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of tooth bending strength

ABSTRACT | Preview

This document specifies the fundamental formulae for use in tooth bending stress
calculations for involute external or internal spur and helical gears with a rim thickness sp>»
0,5 h: for external gears and sg » 1,75 m, for internal gears. In service, intemal gears can
experience failure modes other than tooth bending fatigue, i.e. fractures starting at the roo
diameter and progressing radially outward. This document does not provide adequate safe
against failure modes other than tooth bending fatigue. All load influences on the tooth roc
stress are included in so far as they are the result of loads transmitted by the gears and in <
far as they can be evaluated quantitatively.

This document includes procedures based on testing and theoretical studies such as those
of Hirt'1], Strasserl’ and Brossmann!!%. The results are in good agreement with other
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1. Current situation

ISO 6336:2019 is the only valid revision, other
revisions are withdrawn

Previous versions of ISO 6336 are no longer valid.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.
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6336-1:2006

Calculation of load
capacity of spur and
helical gears — Part 1:
Basic principles,
introduction and general
influence factors

\_

THIS STANDARD HAS BEEN REVISED

BY IS0 6336-1:2019
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1. Current situation

1ISO, ISO/TS, ISO/TR 6336 overview

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
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1. Current situation

Comment on selected changes in Part 1

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.

6.2.6 Application of internal dynamic factor for low loaded gears

Gears that are loaded with a line load of lower than (F; - K, . K|) / b = 100 N/mm are typically defined
as low loaded gears related to the internal dynamic factor. For gears that are loaded with a line load
of lower than (F; - K, - K|) / b = 50 N/mm, a particular risk of vibration can exist dependant on gear
accuracy and pitch line speeds.

Method B or C represents one model for the calculation of dynamic factor. This model is not valid for
low loaded gears and values of K, g or K, ¢ > 2 might be calculated. When cases exist where K, g or
K, c > 2, the problem becomes significantly more complex as the possibility of tooth flank separation
exists and the interaction with the entire dynamic system of stiffness and damping is highly influential.

If the gears are operated outside of their resonance condition and the calculated dynamic factor is K, g
or K, ¢ > 2, the dynamic factor shall be set to K, g or K, ¢ = 2. This value shall be used for load capacity
calculations according the ISO 6336 series, due to the described restrictions of the calculation model.
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1. Current situation

Comment on Part 2

b) Helical gearswithe,>1landeg2 1:

Zg=Zp=f1ca
A new aux| I |ary factor fZCa |S with f7¢, according to Table 3.
introduced, influencing contact factors Table 3 — Factor fy,
1 Helical gear sets with suitable profile and longitudinal modifications based on the| fz.,=1,0

ZB and ZD aS f0| |OWS (See SeCtlon 6 3) . 3D load distribution program, and with the maximum contact stress near mid-height :

and essentially uniform stress distribution

Helical gear sets with suitable flank modifications acc. to manufacturers experience| fzc,= 1,07

Helical gear sets without flank modifications fzca=12

This presentation focuses on root

Stre ngth and |n the exam ples below’ beginning as well as at the end of the path of contact shall be considered.

f,c,=1.00 applies.

6

¢) Helical gearswithe, > 1andeg< 1:

with ggzl:

If My <1 then Zg :1+£ﬁ -(\jfz(:a _1)
IfM; =>1thenZg =M, +ép '(\/fz(:a _Ml)
If M, <1then Zy =1+ -(\fye, —1)

IfM, >1thenZ, =M, Tép ‘(\ffzc;. _Mz)

(19)

The factor fy¢, is valid for the matched pinion and wheel. Consequently, the contact stresses at the

Zg and Zj, are determined by linear interpolation between the values for spur and helical gearing

(20)

(21)

(22)

(23)

If Zg or Zp, are made equal to 1,0, the contact stresses calculated using Formula (4) or [5] are the

values for the contact stress at the pitch cylinder.
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2. Implementation in KISSsoft

KISSsoft
Software release 2020 B e 20208
Copyright 1998-2020
by
Gear rating along ISO 6336:2019 for root and flank KiSSsoft AG
safety factors is implemented in KISSsoft for release B o on Company
Rosengartenstrasse 4
2020. CH-8608 Bubikon
150 6336:2019
Static caloulation A Contact:
S0 6336: 2006 (ersetzt) KiSSsoft AG
IM 3990:1987 Method B
IM 3990; 1937 Method B Method C .
IM 3990-41: 199§ F‘:rt -‘1li["lrl[EvahliEr::|el::‘gpaa;l box) Method B Phone: +41 55254 2053
GMA 2001-B588 Fax: +41 55 254 2051
GMA 2001-C95 o
GMA 2101-D04 (Metric Edition) Email: info@KISSsoft.com
GMA 2001-D04 hd www.KISSsoft.com
Also, scuffing rating, tooth flank fracture calculation e BisiaNation and use of this software ks
and micropitting rating along the respective 1SO 6336 governed by the Software iicense provisions:
or ISO/TS 6336 methods is included in KISSsoft. See also installation subfolder ‘license provisions'.

