8602 | m |4

K Sizing center distance

(®) Fix sum of profile shift coeffidents P

Sum of profile shift coeffidents XaHiz 1‘

(O Fix profile shift coeffident Sun gear, balance spedific sliding

Profile shift coeffident Sun gear X1 [

() Fix profile shift coeffident Planets, balance speific sliding

Profile shift coefficent Planets Xz

Center distance a mm 18
g

Accept Cancel -

na

Figure 4.1-2 Re-calculate center distance, it increases from 25.3000 mm to 25.3038 mm.

4.2 Calculation with ISO

6336:2006

Select ISO 6336:2006 as calculation method and run the calculation to find:

Results (basic calculation)

Contact rafioz, Sun - Planeis

Contact rafioz, Planets - Infernal gear

Actual tip circle {mm)
Roof zafety
Flank safety

[Ezm/Zp/Eym]
[Ezm/Zp/Eym]

13237 1.000 /7 2323
15417 1.000 7 2354

Sun Planets

25244 30.305
3.297 2351
1.294 1.347

Internal gear
78219
2777
1.084

Note that the factor fZCa as shown in next section does not exist in ISO 6336:2006, hence, there is no influence
from it and only one set of result is available.

4.3 Calculation with ISO

6336:2019

Select ISO 6336:2019 as calculation method and run the calculation to find:

Results (basic calculation)

Contact ratioz, Sun - Planeis

Contact ratioz, Planets - Infernal gear

Actual tip circle {mm)
Roof zafety
Flank safety

[Eam/EplEym]
[Eam/EplEym]

13237 1.000 7 2323
15417 1.000F 23541

Sun Planets

25244 30.305
3.530 251
1.151 1.230

Internal gear
78.219
2.556
1.084

Now, go to tab “Strength”, to the settings for ISO 6336:20019 rating and change fCZa from fCZa = 1.20 to fCZa =

1.00. Repeat the calculation to find:

12.10.2021
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I_edition-en-v2102-hd-pu... Calculation method

1-en-v2100-hd-public Factors, root, flank

[150 &338:2019

[ | Micropitting

| K Details for root and flank strength calculation

[] check contact stress gus and gus (IS0, DIN) for both gears
Tolerance fields for strength calculation
[] Root safety factor with gear rim influence (VDI 2737)

Profile modification

=T S S S — S ¥ TR

[ allow simplified calculation according to DIN 3290/150 6336 (for plastics)

Single tooth contact factors (pitting resistance according to IS0 6336-2:20139)

Mo calculatior

|according to formulae in the standard (normal)

|Wiﬁ'1 modifications (from LTCA calculation) (fz= = 1.00)

> |

Figure 4.3-1 Change setting for calculation of zone factors, by changing fCZa from fCZa = 1.20 (if no modifications are present for
helical gears) to fCZa = 1.00 (applicable if LTCA is used to optimize flank modifications in lead and profile direction).

Now, the calculation results are again the same as if ISO 6336:2006 was used:

Results (basic calculation)

Contact rafiog, Sun - Planeis

Contact rafiog, Planets - Internal gear
Actual tip circle (mm)

Rool safety
Flank safety

4.4 Findings

[Eam/Ep eyl
[Eam/Ep eyl
Sun
25.244
3.530
1.284

13237 10007 2323
15417 1.0007 234

Planets Internal gear
30305 78.219
251 2.556
1.347 1.084

When having helical gears, in particular if overlap contact ratio is 1.00 or higher, a new factor fCZa influences the
flank rating but not the root rating, only when using 1ISO 6336:2019. The value of the factor is determined by three

options, these are
- No gear modifications are applied

- Gear modifications are suitably applied, based on experience
- Gear modifications are suitably applied, based on loaded tooth contact analysis LTCA

Note that by default, KISSsoft uses a conservative approach which may result in quite different flank rating
values between ISO 6336:2006 and ISO 6336:2019 ratings.

5 Task3

5.1 Calculation with ISO 6336:2006

Run the calculation with the tooth thickness tolerances as present in the original file to find:

Results (basic calculation)

Contact rafioz, Sun - Planeis

Contact rafioz, Planets - Infernal gear

Actual tip circle {mm)

Root safety

12.10.2021

[EamfEplE ]
[EamfEplE ]
Sun
24737
2860

13547 0.0007 1.354
1.586 / 0.000/ 1.556

Planets Internal gear
29635 76.439
2042 2.457
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Now, set the tooth thickness tolerances for the sun, the planet(s) and the ring gear to zero (backlash-free

condition):

Allowances

Gear selection |Sur| gear b |

Tooth thickness tolerance |No allowance et |

Figure 5.1-1 Set tooth thickness tolerance to zero, for all gears (sun, planet(s), ring gear).

Re-run the calculation to find:

Results (basic calculation)

Contact ratios, Sun - Planets [Eam/ZpiEyml 1.354 1 0,000/ 1.354
Contact ratioz, Planets - Internal gear (Eam 2Tyl 1.586 / 0.000/ 1.536
Sun Planets
Actual fip circle {mm) 24737 29635
Root safety 2935 2132

5.2 Calculation with 1ISO 6336:2019

Run the calculation with the tooth thickness tolerances as present in the original file to find:

Results {(basic calculation)

Contact ratios, Sun - Planets [Eam 2Tyl 1.354 7 0,000/ 1.334
Contact ratios, Planets - Internal gear [EamZplEyml] 1.586 7 0,000/ 1.556
Sun Planets
Actual tip circle {mm) 24737 296585
Root safety 2785 1.994

Internal gear
76.489
2.544

Internal gear
76.489
1.906

Now, set the tooth thickness tolerances for the sun, the planet(s) and the ring gear to zero (backlash-free

condition):

Allowances

Gear selection |Sur| gear b |

Tooth thickness tolerance |No allowance et |

Figure 5.2-1 Set tooth thickness tolerance to zero, for all gears (sun, planet(s), ring gear).

