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Previous versions of ISO 6336 are no longer valid. 

Refer to www.iso.org.

Contractual documents or certification guidelines that 

refer to ISO 6336 technically refer to the current 

revision (2019). Documents (calculation reports, 

contracts, specifications, certification guidelines, …) 

therefore need either to be specific (e.g. identifying the 

revision to be used) or updated.

It remains to be seen how the changes in the latest 

revision affect gear design procedures and customer 

requirements. It is recommended to gain experience 

with the 2019 revision of ISO 6336 by using both 

calculation methods (along revision 2006 and revision 

2019) in parallel and to compare and assess the 

results.

1. Current situation

ISO 6336:2019 is the only valid revision, other 

revisions are withdrawn
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ISO 6336 now consists of 5 parts, part 1, 

2, 3, 5, 6

Parts 1, 2, 5, 6 are not changed with 

respect to resulting safety factors 

compared to previous version and are not 

discussed further here.

Note that part 4 is an ISO/TS

Parts 20, 21, 22 are also ISO/TS

Parts 30, 31 are ISO/TR

1. Current situation

ISO, ISO/TS, ISO/TR 6336 overview
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There is one change in ISO 6336-1:2019 that affects root strength rating too: Dynamic 

factor Kv is limited Kv≤2.00.

This has been implemented in KISSsoft for several years as a Kv value Kv≥2.00 does not 

make physical sense.

1. Current situation

Comment on selected changes in Part 1
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A new auxiliary factor fZCa is 

introduced, influencing contact factors 

ZB and ZD as follows (see section 6.3).

This presentation focuses on root 

strength and in the examples below, 

fZCa=1.00 applies.

1. Current situation

Comment on Part 2
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Gear rating along ISO 6336:2019 for root and flank 

safety factors is implemented in KISSsoft for release 

2020.

Also, scuffing rating, tooth flank fracture calculation 

and micropitting rating along the respective ISO 6336 

or ISO/TS 6336 methods is included in KISSsoft.

All calculations documented here were performed with 

KISSsoft, Release 2020β

2. Implementation in KISSsoft

Software release 2020
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Nominal tooth root stress

Tooth root stress

Permissible bending stress

2. Implementation in KISSsoft

Basic formulae for root strength
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The new revision ISO 6336:2019 replaces the previous revision ISO 6336:2006.

Changes are mainly affecting the root safety factor SF for external and internal gears.

Tooth form factor 𝒀𝑭 (see sections 4 and 5 below)

1) Influence of tooth form, cross sectional property of tooth. New factor 𝒇ε considers the 

influence of load distribution between the teeth in mesh. → Affects the calculated root 

stresses.

2) For internal gears always the shaper cutter data is used. → Affects the calculated root 

stresses.

3) Manufacturing profile shift xE_i is used instead of x to calculate tooth thickness sFn

(influencing YF and YS). → Affects the calculated root stresses.

Helix angle factor 𝒀𝜷 (see section 6 below)

Considers reduced stress due to oblique contact line, as function of helix angle at reference 

circle β and overlap ratio 𝜀𝛽. → Affects the calculated root stresses. 

Relative notch sensitivity factor 𝒀𝜹𝒓𝒆𝒍𝑻 for static stress (see section 7 below)

Influence of the notch sensitivity relative to test gear. → Affects the permissible static stress 

number for bending.

3. Overview of changes
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ISO 6336: 2006

YF is calculated from the nominal tooth form with the

theoretical profile shift coefficient x.

If the tooth thickness deviation near the root results in 

a thickness reduction of more than 0.05*mn, this shall 

be taken into account, by taking the generated profile, 

xE, relative to rack shift amount mn instead of the 

nominal profile.

ISO 6336: 2019

The tooth form factor is sensitive to the tooth

thickness. When the manufactured geometry is

measured, it should be used. If not, then, based on the

tooth thickness tolerance, the smallest generating

profile shift, xE min, should be used to determine YF

and YS.