. . Portions of this software are owned by
All calculations documented here were performed with T tiaici Lifecycle Management Safturara e

KISSsoft, Release 202003 Copyright 1986-2020

7 | 2020-03-22 | Hanspeter Dinner, Director Global Sales | SAL-REL-ISO6336_comparison-04-EN-WW-HD-PUBLIC.pptx Klssso I I



2. Implementation in KISSsoft

Basic formulae for root strength m 71/ k)

Nominal tooth root stress @ \

Ft “ \
Opg = Yp ¥Yg Yp -V -Vp

b-m_ \

Tooth root stress q

Op =0y Ky K, K, -Kpg K, \ '

Np
B
2,

Permissible bending stress

{ []

_ Optim Yt Yt v v v 29 \ F
Opp = < el T YRrelT X _hi“
F min

9&?

8 | 2020-03-22 | Hanspeter Dinner, Director Global Sales | SAL-REL-ISO6336_comparison-04-EN-WW-HD-PUBLIC.pptx KISSSOI l



3. Overview of changes

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 Y (see sections 4 and 5 below)

1) Influence of tooth form, cross sectional property of tooth. New factor f. 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 s¢,
(influencing YF and YS). - Affects the calculated root stresses.

Helix angle factor Yz (see section 6 below)

Considers reduced stress due to oblique contact line, as function of helix angle at reference
circle B and overlap ratio e;. > Affects the calculated root stresses.

Relative notch sensitivity factor Yg,.;7 for static stress (see section 7 below)

Influence of the notch sensitivity relative to test gear. - Affects the permissible static stress
number for bending.
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4. Tooth form factor Y

Calculation of YF for different tooth thicknesses

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,
Xg, relative to rack shift amount mn instead of the
nominal profile.

Nominal
ISO 6336: 2019 Mean
The tooth form factor Is sensitive to the tooth Lower

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, xg 5, Should be used to determine YF
and YS.

10 | 2020-03-22 | Hanspeter Dinner, Director Global Sales | SAL-REL-ISO6336_comparison-04-EN-WW-HD-PUBLIC.pptx

KISSsoft



4. Tooth form factor Y

ISO 6336:2006

The following eguation uses the symbols illustrated in Figures 3 and 4:

)

In order to evaluate precise values, sgp, and aggy, of ipg it is first necessary to derive a value of & which is
reasonably accurate, usually after five iterations of Equation (14). Determination of ¥ by graphical means is
not recommended

6.2.1 Tooth root normal chord, s¢, radius of root fillet, o, bending moment arm, i, 4

First, determine the auxiliary values for Equation (9):

~(1-sina,) 2 (10)

n
=—mp — hip taneg +
4 cosap cose

ISO 6336:2019

&

'CEIS(IFen

mn
Yp=— 7 &L &)
5,
[ n[:“ } -cosa,

In order to evaluate precise values, sp, and ag_,, of I, it is first necessary to derive a value of & which
is reasonably accurate, usually after five iterations of Formula (29). Determination of Yg by graphical
means is not recommended.

The factor f, considers the influence of load distribution between the teeth in the mesh. It provides
more accurate results for gears with contact ratios e, = 2,0. Contact ratios of £, = 2,0 are calculated
for gears with high helix angles, high contact ratios, &,, or both.

For spur gears with contact ratios £_, < 2,0 the factor f; is equal to one according Formula (10). For
helical gears with overlap ratio & = 1 the factor is calculated according to Formula (14).
and [13) provide a smooth function for f, between Formulae (10) and [14).

Ifgg=0and £, < 2 then

f,=1 (10)
If££= Oande,, =2 then
f.=07 11
If0 <gg<l and £, < 2 then
. .1 e 05 £ — Ea )
e =| 1€t/ an |
L (cosBp)?

If0<eg<1andéy, =2 then

. 05
1-¢ £ !
. =[ g +i] (13)
2 g,
[fsﬁz 1 then
f.=e05 (14)
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4. Tooth form factor Y

Introduction of factor fe

ISO 6336: 2006
No such factor.

ISO 6336: 2019

The factor f, considers the influence of load distribution
between the teeth in the mesh. It provides more
accurate results for gears with contact ratios ¢, = 2,0.
Contact ratios of €,, 2 2,0 are calculated for gears with

high helix angles, high contact ratios, €,, or both. Note:
Ea

“an = (cospy)?

For spur gears with contact ratios ¢, < 2,0 the factor f,
Is equal to one according Formula (10). For helical
gears with overlap ratio €5 2 1 the factor is calculated
according to Formula (14). Formulae (12) and (13)
provide a smooth function for f. between Formulae

(10) and (14).

