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ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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modification of the Y, factor in Clause 8 "Helix angle factor, Y5";
modification of theZ¥yfactor in 6.2 “Calculation of the form factor, Yg: Method B”;
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Alist of all parts in the ISO 6336 series can be found on the ISO website.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.

This

corrected version of ISO 6336-3:2019 incorporates the following corrections:

— the indication of the 90° angle in the middle of Figure 5 b) has been corrected.

© IS0 2019 - All rights reserved


https://www.iso.org/directives-and-policies.html
https://www.iso.org/iso-standards-and-patents.html
https://www.iso.org/foreword-supplementary-information.html
https://www.iso.org/foreword-supplementary-information.html
https://www.iso.org/members.html
https://standardsiso.com/api/?name=774c6464db83ad28719ce7f40ac91199

ISO 6336-

3:2019(E)

Introduction

ISO 6336 (all parts) consists of International Standards, Technical Specifications (TS) and Technical
Reports (TR) under the general title Calculation of load capacity of spur and helical gears (see Table 1).

and have been validated.

development.

Technid

The proced

tribological
include exa
numbers to

Requesting

International Standards contain calculation methods that are based on widely accepted practices

Technical Specifications (TS) contain calculation methods that are still subject to further

reflect knowledge gained in the future.

al Reports (TR) contain data that is informative, such as example calculations.

ires specified in parts 1 to 19 of the ISO 6336 series cover fatigue analyses for gear rating.
The procedures described in parts 20 to 29 of the ISO 6336 series are predominantly related tq
behavior of the lubricated flank surface contact. Parts 30 to 39 of the (SO 6336 series
mple calculations. The ISO 6336 series allows the addition of new partsunder appropriate

the

standardized calculations according to the ISO 6336 series without referring to spdcific

parts requires the use of only those parts that are currently designated-as International Standaprds

(see Table
ISO 6336 se
design need

1 for listing). When requesting further calculations, the{relevant part or parts of
ries need to be specified. Use of a Technical Specification as.acceptance criteria for a sp4cific
to be agreed in advance between the manufacturer and'the purchaser.

[able 1 — Parts of the ISO 6336 series (status as’of DATE OF PUBLICATION)

the

Calculation

of load capacity of spur and helical gears

International
Standard

Technical
Specifica-
tion

TechnI'cal
Repgrt

Part 1: Basid

principles, introduction and general influence factors

X

Part 2: Calcy

lation of surface durability (pitting)

X

Part 3: Calcy

lation of tooth bending strength

X

Part 4: Calcy

lation of tooth flank fracture lead-capacity

Part 5: Stren

lgth and quality of materials

Part 6: Calcy

lation of service life undex variable load

Part 20: Cald
and hypoid g

(replaces: IS

ulation of scuffing lodd’capacity (also applicable to bevel
ears) — Flash teniperature method

D/TR 13989-1J

Part 21: Cald
and hypoid g

(replaces: IS

ulation ofsouffing load capacity (also applicable to bevel
ears) —=Integral temperature method

0/TR13989-2)

Part 22: Cal

wlation of micronittinag load capnacityu
J r J r 4

(replaces: ISO/TR 15144-1)

Part 30: Calculation examples for the application of ISO 6336 parts 1,2, 3, 5

Part 31: Calculation examples of micropitting load capacity
(replaces: ISO/TR 15144-2)

The maximum tensile stress at the tooth root, which may not exceed the permissible bending stress for
the material, is the basis for rating the bending strength of gear teeth. The stress occurs in the “tension
fillets” of the working tooth flanks. If load-induced cracks are formed, the first of these often appears
in the fillets where the compressive stress is generated, i.e. in the “compression fillets”, which are those
of the non-working flanks. When the tooth loading is unidirectional and the teeth are of conventional
shape, these cracks seldom propagate to failure. Crack propagation ending in failure is most likely to
stem from cracks initiated in tension fillets.

vi © IS0 2019 - All rights reserved
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The endurable tooth loading of teeth subjected to a reversal of loading during each revolution, such
as “idler gears”, is less than the endurable unidirectional loading. The full range of stress in such
circumstances is more than twice the tensile stress occurring in the root fillets of the loaded flanks.
This is taken into consideration when determining permissible stresses (see ISO 6336-5).