4. Tooth form factor 𝒀𝑭

Calculation of YF for different tooth thicknesses

Nominal

Upper

Mean

Lower



| 2020-03-22 | Hanspeter Dinner, Director Global Sales | SAL-REL-ISO6336_comparison-04-EN-WW-HD-PUBLIC.pptx11

4. Tooth form factor 𝒀𝑭

εα𝑛 =
εα

𝑐𝑜𝑠β𝑏
2

ISO 6336:2006 ISO 6336:2019
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ISO 6336: 2006

No such factor.

ISO 6336: 2019

The factor fε considers the influence of load distribution

between the teeth in the mesh. It provides more

accurate results for gears with contact ratios εαn ≥ 2,0.

Contact ratios of εαn ≥ 2,0 are calculated for gears with

high helix angles, high contact ratios, εα, or both. Note:

For spur gears with contact ratios εαn ≤ 2,0 the factor fε
is equal to one according Formula (10). For helical

gears with overlap ratio εβ ≥ 1 the factor is calculated

according to Formula (14). Formulae (12) and (13)

provide a smooth function for fε between Formulae

(10) and (14).

4. Tooth form factor 𝒀𝑭

Introduction of factor f

Nominal

Upper

Mean

Lower

εα𝑛 =
εα

𝑐𝑜𝑠β𝑏
2
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4. Tooth form factor 𝒀𝑭

Values for factor f

f

1 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2 2.1 2.2

0 1.0000           1.0000           1.0000           1.0000           1.0000           1.0000           1.0000           1.0000           1.0000           1.0000           0.7000           0.7000           0.7000           

0.1 1.0000           0.9954           0.9916           0.9884           0.9856           0.9832           0.9811           0.9792           0.9775           0.9760           0.7071           0.7054           0.7039           

0.2 1.0000           0.9909           0.9832           0.9767           0.9710           0.9661           0.9618           0.9579           0.9545           0.9515           0.7071           0.7037           0.7006           

0.3 1.0000           0.9863           0.9747           0.9648           0.9562           0.9487           0.9421           0.9362           0.9309           0.9262           0.7071           0.7020           0.6974           

0.4 1.0000           0.9816           0.9661           0.9527           0.9411           0.9309           0.9220           0.9139           0.9068           0.9003           0.7071           0.7003           0.6941           

0.5 1.0000           0.9770           0.9574           0.9405           0.9258           0.9129           0.9014           0.8911           0.8819           0.8736           0.7071           0.6986           0.6908           

0.6 1.0000           0.9723           0.9487           0.9282           0.9103           0.8944           0.8803           0.8677           0.8563           0.8460           0.7071           0.6969           0.6876           

0.7 1.0000           0.9677           0.9399           0.9157           0.8944           0.8756           0.8588           0.8437           0.8300           0.8176           0.7071           0.6952           0.6842           

0.8 1.0000           0.9630           0.9309           0.9030           0.8783           0.8563           0.8367           0.8189           0.8028           0.7881           0.7071           0.6935           0.6809           

0.9 1.0000           0.9582           0.9220           0.8901           0.8619           0.8367           0.8139           0.7934           0.7746           0.7574           0.7071           0.6918           0.6776           

1 1.0000           0.9535           0.9129           0.8771           0.8452           0.8165           0.7906           0.7670           0.7454           0.7255           0.7071           0.6901           0.6742           

1.1 1.0000           0.9535           0.9129           0.8771           0.8452           0.8165           0.7906           0.7670           0.7454           0.7255           0.7071           0.6901           0.6742           

1.2 1.0000           0.9535           0.9129           0.8771           0.8452           0.8165           0.7906           0.7670           0.7454           0.7255           0.7071           0.6901           0.6742           

1.3 1.0000           0.9535           0.9129           0.8771           0.8452           0.8165           0.7906           0.7670           0.7454           0.7255           0.7071           0.6901           0.6742           