12 | 2020-03-22 | Hanspeter Dinner, Director Global Sales | SAL-REL-ISO6336_comparison-04-EN-WW-HD-PUBLIC.pptx

Ifeg=0and &4, <2 then

fe =1

If eg=0and &4, 2 2 then

f. =07

If0 < £p < 1 and &, < 2 then

0,5
E r
p
fg—{l—gﬁ+ J

Eﬂfn

> 2 then

an —

0,5
1-¢ £ '
ﬁf{ B, ]

If[}{EﬁfilalldE

2 £

n

If g2 1 then

—_ 0,5
fE _Efxn
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Overlap ratio, ¢f

4. Tooth form factor Y

Values for factor fe

fe virtual contact ratio of the virtual spur gear, ean
1 1.1 1.2 13 1.4 1.5 1.6 1.7
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4. Tooth form factor Y, influence thereof, example

Example 1, spur gear
ap= [1.0;1.1,..,1.8] hspp= hyp+0.25 prp = 0.25,addendum is varied

p=10°

a =303 mm
m,= 6 mm

ISO 6336: 2006 ISO 6336: 2019

[3 Fine sizing - O X 3 Fine sizing - m} X
Conditions [ Congditions IT Conditions 111 Results Graphics Conditions 1 Conditions II Conditions IIT Results Graphics
Root safety Gear 1 Flank safety Gear 1 Root safety Gear 1 Flank safety Gear 1
4.50 7 ' 1.600 4.50 7 . ' 1.600
4.00 — 4.00 —|
I 1.450 I 1.450
3.50 — I 3.50 — I
T 1.300 T 1.300
3.00 — n 4 3.00 —
T - ,75_7,‘%%1%_ T o 173058
Epim0: 3981 s ap iz %@'
2.50 — jos? A 5 B 1 2.50 — 5095 LPRgEOST ﬁi—,mq:———- .
. g8 !
i 140528 4 1o 219
2.00 T T T T T T T T T T 1 2.00 T T T T T T T T T T 1
110 1.30 1.50 L7 190 210 2,30 L0 L30 Ls0 L7 Ls0 210 230
Transverse contact ratio Transverse contact ratio
Horizontal axis |Eg -Transverse contact ratio V‘ | 1.3| ‘ 2.3‘ Harizontal axis ‘sngraﬂsverse contact ratio V| | 1.3| ‘ 2.3|
Vertical axis |SF1 -Root safety Gear 1 V‘ | 2| ‘ 4.4‘ Vertical axis ‘SF: - Root safety Gear 1 V| | 2| ‘ 4.4|
Color scale |5H1 - Flank safety Gear 1 V‘ | 1.3| ‘ 16 ‘ Color scale ‘SH, - Flank safety Gear 1 V| | 1.3| ‘ 16 |
Accept Delets Report | | Calculate I ‘ Schliefien ‘ |Comzct ana\ysis| | Save | | Restore | Accept Delete Report | | Calculate | | Schliefien ‘ Contact analysis
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4. Tooth form factor Y, influence thereof, example

Example 2, moderate helix angle

ap= [1.0;1.1,...,1.8]
B = 15°
a =303 mm
m,= 5.8 mm

ISO 6336: 2006

hep =

ap +0.25 p;P = (0.25, addendum is varied
(g = 0.75) Y3 =1.026 &4/ &, = 0.94

ISO 6336: 2019

3 Fine Sizing - m} X

Conditions I Conditions IT Conditions III Results Graphics

Root safety Gear 1 Flank safety Gear 1

4.50 7 ' 1.700
4.00 —
3.50 —
3.00 —
S{poes
2.50 — Hyapgg o,
2.00 T T T T T 1
1.10 1.30 1.50 170 1.90 2.10 2.30
Transverse contact ratio
Horizon tal axis ‘zu-Transverse contact ratio V| | 1.3| ‘ 2.3|
Vertical axis ‘SFl - Root safety Gear 1 v| | 2.4| ‘ 4.5 |
Color scale ‘SH: - Flank safety Gear 1 V| | 1.3| ‘ l.7|
Accept Delete Report | | Calculate | ‘ Schliefen | ‘Comactana\ysis| | Save | ‘ Restore |

u Fine Sizing

- O X
Conditions I Conditions IT Conditions III Results Graphics
Root safety Gear 1 Flank safety Gear 1
4.50 7 1.700
166 '
4.00 —
I 1.500
3.50 l
1.300
3.00 —
25 7 1340230 28
2.00 T T T T T 1
1.10 1.30 1.50 170 1.90 2.10 2.30
Transverse contact ratio
Horizontal axis ‘zu-Transverse contact ratio V| | 1.3| ‘ 2.3|
Vertical axis ‘SFl - Root safety Gear 1 v| | 2.4| ‘ 4.5 |
Color scale ‘SH: - Flank safety Gear 1 V| | 1.3| ‘ l.7|
Accept Delete Report | | Calculate | ‘ Schliefen Contact analysis
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4. Tooth form factor Y, influence thereof, example

Example 3, high helix angle
ap= [1.0;1.1,..,1.8] hspp= hyp+0.25 prp = 0.25 addendum is varied