When gear rims are thin and tooth spaces adjacent to the root surface narrow (conditions which can
particularly apply to some internal gears), initial cracks commonly occur in the compression fillet.
Since, in such circumstances, gear rims themselves can suffer fatigue breakage, special studies are
necessary. See Clause 1.

Several methods for calculating the critical tooth root stress and evaluating some of the relevant factors
havgbeemapproved. See ISO6336-1-

© 1S0 2019 - All rights reserved vii
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INTERNATIONAL STANDARD ISO 6336-3:2019(E)

Calculation of load capacity of spur and helical gears —

Part 3:
Calculation of tooth bending strength

IMPORTANT — The user of this document is cautioned that when the method specified is used
for lrh_l—l_(‘ﬁ'm_d'l—l—l_(_ym_rl_l?rge elixangles and large normal pressure angles (a,, , the calculated results
shoyld be confirmed by experience as by Method A.

1 Bcope

This| document specifies the fundamental formulae for use in tooth bending stress calcplations for
involute external or internal spur and helical gears with a rim thicknesssg™> 0,5 h, for exfernal gears
and g > 1,75 m,, for internal gears. In service, internal gears can experience failure modeq other than
tooth bending fatigue, i.e. fractures starting at the root diameter andprogressing radially outward. This
docyment does not provide adequate safety against failure modes other than tooth bending fatigue. All
load|influences on the tooth root stress are included in so far asthey are the result of loads fransmitted
by the gears and in so far as they can be evaluated quantitatively.

This| document includes procedures based on testing arid-theoretical studies such as thosg of Hirt[11],
Strapserl14] and Brossmannl10l. The results are in goodagreement with other methods (Reflerences [5],
[6], [7] and [12]). The given formulae are valid, for spur and helical gears with tooth| profiles in
accordance with the basic rack standardized in-}SO 53. They can also be used for teeth donjugate to
other basic racks if the virtual contact ratio ,\Isless than 2,5.

The |load capacity determined on the basis of permissible bending stress is termed “togth bending
strepgth”. The results are in good agréement with other methods for the range, as indigated in the
scope of ISO 6336-1.

If this scope does not apply, refer-to ISO 6336-1:2019, Clause 4.

2 Normative referénces

The [following docuinents are referred to in the text in such a way that some or all of their content
congtitutes requivéments of this document. For dated references, only the edition cited ppplies. For
undgted referefiees, the latest edition of the referenced document (including any amendments) applies.

ISO $3:1998; Cylindrical gears for general and heavy engineering — Standard basic rack tooth|profile

[SO 1122-1:1998, Vocabulary of gear terms — Part 1: Definitions related to geometry

ISO 4287:1997, Geometrical Product Specifications (GPS) — Surface texture: Profile method — Terms,
definitions and surface texture parameters

IS0 4287:1997/Cor 1:1998, Geometrical Product Specifications (GPS) — Surface texture: Profile method —
Terms, definitions and surface texture parameters — TECHNICAL CORRIGENDUM 1

IS0 4287:1997/Cor 2:2005, Geometrical Product Specifications (GPS) — Surface texture: Profile method —
Terms, definitions and surface texture parameters — TECHNICAL CORRIGENDUM 2

ISO 4287:1997/Amd 1:2009, Geometrical Product Specifications (GPS) — Surface texture: Profile
method — Terms, definitions and surface texture parameters — AMENDMENT 1: Peak count number

[SO 4288:1996, Geometrical Product Specifications (GPS) — Surface texture: Profile method — Rules and
procedures for the assessment of surface texture

© IS0 2019 - All rights reserved 1
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ISO 6336-1, Calculation of load capacity of spur and helical gears — Part 1: Basic principles, introduction
and general influence factors