1.4 1.0000           0.9535           0.9129           0.8771           0.8452           0.8165           0.7906           0.7670           0.7454           0.7255           0.7071           0.6901           0.6742           

1.5 1.0000           0.9535           0.9129           0.8771           0.8452           0.8165           0.7906           0.7670           0.7454           0.7255           0.7071           0.6901           0.6742           

1.6 1.0000           0.9535           0.9129           0.8771           0.8452           0.8165           0.7906           0.7670           0.7454           0.7255           0.7071           0.6901           0.6742           

1.7 1.0000           0.9535           0.9129           0.8771           0.8452           0.8165           0.7906           0.7670           0.7454           0.7255           0.7071           0.6901           0.6742           

1.8 1.0000           0.9535           0.9129           0.8771           0.8452           0.8165           0.7906           0.7670           0.7454           0.7255           0.7071           0.6901           0.6742           

1.9 1.0000           0.9535           0.9129           0.8771           0.8452           0.8165           0.7906           0.7670           0.7454           0.7255           0.7071           0.6901           0.6742           

2 1.0000           0.9535           0.9129           0.8771           0.8452           0.8165           0.7906           0.7670           0.7454           0.7255           0.7071           0.6901           0.6742           

2.1 1.0000           0.9535           0.9129           0.8771           0.8452           0.8165           0.7906           0.7670           0.7454           0.7255           0.7071           0.6901           0.6742           

virtual contact ratio of the virtual spur gear, αn
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4. Tooth form factor 𝒀𝑭, influence thereof, example

Example 1, spur gear

ℎ𝑎𝑃
∗ = 1.0 ; 1.1, … , 1.8 ℎ𝑓𝑃

∗ = ℎ𝑎𝑃
∗ +0.25 ρ𝑓𝑃

∗ = 0.25, addendum is varied

β = 0°
𝑎 = 303 𝑚𝑚
𝑚𝑛= 6 𝑚𝑚

ISO 6336: 2019ISO 6336: 2006
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4. Tooth form factor 𝒀𝑭, influence thereof, example

ISO 6336: 2019ISO 6336: 2006

Example 2, moderate helix angle

ℎ𝑎𝑃
∗ = 1.0 ; 1.1, … , 1.8 ℎ𝑓𝑃

∗ = ℎ𝑎𝑃
∗ +0.25 ρ𝑓𝑃

∗ = 0.25, addendum is varied

β = 15° (εβ = 0.75) 𝑌β = 1.026   𝜀𝛼𝑛/ 𝜀𝛼 = 0.94

𝑎 = 303 𝑚𝑚
𝑚𝑛= 5.8 𝑚𝑚
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4. Tooth form factor 𝒀𝑭, influence thereof, example

ISO 6336: 2019ISO 6336: 2006

Example 3, high helix angle

ℎ𝑎𝑃
∗ = 1.0 ; 1.1, … , 1.8 ℎ𝑓𝑃

∗ = ℎ𝑎𝑃
∗ +0.25 ρ𝑓𝑃

∗ = 0.25, addendum is varied

β = 35° (εβ = 1.6) 𝑌β = 1.155   𝜀𝛼𝑛/ 𝜀𝛼 = 0.71

𝑎 = 303 𝑚𝑚
𝑚𝑛= 4.9 𝑚𝑚
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ISO 6336: 2006

For internal gears, a virtual basic rack profile is used

which differs from the basic rack profile in the root

radius ρfP.

ISO 6336: 2019

For internal gears always the shaper cutter data is

used. The same formulas as in VDI 2737 “Calculation

of the load capacity of the tooth root in internal

toothings with influence of the gear rim”, 2016.