B=35°)(eg = 1.6) Y3 =1.155 ¢4,/ ¢, =0.71

a =303 mm
my,= 4.9 mm

ISO 6336: 2006 ISO 6336: 2019

L3 Fine sizing - m} X [3 Fine Sizing - [m] X
Conditions I Conditions IT Conditions IIT Results Graphics Conditions 1 Conditions II Conditions III Results Graphics
Root safety Gear 1 Flank safety Gear 1 Root safety Gear 1 Flank safety Gear 1
450 /) I 1.800 4.50 7
4.00 /) 4.00 —
1.550
3.50 /) 3.50 —
7 1.300 n
3.00 /) 3.00 —
250 /) 2.50 —
2.00 T T T T 1 2.00 T T T T 1
1.10 130 1.50 170 1.90 2.10 1.10 1.30 1.50 1.70 1.90 2.10
Transverse contact ratio Transverse contact ratio
Horizontal axis |5u -Transverse contact ratio V| | 1‘2| | 2‘1| Horizontal axis |s.,—Traﬂsuerse contact ratio V| | 1.2| ‘ 2.1‘
Vertical axis |5F: -Root safety Gear 1 Al 2.4]| 45] Vertical axis |5F: -Root safety Gear 1 “| 2.4] 45|
Color scale |SH; - Flank safety Gear 1 V| | 1‘3| | 1.8 | Color scale |5H, - Flank safety Gear 1 V| | 1.3| ‘ 1.8\‘
Accept Delete Report | | Calculate | | SchlieBen | ‘Emm:t analysl5| ‘ Save ‘ | Restore | Accept Delete Report ‘ | Calculate | ‘ Schliefen ‘ Contact analysis
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5. Tooth form factor Y when shaper cutter is used

Calculation of YF for internal gears

ISO 6336: 2006

For internal gears, a virtual basic rack profile is used
which differs from the basic rack profile in the root
radius pfP.

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.

1cS 21.200 VDI-RICHTLINIEN Docombar 2016
VEREIN Berechnung der ZahnfuBtragfahigkeit VDI 2737
DEUTSCHER von Innenverzahnungen
INGENIEURE mit Zahnkranzeinfluss
Calculation of the load capacity of the
tooth root in internal toothings with
influence of the gear rim Ausg, deutschienglisch
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5. Tooth form factor Y when shaper cutter is used

For internal gears only the shaper cutter data is used.

¥ L
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| \ — | — Qa0 f
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7
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& || A
|
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0 X

a) Shaper cutter

Figure 6 — Quantities at the shaper cutter

KISSsoft
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5. Tooth form factor Y 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

= |SO 6336-3:2006 & corrigendum 2007, root fillet calculation
= |SO 6336 (2007-04)

= Effective root fillet based on manufacturing simulation

= VDI 2737 and ISO 6336-3:2019

gear x* pinion cutter PrPy o PF OF OF o Deviation
x0 2006 / 2007-02 2007-04 measured VDI 2736 | ISO 6336 %
2019 ( / )

-0.75 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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6. Changes in helix angle factor Y g

Use of the helix angle factor

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, Yg, 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 B and the
overlap contact ratio 5. Note that {8 is limited to 30°
and gg is limited to 1.00 for the calculation of this
factor.
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6. Changes in helix angle factor Y g

ISO 6336: 2006 ISO 6336: 2019

8.1 General

The tooth root stress of a virtual spur gear, calculated as a preliminary value, is converted by means of
the helix factor, ¥, 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).

8.2 Graphical value

¥ may be read from Figure 8 as a function of the helix angle, § and the overlap ratio, £

Figure 8
Y1 Y2
8.1 Graphical value 16
¥z may be read from Figure 6 as a function of the helix angle, 6, and the overlap ratio, &5
15 0,1
Y1 Y2 g.%
14 0.4
1 0 g
— 0.1 05
— — 02 13 0.6
— 03 0.7
0,9 04 ) 0,8
N N 05 12 09
0,6 1
\ 0
07
08 AN 08
09
=1
0,7
0 10 20 30 40 X an 25 40 X
Key Key
X reference helix angle, §, degrees
X reference helix angle, 5, degrees Y1 belix facton ¥
Y1 helix factor, ¥ %8
Y2  overlap ratio, £
Y2 overlap ratie, 5
Helix factors ¥ 25° shall be confirmed by experience. Figure 8 — Helix factor, g
Figure 6 — Helix factor, 7, Helix factors ¥gfor § > 25° shall be confirmed by experience.
8.2 Determination by calculation 8.3 Determination by calculation
e factor ¥z can be calcul ing Equation (40), which is consistent with the curves illustrated in Figure 6. ated using Formula (66) which is consistent with the curves illustrated in
8
Fo=l-g, 40
AT 0 ( 8 1
vy =[1-e, L} (5€)
\ 120° ) cos®f
where Bis the reference helix anglge#! degrees.
‘where fis the reference helix angle, i d#Erees and
The value 1,0 is substituted for g5 when £5> 1,0, and 30° is substituted for g when g 30° €
£
B

The value 1,0 is substituted for £; when £2 > 1,0, and 30° is substituted for § when 8> 30°
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Overlap ratio, ¢f