Re-run the calculation to find:

Results (basic calculation)

Contact ratios, Sun - Planets (Eam 2Tyl 1.354 1 0,000/ 1.354
Contact ratios, Planets - Internal gear [Eam/ZpEyml 1.586 1 0.000/ 1.536
Sun Planets
Actual fip circle {mim) 24737 28685
Root safety 2995 2132

12.10.2021

Internal gear
76.489
2.0
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5.3 Findings

For external gears, if tooth thickness allowance is set to zero, the results are the same for ISO 6336:2006 and
ISO 6336:2019. However, if tooth thickness allowances are not zero, the results are different. Note that for ISO
6336:2019, root strength is reduced as the lowest tooth thickness is considered (which is more conservative
compared to ISO 6336:2006 approach).

For the ring gear, the results are different anyway as the root strength calculation for ring gears has changed
considerably from ISO 6336:2006 to 1ISO 6336:2019.

6 Task4

6.1 Calculation with ISO 6336:2006

Run the calculation with the original file “..._start-...”, with the pressure angle changed to a = 15° and the original

tooth height to find:

Select reference profile

Designation

Dedendum coeffident

Root radius coefficient

Mormal pressure angle a- = .

Figure 6.1-1 Change the pressure angle.

|Owr1 Input

™~ |

|Enter...

p
0.1000 | l

Figure 6.1-2 Change root rounding factor for sun, planet and ring gear to 0.10.

Results (basic calculation)

Contact ratioz, Sun - Planeis

Contact ratiog, Planets - Internal gear

Actual tip circle {mm)
Roof zafety
Flank safety

[Eam/EplEym]
[

14287 0.000 /7 1.425
1.768/ 0.000/ 1.765

Sun

248603
2044
1.081

Planets
20 636

Internal gear
76.645
2.20
0.879

Now, change the tooth height in the tab “Reference profile” by using the sizing function as shown below:

Select reference profile
Designation

Dedendum coefficient
Root radius coeffident
Addendum coefficient
Protuberance height coef]
Protuberance angle

Tip form height coeffiden

Profile angle of the cham

[ Topping tool

|Own Input ~ | ]
g
Required transverse contact ratio Eamrges | 2.0500 |
Sun Planets \Ioternal gear /

Dedendum coefficent reference profile h's | 1.7370 | | 1.7370 | | 1.3850 |
Addendum coeffident reference profile h'z | 1.4870 | | 1.4870 | | 1.1350 |
Root radius coefficient e | 0.1000 | | 0.1000 | | 0.1000 |

Accept Cancel

12.10.2021
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Figure 6.1-3 Sizing function for high contact ratio HCR gears, targeting transverse contact ratio of 2.05.

Enter the reference profile for the ring gear manually:

Machining step
Gear selection

Pre-and final machining

Final machining Internal gear

Tool selection

Input

Select reference profile

Designation

Dedendum coeffident
Root radius coeffident

Addendum coeffident

Repeat the calculation with the HCR gear to find:

Results (basic calculation)

Contact rafios, Zun - Planeis

Contact rafios, Flanets - Internal gear

Actual fip circle {mm)
Root safety
Flank safety

pe |
e |

|Inherna| gear

|Fina| machining (without pre-machining)

|Reference profile gear

|Fachors

|Own Input

|Enter -

Figure 6.1-4 Input of reference profile for ring gear.

[Ear/ep/Eym] 2037

[Ear/ep/Eym] 2438
Sun

25577

204

1.2G5

6.2 Calculation with 1ISO 6336:2019

Change the calculation method and calculate the gear set for the two conditions, as a low contact ratio gear LCR

and as a high contact ratio gear HCR:

Results (basic calculation)

Contact ratioz, Sun - Planeis

Coniact ratioz, Planets - Infernal gear

Actual tip circle {mm)
Roof zafety
Flank safety

Results (basic calculation)

Contact rafioz, Sun - Planeis

Contact rafioz, Planets - Internal gear
Actual tip circle {mm)

Roof zafety
Flank safety

12.10.2021

[EamEp Eym] 1425/
[EamEp Eym] 1765/
Sun
248603
2002
1.081

[Eam/ZpEyml 2037/
[Eam/Zp ] 2438/
Sun
25577
2510
1.265

{00007 2037
£ 00007 2435
Planets

30.660

1.50&

1.319

0.0007 1.428
0.000/ 1.763
Planets
29 656
1431
1.149

0.000/ 2037
0.000/7 2433
Planets
30.660
2093
1.319

Internal gear
753.671
3.061
1.13

Internal gear
76.645
1.580
0.879

Internal gear
75.671
2.647
1.131
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6.3 Findings

For ISO 6336:2006, the influence of a higher contact ratio on the root strength is small (for the external gears)
while it is large for ISO 6336:2019. This means that the positive effect of a higher contact ratio is more strongly
considered in ISO 6336:2019.
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