5. Tooth form factor 𝑌𝐹 when shaper cutter is used

Calculation of YF for internal gears
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5. Tooth form factor 𝑌𝐹 when shaper cutter is used

For internal gears only the shaper cutter data is used.
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5. Tooth form factor 𝑌𝐹 when shaper cutter is used

Main problem is the error in the root fillet calculation in ISO 6336-3:2006

The following table illustrates the resulting root fillet for

▪ ISO 6336-3:2006 & corrigendum 2007, root fillet calculation

▪ ISO 6336 (2007-04)

▪ Effective root fillet based on manufacturing simulation

▪ VDI 2737 and ISO 6336-3:2019

gear x* pinion cutter

x0

ρ𝒇𝑷 ρ𝒇𝑷𝒗 ρ𝑭
2006 / 2007-02

ρ𝑭
2007-04

ρ𝑭
measured

ρ𝑭
VDI 2736

ρ𝑭
ISO 6336 

2019

Deviation 

%

(2007/2019)

-0.75 0.1 0.2 0.32 0.201 0.426 0.233 0.233 0.233 45%

-0.75 0.0 0.2 0.296 0.175 0.403 0.220 0.220 0.220 45%

0.00 0.1 0.2 0.332 0.298 0.364 0.284 0.286 0.286 21%

0.00 0.0 0.2 0.310 0.274 0.343 0.265 0.264 0.264 23%

ISO 6336-3:2019 uses the same formulae as in VDI 2737.
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See ISO 6336-3:2019 which states 

“The tooth root stress of a virtual spur gear, calculated 

as a preliminary value, is converted by means of the 

helix factor, Yβ, to that of the corresponding helical 

gear. By this means, the oblique orientation of the lines 

of the mesh contact is taken into account (less tooth 

root stress).”

The factor is a function of the helix angle β and the 

overlap contact ratio β. Note that β is limited to 30°
and β is limited to 1.00 for the calculation of this 

factor.

6. Changes in helix angle factor 𝒀𝜷

Use of the helix angle factor
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6. Changes in helix angle factor 𝒀𝜷

ISO 6336: 2006 ISO 6336: 2019
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6. Changes in helix angle factor 𝒀𝜷

Yβ

0 3 6 9 12 15 18 21 24 27 30 33 36

0 1.0000           1.0041           1.0166           1.0379           1.0685           1.1096           1.1625           1.2290           1.3116           1.4137           1.5396           1.5396           1.5396           

0.1 1.0000           1.0016           1.0115           1.0301           1.0578           1.0957           1.1450           1.2075           1.2854           1.3819           1.5011           1.5011           1.5011           

0.2 1.0000           0.9991           1.0064           1.0223           1.0472           1.0819           1.1276           1.1860           1.2592           1.3501           1.4626           1.4626           1.4626           

0.3 1.0000           0.9966           1.0014           1.0145           1.0365           1.0680           1.1102           1.1645           1.2329           1.3183           1.4241           1.4241           1.4241           

0.4 1.0000           0.9941           0.9963           1.0067           1.0258           1.0541           1.0927           1.1430           1.2067           1.2865           1.3856           1.3856           1.3856           

0.5 1.0000           0.9916           0.9912           0.9989           1.0151           1.0403           1.0753           1.1214           1.1805           1.2547           1.3472           1.3472           1.3472           

0.6 1.0000           0.9891           0.9861           0.9912           1.0044           1.0264           1.0578           1.0999           1.1542           1.2229           1.3087           1.3087           1.3087           

0.7 1.0000           0.9866           0.9810           0.9834           0.9937           1.0125           1.0404           1.0784           1.1280           1.1910           1.2702           1.2702           1.2702           

0.8 1.0000           0.9840           0.9760           0.9756           0.9830           0.9986           1.0230           1.0569           1.1018           1.1592           1.2317           1.2317           1.2317           

0.9 1.0000           0.9815           0.9709           0.9678           0.9724           0.9848           1.0055           1.0354           1.0755           1.1274           1.1932           1.1932           1.1932           