6. Changes in helix angle factor Y g

Values for factor Y[3

YB reference helix angle, B

0 3 6 9 12 15 18 21 24

0 1.0000 1.0041 1.0166 1.0379 1.0685 1.1096 1.1625 1.2290 1.3116

0.1 1.0000 1.0016 1.0115 1.0301 1.0578 1.0957 1.1450 1.2075 1.2854

0.2 1.0000 0.9991 1.0064 1.0223 1.0472 1.0819 1.1276 1.1860 1.2592

0.3 1.0000 0.9966 1.0014 1.0145 1.0365 1.0680 1.1102 1.1645 1.2329
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 1.0125 1.0404 1.0784 1.1280 1.1910 1.2702 1.2702 1.2702
0.8 1.0000 0.9986 1.0230 1.0569 1.1018 1.1592 1.2317 1.2317 1.2317
0.9 1.0000 0.9848 1.0055 1.0354 1.0755 1.1274 1.1932 1.1932 1.1932
1 1.0000 0.9881 1.0139 1.0493 1.0956 1.1547 1.1547 1.1547
1.1 1.0000 0.9881 1.0139 1.0493 1.0956 1.1547 1.1547 1.1547
1.2 1.0000 0.9881 1.0139 1.0493 1.0956 1.1547 1.1547 1.1547
13 1.0000 0.9881 1.0139 1.0493 1.0956 1.1547 1.1547 1.1547
14 1.0000 0.9881 1.0139 1.0493 1.0956 1.1547 1.1547 1.1547
1.5 1.0000 0.9881 1.0139 1.0493 1.0956 1.1547 1.1547 1.1547
1.6 1.0000 0.9881 1.0139 1.0493 1.0956 1.1547 1.1547 1.1547
1.7 1.0000 0.9881 1.0139 1.0493 1.0956 1.1547 1.1547 1.1547
1.8 1.0000 0.9881 1.0139 1.0493 1.0956 1.1547 1.1547 1.1547
19 1.0000 0.9881 1.0139 1.0493 1.0956 1.1547 1.1547 1.1547
2 1.0000 0.9881 1.0139 1.0493 1.0956 1.1547 1.1547 1.1547
2.1 1.0000 0.9881 1.0139 1.0493 1.0956 1.1547 1.1547 1.1547
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Influence of helix angle factor Y

Example 4
>CklP= 1.0 h}k‘P =

2p+0.25 php=0.25

B =[10°,11°,...,35°], helix angle is varied

a =303 mm
m,= 6 mm

ISO 6336: 2006

ISO 6336: 2019

[ Fine Sizing - O X [3 Fine Sizing - O X
Conditions I Conditions IT Conditions IIT Results Graphics Conditions I Conditions 11 Conditions III Results Graphics
Root safety Gear 1 Transverse contact ratio Root safety Gear 1 Transverse contact ratio
4.00 — ' 1.800 4.00 l 1.800
3.75 7 3.75 —
1.450 1.450
3.50 — 3.50 —
3.25 I 3.25 —| 3 I
] 1.100 1 738 0T e 1100
3.00 — 3.00 —| 33
i i . nggy B,
518 874 1280
275 — 275 — 5 Heo ‘138 46878 195
_ _ TBgagg 11421 1 18
5 153
250 — 250 — 3 ) teo
225 T T T T T T 1 2.25 T T T 1
0.0 10.0 200 30,0 40.0 0.0 10.0 20.0 30.0 40.0
Helix angle at reference dirde [4] Helix angle at reference drdle [7]
Horizontal axis |B [ - Helix angle at reference cirde v | | 0|| | 36 | Horizontal axis |B [ - Helix angle at reference drde ~ | | 1] | | 35,0000 |
Vertical axis |5F. -Root safety Gear 1 “| 2.4] | 53] Vertical axis |5F+ - Root safety Gear 1 Al 2.4] 3.3]
Color scale |5n-Transverse contact ratio V| | 1.l| | 18 | Color scale |E.,-Transverse contact ratio V| | 1.1| | 1.B||
Accept Delete Repart ‘ | Calculate | | SchlieBen Contact analysis Accept Delete Report | ‘ Calculate | | Schliefen Contact analysis
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Influence of both tooth form factor ¥ and helix angle factor Y g

Example 5

ap=11.0;1.1,...,1.8] h]"ép = h,p+0.25 p}P = 0.25,addendum is varied
B = [10°,15° ...,35°], helix angle is varied

a =303 mm

m,= 6 mm

ISO 6336: 2006 ISO 6336: 2019

A Fine sizing - O X 3 Fine sizing - O X
Conditions T Conditions IT Conditions IIT Results Graphics Conditions I Conditions IT Conditions III Results Graphics
Root safety Gear 1 Helix angle at reference circle Root safety Gear 1 Helix angle at reference circle
500 /] I 35.000 500 /T I 35.000

4.00 —

85 185 125
22.500 83 i 22.500
2 32
4.00 —
330 138
3 L

10.000
300 — 3.00 —
200 T T T 1 200 T T T T T T T 1
.00 1.50 2.00 250 1.00 120 1490 160 180 200 220 2.40
Transverse contact ratio Transverse contact ratio

Horizontal axis |ea ~Transverse contact ratio v [ 1]] 2.7 Horizontal axis ea~Transverse contact ratio v [ 11]] 22|
Vertical axis |sF. Root safety Gear 1 v [ 2] 5| Vertical axis |5F. - Root safety Gear 1 v [ 2] 5|
Color scale |B [%] - Helix angle at reference cirde “/[ w.oo00][  zs.0000] Colar scale B [9) - Felix angle at reference dicle “/[ ho.oooo|[  zs.0000]

e [ ] [ e | [ coluoe | [ scueten | [Conactanaies A ] [ ] [ e | [ coae | [ scueten | [Conacianaies
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7. Relative notch sensitivity factor Ys,¢;