ISO 6336-5, Calculation of load capacity of spur and helical gears — Part 5: Strength and quality of
materials

3 Terms, definitions, symbols and abbreviated terms

3.1 Terms and definitions

For the py
ISO 6336-1

[SO and IEC

— ISO Online browsing platform: available at https://www.iso.org/obp

3.2 Symbols and abbreviated terms

For the pul
ISO 6336-1

IEC Ele

rposes of this document, the terms and definitions given in ISO 1122-1:1998
apply.

maintain terminological databases for use in standardisation at the following-addressg

ctropedia: available at http://electropedia.org/

'poses of this document, the symbols and abbreviated terms given in ISO 1122-1:1
hnd Table 2 apply.

Table 2 — Abbreviated terms and symbolsused in this document

and

LS

998,

Abbreviated terms
Term Desctiption
Eh mfaterial designation for case-hardened wrought steel
GG miaterial designation for grey castiron
GGG |material designation for nodular castiromn (perlitic, bainitic, ferritic structure)
GTS |mlaterial designation for black malleable cast iron (perlitic structure)
IF mfaterial designation for flame-ot-induction hardened wrought special steel
M point
NT  |miaterial designation forinitrided wrought steel, nitriding steel
NV  |mlaterial designation fer'through-hardened wrought steel, nitrided, nitrocarburized
St mfaterial designation for normalized base steel (o5 < 800 N/mm?2)
\ mfaterial designation for through-hardened wrought special steel, alloy or carbon (o5 = 800 N/min?)
X xH{coordinate
Y y{coordimnate
3 For extefnal)gears q, d, d,, z; and z, are positive; for internal gearing, g, d, d, and z, have a negative sign, z; has a
positive sign. Al catculated diameters nave a negative sign for inrernat gearing.
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Table 2 (continued)

Symbols
Symbol Description Unit
a, manufacturing centre distance mm
b face width mm
by face width of one helix on a double helical gear mm
d diameter (without subscript, reference diameter?) mm
d, tip diameter? mm
. tipdiameter of virtual gear —1 mm
4, base diameter ,JQJ) mm
dy,, |base diameter of virtual gear q>') mm
dy,o |base diameter of the tool r;.:b ’ mm
d., |outer single contact diameter of virtual gears n\(‘b‘U mm
d, reference diameter of virtual spur gear ACOJ mm
dy, |active tip diameter O\U mm
d,,  |pitch diameter ’S\\\J mm
4, reference diameter of the tool <& ™ mm
F auxiliary value OQ‘ mm
Ky (nominal) load (normal to the line of contact or trans§§r§e to the plane of action) N
Ky, | (nominal) load, normal to the line of contact n\\) N
Hye (nominal) transverse load in the plane of actis@}ase tangent plane) N
Fghignh |load per unit facewidth of the higher loadend.ﬁank N/mm
Fliow |load per unit facewidth of lower loaded.@a\(rfk N/mm
£ (nominal) transverse tangential lo:'i!k@ reference cylinder per mesh N
R, (nominal) tangential load at thg\@*?h cylinder N
Iz load distribution influence f@; —
; auxiliary value N\ —
H auxiliary value ,.O\‘ —
h.p addendum of bagigkzek of cylindrical gears mm
hfp, |addendum of@'} mm
e, bepding et arm for tooth root stress relevant to load application at the outer mm
point ofsingle pair tooth contact
Hep deg,e.@u\m of basic rack of cylindrical gears (ISO 53:1998 shall apply) mm
1, t@{height mm
K {stance of point M to the point of contact of the pitch circles mm
a 30‘thernal gears a, d, d,, z, and z, are positive; for internal gearing, a, d, d, and z, have a negative yign, z; has a

positive sign. All calculated diameters have a negative sign for internal gearing.
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Table 2 (continued)