1 1.0000           0.9790           0.9658           0.9600           0.9617           0.9709           0.9881           1.0139           1.0493           1.0956           1.1547           1.1547           1.1547           

1.1 1.0000           0.9790           0.9658           0.9600           0.9617           0.9709           0.9881           1.0139           1.0493           1.0956           1.1547           1.1547           1.1547           

1.2 1.0000           0.9790           0.9658           0.9600           0.9617           0.9709           0.9881           1.0139           1.0493           1.0956           1.1547           1.1547           1.1547           

1.3 1.0000           0.9790           0.9658           0.9600           0.9617           0.9709           0.9881           1.0139           1.0493           1.0956           1.1547           1.1547           1.1547           

1.4 1.0000           0.9790           0.9658           0.9600           0.9617           0.9709           0.9881           1.0139           1.0493           1.0956           1.1547           1.1547           1.1547           

1.5 1.0000           0.9790           0.9658           0.9600           0.9617           0.9709           0.9881           1.0139           1.0493           1.0956           1.1547           1.1547           1.1547           

1.6 1.0000           0.9790           0.9658           0.9600           0.9617           0.9709           0.9881           1.0139           1.0493           1.0956           1.1547           1.1547           1.1547           

1.7 1.0000           0.9790           0.9658           0.9600           0.9617           0.9709           0.9881           1.0139           1.0493           1.0956           1.1547           1.1547           1.1547           

1.8 1.0000           0.9790           0.9658           0.9600           0.9617           0.9709           0.9881           1.0139           1.0493           1.0956           1.1547           1.1547           1.1547           

1.9 1.0000           0.9790           0.9658           0.9600           0.9617           0.9709           0.9881           1.0139           1.0493           1.0956           1.1547           1.1547           1.1547           

2 1.0000           0.9790           0.9658           0.9600           0.9617           0.9709           0.9881           1.0139           1.0493           1.0956           1.1547           1.1547           1.1547           

2.1 1.0000           0.9790           0.9658           0.9600           0.9617           0.9709           0.9881           1.0139           1.0493           1.0956           1.1547           1.1547           1.1547           

reference helix angle, β
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Values for factor Yβ
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Influence of helix angle factor 𝒀𝜷

ISO 6336: 2019ISO 6336: 2006

Example 4

ℎ𝑎𝑃
∗ = 1.0 ℎ𝑓𝑃

∗ = ℎ𝑎𝑃
∗ +0.25 ρ𝑓𝑃

∗ = 0.25

β = 10° , 11°, … , 35° , helix angle is varied

𝑎 = 303 𝑚𝑚
𝑚𝑛= 6 𝑚𝑚
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Influence of both tooth form factor 𝒀𝑭 and helix angle factor 𝒀𝜷

Example 5

ℎ𝑎𝑃
∗ = 1.0 ; 1.1, … , 1.8 ℎ𝑓𝑃

∗ = ℎ𝑎𝑃
∗ +0.25 ρ𝑓𝑃

∗ = 0.25, addendum is varied

β = 10° , 15°, … , 35° , helix angle is varied

𝑎 = 303 𝑚𝑚
𝑚𝑛= 6 𝑚𝑚

ISO 6336: 2019ISO 6336: 2006
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7. Relative notch sensitivity factor 𝑌δ𝑟𝑒𝑙𝑇

ISO 6336: 2006 ISO 6336: 2019
Values for GTS (black 

malleable cast iron (perlitic

structure) added
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Four different wind turbine gearboxes were analyzed. 

For each stage, the cylindrical gear rating along ISO 

6336:2006 and ISO 6336:2019 was performed. 

Resulting root and flank safety factors SF and SH are 

compared.

The choice of gearboxes was not systematic, and the 

results are therefore not to be taken as guidelines. The 

results illustrate that deviations can be significant. 

Deviations can be such that safety factors are greater 

or smaller when using ISO 6336:2019 compared to 

2006 version.