ISO 6336: 2006

13.3.21.1 T, 1 for static stress

¥5pe 7 €an be calculated using Equations (50) to (54). These are consistent with the curves in Figure 11 (see
1SO 6336-1:2006, Table 2, for an explanation of the abbreviations used).

a) For St with well defined yield point:

140,93 (s —1) 4 22
Yomre— 1% (50)
1-0,034 290
o3

b} For St with steadily increasing elongation curve and 0,2 % proof stress, V and GGG (perl., bai.):

140,82 (vg 1) 4 202
0,2

YJreIT=—3 (51)
1+0,82 4

Q

q
o D
XN =]

These values are only valid if the local stresses do not reach the yield point.
c) For Eh and IF(root) with stress up to crack initiation:
Yia7=044¥5+0,12 (52)
d) For NT and NV with stress up to crack initiation:
Yre7=0,20 ¥5 + 0,60 (53)
e) For GG and GGG (ferr.) with stress up to fracture limit:

Tsrer=10 (54)
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ISO 6336: 2019
Values for GTS (black
malleable cast iron (perlitic
structure) added

13.3.2.2 Y, 7 for static stress
¥ per 7 can be calculated using Formulae (78] to [(83). These are consistent with the curves in Figure 13.

2)

b)

g

d)

For 5t with well-defined yield point:

200
140,93-(r, —1)- '

‘75
Yirar= |200 (78)
1+0,93-

H
For 5t with steadily increasing elongation curve and 0,2 % proof stress, V and GGG (perl., bai):
41300
140,82-(% —1)- %2
Nz
Virar= — (79)

These values are onlyvnhd if the local stresses do not reach the yield point.
For Eh and IF(root) with stress up to crack initiation:
¥iog7 =044 F +0,12 (80)

For NT and NV with stress up to crack initiation:
¥ 107 =0,20-% +0,60 (81

For GTS with stress up to crack initiation:

Y57 =0,075F; +0,85 (82)

For GG and GGG (ferr) with stress up to fracture limit:

Ysrar=1.0 (83)
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8. Application examples, wind gearboxes

Method

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.

setting_b_root - 5.RelFuss.b)
setting_b_flank -> Z5.RelFlanke.b)
setting_ftB_root -= Z5.RelFuss. ftB)

setting_ftB_flank -> Z5.RelFlanke. ftE)
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Wind turbine main gearboxes, comparisons

Four gearboxes A, B, C, D

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

and flank safety factor SF and SH

LSS=Planetary
ISS=Planetary
HSS=Helical

B LSS=Planetary
ISS=Planetary
HSS=none

C LSS=Planetary
ISS=Planetary
HSS=none

D LSS=Planetary
ISS=Planetary
HSS=Helical
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3.1 MW

3.0 MW

7.5 MW

3.3 MW

European

European

European

Chinese

Four planets in LSS, three
planets in ISS
Helical

Four planets in LSS, three
planets in ISS
Helical

Five planets in LSS, three
planets in ISS
Spur

Five planets in LSS, three
planets in ISS
Helical
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Results, gearbox ,A"

3.00
2.50
2.80
2.70
2.60
250

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

WTG main gearbox "A", 3MW class, SF and SH
(=1
l-ﬂ 5]
B
(=]
230 8 n
o~
220 -
2.10 2
2.00 -
190 ~ e
1.80 g - e 5
- o0 [ 0
1.70 2 - 4 @
1.60 i — e
150 g a9 R 3%
1.40 1o i - PG g & e
1.30 <+ = =
—
1.20 — [=] = : 8 (=] (=] [=]
[=] 3 [=] (=] [=]
1.10 = - 3 = 5 =
1.00 S
090
0.80
070
0.60
050
0.40
030
0.20
0.10
0.00

SF, 75, 1SS SF, zp, LSS SF, zr, LSS SH, zs, LSS SH, zp, LSS SH, zr, LSS SF, zs, 1SS SF, zp, ISS SF,zr, 1SS SH, zs, 1SS SH, zp, IS5 SH, zr, 1SS SF, z1, HSS SF, 22, HSS SH, 1, HSS

1.58

1.29

o
oo
=

1.13

I 1

I |

0000000000 ]

- ]

- 00000 ]

- ]
1.00

W50 6336:2006 W ISO 6336:2019 Factor 2019/2006

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%

WTG main gearbox "B", 3MW class, SF and SH
N
2 - -
o~
. 3
@ ~
2.10 @ -
- H
2.00
1.90
1.80 4 — - 2 2
1.70 o — 2
1.60 —
1.50 m
1.40 i = &
1.30 H i i
=] @ —
5 g g g 8 g g g
1.00 e °
0.90
0.80
0.70
0.60
0.50
0.40
0.30
0.20
0.10
0.00
SH, z.
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3.00
2.90
2.80
2.70
2.60
2.50
2.40
2.30
2.20