Symbols
Symbol Description Unit
Ky application factor —
K, |transverse load factor (root stress) —
Kpp  |face load factor (root stress) —
K, dynamic factor —
K, mesh load factor —
L ayxitary vatue —
M miean stress ratio A'\U)
m, n¢rmal module m
Ny, nymber of load cycles - :b =
Ppn  |nermal base pitch O‘OSU mm
pr protuberance of the tool ACOJ mm
q mfaterial allowance for finish machining per flank O\U mm
qs n¢tch parameter, q, = S, /205 ’5\\\4 —
qsx notch parameter of the notched test piece <& - —
qsr notch parameter of the standard reference test gear OQ‘ —
R stfress ratio \\\\ —
Rz mean peak-to-valley roughness (ISO 4287:1997 including ISSQ\Zf287:1997/Cor 1:1998, m
190 4287:1997/Cor 2:2005, ISO 4287:1997/Amd 1:2009‘:@&50 4288:1996 shall apply) H
Rz, |mlean peak-to-valley roughness of the notched, roug{\t\e"st piece um
Rz mean peak-to-valley roughness in the filet of stai rd reference gears (see ISO/ um
TR 10064-4) A
r rgdius N mm
r,o |tip radius of tool ,.:\\b‘ mm
ryo | baseradius of the tool L V mm
M rgdius for the centre of the top.l\%@\radius mm
'y mfanufacturing pitch circle @}i‘ds mm
rwo |m@nufacturing pitch cifl;l’adius of tool mm
S sdfety factor (}\‘O —
Sg sdfety factor fo;\l@"l{breakage —
SEmin | Minimum recmi safety factor for tooth root stress —
Spn |tdoth roc&@}d at the critical section mm
Spr |1 sidka?ﬁhlet undercut, s, = pr-q mm
Sp ri@ﬁ:kness mm

a

For external gears a, d, d
positive sign. All calculated diameters have a negative sign for internal gearing.

a’

z, and z, are positive; for internal gearing, a, d, d, and z, have a negative sign, z; has a
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Table 2 (continued)

Symbols
Symbol Description Unit
T auxiliary value —
t, maximum depth of grinding notch mm
ug manufacturing tooth ratio —
Xy |x-coordinate of point M mm
X profile shift coefficient —
Xplmm [STmattest gernerating profite stift —

Xo profile shift coefficient of the tool —

rim thickness factor, which adjusts the calculated tooth root stress for thin
rimmed gears

Ypr |deep tooth factor —

tooth form factor, for the influence on nominal tooth root stress with load-applied at
F the outer point of single pair tooth contact

—
<

Yu mean stress influence factor (see Annex B) —
Yu y-coordinate of point M mm
Yk [|life factor for tooth root stress, relevant to the notched testpiece —
Y\, |life factor for tooth root stress, relevant to the plain polished test piece —
Y\  |life factor for tooth root stress for reference test conditions —
Yr tooth root surface factor (relevant to the plain palished test piece) —
Yrk  |surface factor —
Yro |surface factor of the plain, polished test piece —

relative roughness factor, the quotient.of the gear tooth root surface factor of inter-
relk | est divided by the notch test piece fdetor, Yy o1k = Yr/Yri

o<
|

relative surface factor, the quotiént of the gear tooth root surface factor of interest
elT |divided by the tooth root surfage factor of the reference test gear, Yy 1o; 7 = Yr/ Y1

o<
|

Yrr |toothroot surface factor of the reference test gears —

stress correction factor,)for the conversion of the nominal tooth root stress, deter-
Ys mined for applicatianof load at the outer point of single pair tooth contact, to the —
local tooth root stress

stress correction factor, relevant to the notched piece —

kT |stress.correction factor, relevant to the dimensions of the reference test gears —

¥
Y [stress corréction factor, relevant to the notched test piece —
)
)

x sizefactor (tooth root) —

s helix angle factor (tooth root) —

Ys notch sensitivity factor of the actual gear (relative to a polished test piece) —

a For external gears a, d, d,, z; and z, are positive; for internal gearing, a, d, d, and z, have a negative sign, z; has a
positive sign. All calculated diameters have a negative sign for internal gearing.
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Table 2 (continued)