It is recommended to use the ISO 6336:2019 method 

in parallel to the 2006 method to gain experience with 

the new standard version.

8. Application examples, wind gearboxes

Method



| 2020-03-22 | Hanspeter Dinner, Director Global Sales | SAL-REL-ISO6336_comparison-04-EN-WW-HD-PUBLIC.pptx27

The following four gearboxes were rated along ISO 6336:2006 and ISO 6336:2019, for root 

and flank safety factor SF and SH

Wind turbine main gearboxes, comparisons

Four gearboxes A, B, C, D

Designation Arrangement Power Origin Remarks

A LSS=Planetary

ISS=Planetary

HSS=Helical

3.1 MW European Four planets in LSS, three

planets in ISS

Helical

B LSS=Planetary

ISS=Planetary

HSS=none

3.0 MW European Four planets in LSS, three

planets in ISS

Helical

C LSS=Planetary

ISS=Planetary

HSS=none

7.5 MW European Five planets in LSS, three

planets in ISS

Spur

D LSS=Planetary

ISS=Planetary

HSS=Helical

3.3 MW Chinese Five planets in LSS, three

planets in ISS

Helical
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Results, gearbox „A“

Root safety factor changes using ISO 6336:2019: +26%, -7%

LSS: low speed stage

ISS: intermediate speed stage

HSS: high speed stage
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Results, gearbox „B“

Root safety factor changes using ISO 6336:2019: +9%, -4%

LSS: low speed stage

ISS: intermediate speed stage
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Results, gearbox „C“

Root safety factor changes using ISO 6336:2019: +0%, -16%

LSS: low speed stage

ISS: intermediate speed stage
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Results, gearbox „D“

Root safety factor changes using ISO 6336:2019: +19%, -0%

LSS: low speed stage

ISS: intermediate speed stage

HSS: high speed stage
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The three stages of an EV transmission are rated 

along ISO 6336:2006 and ISO 6336:2019. Resulting 

root and flank safety factors SF and SH are compared.

It is recommended to use the ISO 6336:2019 method 

in parallel to the 2006 method to gain experience with 

the new standard version in the design of EV 

transmission since they typically use gears with high 

contact ratio.

9. Application example, EV transmission

Method
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9. Application example, EV transmission

Root safety factor changes using ISO 6336:2019: +15%, -18%

Stage 1: planetary stage

Stage 2: intermediate stage

Stage 3: output stage
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There are eight examples listed and solved:

Example 1: Single helical case carburized gear pair

Example 2: Single helical through-hardened gear pair

Example 3: Spur through-hardened gear pair

Example 4: Spur case carburized gear pair

Example 5: Spur gear pair with an induction hardened 

pinion and through-hardened cast gear

Example 6: Spur internal through-hardened gear pair

Example 7: Double helical through-hardened gear pair

Example 8: Single helical case carburized gear pair

10. ISO/TR 6336-30

Examples from ISO/TR 6336-30, compared
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10. ISO/TR 6336-30

Examples from ISO/TR 6336-30, compared. 

No changes in SH. SF changes by -3%, +16% (Example 6 and 7) 
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KISSsoft Release 2020 provides a 

scripting possibility. 

Per one click, the user finds the results 

for root safety calculated with ISO 

6336:2006 and ISO 6336:2019. 

Customized evaluations by exporting 

data, intermediate parameter results, 

comparisons of results etc. are 

possible by the user.

Other samples for scripting applications 

are available on request. 

11. Calculation using script

KISSsoft scripting language
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Helical gears: SF, in tendency

Helical gears: Influence of higher transverse contact 

ratio is stronger

Spur external gears: SF, smaller tooth thickness.

Spur internal gears : SF, smaller root rounding (?)

Spur gears with contact ratio ≥ 2.00, jump in results 

are questionable

Flank safety factor remain (changed in ISO 6336-

2:2006, corrigendum 2008)

12. Conclusion

Conclusions are preliminary
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