2.00
1.93

1.68

1.23
1.23
1.33

1.09
1.08

SF, zs, LSS SF, zp, LSS SF, zr, LSS SH, zs, LSS SH, zp, LSS SH, zr, LSS SF, zs, ISS SF, zp, ISS SF, zr, ISS SH, zs, 1SS SH, zp, 1SS

WSO 6336:2006 MW ISO 6336:2019 Factor 2019/2006

LSS: low speed stage
ISS: intermediate speed stage




Results, gearbox ,,C*

3.00
290
2.80
2.70
2.60
250
240
2.30
220
2.10

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

WTG main gearbox "C", 7.5MW class, SF and SH
&
R
—

190
1.80 - -

=}
1.70 5 e
1.60 - w @
1.50 l o0 o~ -

rn — Mm m

1.40 = oo —
130 & e
1.20
1.10 5 § §
1.00 °
090
0.80
070
0.60
0.50
0.40
030
020
0.10
0.00

SF, zs, LSS SF, zp, LSS SF, zr, LSS SH, zs, LSS SH, zp, LSS SH, zr, LSS SF, zs, ISS SF, zp, IS5 SF, zr, ISS SH, zs, 1SS SH, zp, 1SS

1.83
1.80

1.70

1.49
1.47
3
1.23
1.23
1.32
1.37
1.37
1.43

0.98
1.00
1.00

0.97

0.84
0.86

WIS0 6336:2006  MWISO 6336:2019 Factor 2019/2006

LSS: low speed stage
ISS: intermediate speed stage
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Results, gearbox ,D"

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

3.00
2.50
2.80
2.70
2.60
250
240
230
220
2.10
2.00
1.0
1.80
1.70
1.60
1.50
1.40
1.30
1.20
1.10
1.00
0.90
0.80
0.70
0.60
0.50
0.40
030
0.20
0.10
0.00

LSS: low speed stage
ISS: intermediate speed stage
HSS: high speed stage

WTG main gearbox "D", 3.3MW class, SF and SH

&«
o
o
w
o @ H
= 2 i
o o
o0 <
o N
o ~
o @
=
(]
=
@
—
oo
LR
—
© W
55 g8
=~
mm —
i -
©o 00
== = = 0
R - — H
- ~
o =) =] o
= = = =
= — = =

SF, 75, 1SS SF,zp, LSS SF,zr, LSS SH, 75, 1SS SH, zp, LSS SH, zr, LSS SF,zs, 1S5 SF,zp, 1SS SF,zr, 1SS SH,zs, 1SS SH,zp, 1SS SH, zr, IS5 SF, z1, HSS SF, 22, HSS SH, 71, HSS SH

1.62
1.83

1.40
1.40

WSO 6336:2006  MISO 6336:2019 Factor 2019/2006

31 |2020-03-22 | Hanspeter Dinner, Director Global Sales | SAL-REL-ISO6336_comparison-04-EN-WW-HD-PUBLIC.pptx

-0%

KISSsoft



9. Application example, EV transmission

FepeaBaAlEEaanEL s
M eth Od Jasterbodeposiion L Housing_StiffnessMatrix L LOD [ settings 4 speeds

The three stages of an EV transmission are rated
along 1SO 6336:2006 and ISO 6336:2019. Resulting
root and flank safety factors SF and SH are compared.

It is recommended to use the 1SO 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.

nce (QilLevel -> WelG.oelstand)

®)
nce (FrictionLubTypeForBearing -> WelG.lubricationType)

nce (considerQilLevel -> WelG. flagoelstand)
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9. Application example, EV transmission

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

EV transmision, 70kW class, SF and SH
1.80

o

=l

[}
1.70
1.60
1.50
1.40 o
130 < s a8

- - —
- WL
1.20 -~ - - - s
1.10 + TS - S < w0 =]
1.00 =31 S =3
®

0.90 =
0.80
0.70
0.60
0.50
0.40
0.30 f
0.20
0.10 5
0.00

Stage l s, Stage 1 zp, Stage 1,zr, Stage 1,15, Stage 1,2p, Stage 1,zr, Stage2, Stage 2, Stage 2, Stage 2, Stage 3, Stage 3, Stage 3,
pinion, SF gear, SF pinion, SH  gear, SH pinion, SF gear, SF pinion, SH

2.60
2.50
2.40
2.30
2.20
2.10 g g
2.00

1.90

2.47

2.23

1.15

I 135
I 139
I 103
& R 1.17
o / 7 Q. 1.17

WSO 6336:2006 WSO 6336:2019 M Factor 2019/2006

Stage 1: planetary stage
Stage 2: intermediate stage
Stage 3: output stage
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10. ISO/TR 6336-30

Examples from ISO/TR 6336-30, compared

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
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ISO/TR 6336-30:2017(en) Calculation of loa
ISO 6336 parts 1,

i= Table of contents

‘oreword
ntroduction
L Scope
* Normative references
3 Terms, definitions, symbols and units
3.1 Terms and definitions
3.2 Symbols and units
} Worked examples
4.1 General
+ 4,2 Qualifying comments
4.3 Example 1: Single helical case carburized gear pair
4.4 Example 2: Single helical through-hardened gear pair
4.5 Example 3: Spur through-hardened gear pair
4.6 Example &: Spur case carburized gear pair
4.7 Example 5: Spur gear pair with an induction hardened pinit
4.8 Example &: Spur intemal through-hardened gear pair
4.9 Example 7: Double helical through-hardened gear pair
4,10 Example 8: Single helical case carburized gear pair
innex A Example 1 detailed calculation
A.1 General
A.2 Defined data
A.3 150 6336-5:2016 — Allowable stress values for contact ani
A.4 Application data
A.5 Load data
A.6 Supplementary calculations

A = IICN £99 8 avnnd Famtaet ratin Factor
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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)

ISO/TR 6336-30 Examples 1 to 8, SF and SH

6.00
5.80
5.60

5.40
5.20
5.00
4.80
4.60
4.40
4.20
4.00
3.80
3.60
3.40
3.20
3.00
2.80
2.60
240
2.20
2.00
1.80
1.60
1.40
1.20
1.00
0.80
0.60
0.40
0.20 II
0.00

Example 1, Example 1, Example 2, Example 2, Example 3, Example 3, Example 4, Example 4, Example 5, Example 5, Example 6, Example 6, Example 7, Example 7, Example 8 Example 8,
pinion gear pinion gear pinion gear pinion gear pinion gear pinion gear pinion gear pinion gear

WSO 6336:2006, SF WSO 6336:2019, SF Factor 2019/2006, SF WSO 6336:2006, SH W 1S0 6336:2019, SH M Factor 2019/2006, SH
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11. Calculation using script

KISSsoft scripting language

KISSsoft Release 2020 provides a
scripting possibility.

Per one click, the user finds the results
for root safety calculated with ISO
6336:2006 and 1ISO 6336:20109.

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.
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Basic data

Sow | directly

Reference profile

Manufacturing Tolerances

w > @ | L3

M

22

20 alert ("Zahnfussspannung (IS0 &336:2006): "
21 alert("Zahnfussspannung (IS0 €336:201%): "

1//! WARNING: This is a generated comment to declare for
SERIPTDESCRIPTION=;

2 RechS5t.RechenMethID=10030

3 RechSt.RechenMethID old=10030

4 RechSt.RechenMethID default=10030

5

& Calculate ()

7 number SF_2006 = ZPP[0].Fuss.SF

8 number sigF2006 = ZPP[0].Fuss.sigF

9

10 RechsSt.RechenMethID=10029

11 RechsSt.RechenMethID old=1002%

12 RechSt.RechenMethID default=1002%

13

14 Calculate ()

15 number SF 201% = ZPP[0] .Fuss.SF

16 number sigF201% = zZPP[0].Fuss.sigF

17

18 alert("SF (ISO 6336:2006): " + SF_Z200€)
1% alert("sSF (ISO 6336:2019): " + SF_2019)

+ sigF2006)
+ sigF2019)

Script output

07.04.2020 12:09:01:
07.04.2020 12:09:01:
07.04.2020 12:09:01:

07.04.2020 12:09:01

Start run skript: immediate
SF (ISO 6336:2006): 2.825937485
SF (ISO 6336:2019): 3.278746101

: Zahnfussspannung (IS0 6336:2006): 254.470973
07.04.2020 12:09:01:
07.04.2020 12:09:01:

Zahnfussspannung (ISO 6336:2019): 219.0236935
Finished skript: immediate
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12. Conclusion

Conclusions are preliminary

Helical gears: SFT, in tendency

Helical gears: Influence of higher transverse contact
ratio is stronger

Spur external gears: SF{, smaller tooth thickness.
Spur internal gears : SFY, smaller root rounding (?)

Spur gears with contact ratio = 2.00, jump in results
are guestionable

Flank safety factor remain (changed in ISO 6336-
22006, Corrigendum 2008) Replace Equation (36) with the following:

Zy= !

A Jeos f
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Thank you for your attention!

Sharing Knowledge

KISSsoft AG, A Gleason Company
Rosengartenstrasse 4, 8608 Bubikon, Switzerland
T. +41 55 254 20 50, info@KISSsoft.AG, www.KISSsoft. AG

A
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v~

1ISO 6336-3:2019

Calculation of load capacity of spur
and helical gears — Part 3: Calculatior
of tooth bending strength

ABSTRACT | Preview

This document specifies the fundamental formulae for use in tooth bending stress
calculations for involute external or internal spur and helical gears with a rim thickness sp>»
0,5 h: for external gears and sg » 1,75 m, for internal gears. In service, intemal gears can
experience failure modes other than tooth bending fatigue, i.e. fractures starting at the roo
diameter and progressing radially outward. This document does not provide adequate safe
against failure modes other than tooth bending fatigue. All load influences on the tooth roc
stress are included in so far as they are the result of loads transmitted by the gears and in <
far as they can be evaluated quantitatively.

This document includes procedures based on testing and theoretical studies such as those
of Hirt'1], Strasserl’ and Brossmann!!%. The results are in good agreement with other
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