Symbols
Symbol Description Unit
Y5 |notch sensitivity factor of a notched test piece, relative to a smooth polished test piece —
v noch sensitiviFy factor of the standard reference test gear, relative to the smooth .
6T |polished test piece
relative notch sensitivity factor, the quotient of the gear notch sensitivity factor of
Ys o1 |interest divided by the notch sensitivity factor of the standard reference test gear, —
Ysreim=Ys/Yor
y ayxiliary value ° or rad
y' a\inliary value (\&' -
z n+mber of teeth 2 A.‘],"'—
z, virtual number of teeth of a helical gear ('r\;:) —
A n+mber of teeth of the tool ‘_()‘\bv —
Zoy etlluivalent number of teeth of the tool ,.\\od —
Aen profile angle at the outer point of a single pair tooth contact of virtual spQCg}'a)rs °
a lgad dire_ction angle, relevanF to direction of application of load at the cg(e\r point of o
Fen Isingle pair tooth contact of virtual spur gears <
ay trfansverse pressure angle for the radius at the point M AQ\ °
a, nermal pressure angle ‘\\‘ °
a, wprking pressure angle . & °
a,o |operating pressure angle of the manufacturing pairing(\w °
a, trfansverse pressure angle of basic rack profile ,\$ - °
Py base helix angle A‘\\O °
Y ayxiliary angle \O °
Yo allxiliary angle at the virtual gear ‘,‘(-\)L‘ °orrad
Aa  |half angle of thickness at point M Q\\ °
Ah ayxiliary value “\’ . mm
AR’ a\ixiliary value ,O\‘ mm
o allxiliary value \) °
c@ntact ratio \C')U —
&4 transverse contagt\%)lo —
Em |virtual contact@d of the virtual spur gear —
& oyerlap rat{'o\?\‘ —
0 tg ngen‘gi\ﬁgle °orrad
A al'x),lﬁry:/alue —
£ alxiiary value _
3 For external gears q, d, d,, z; and z, are positive; for internal gearing, a, d, d, and z, have a negative sign, z; has a
positive sign. All calculated diameters have a negative sign for internal gearing.
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Table 2 (continued)

Symbols
Symbol Description Unit
Pao tool tip corner rounding mm
Pr tooth root radius at the critical section mm
pep |toothroot fillet radius of the basic rack for cylindrical gears mm
Pg radius of grinding notch mm
o' slip layer thickness mm
TIOTTITAl StTESS N/mm2
dg |tensile strength N/mm?2
¢r  |toothrootstress N/mm?2
o |allowable stress number (bending), opg = 0 |im Yst N/mm?2
O |toothroot stress limit N/mm?2
odjim |nominal stress number (bending) N/mm?
op |permissible bending stress N/mm?
Oppstar | Permissible bending stress for the static stress N/mm?2
Opbref |pPermissible bending stress for the reference stress N/mm?2
Op |nominal tooth root stress N/mm?2
oyim |nominal notched-bar stress number (bending) N/mm?
oiim |nominal plain-bar stress number (bending) N/mm?2
¢s |yield stress N/mm?2
op, |proofstress (0,2 % permanent set) N/mm?
Xt relative stress gradient in the root of a ngtch mm-~1
X[k |relative stress gradient in the notch*teot of the test piece mm-~1
X[, |relative stress gradient in a smogth polished test piece mm-1
x['r |relative stress gradient of thé standard reference test gear mm-~1
) auxiliary angle °orrad
9o auxiliary angle °
@ For external gears q, d, d;.z7-and z, are positive; for internal gearing, a, d, d, and z, have a negative bign, z; has a
posifive sign. All calculated.diameters have a negative sign for internal gearing.
4 [looth breakage and safety factors
Tooth breakdge usually ends the service life of a transmission. Sometimes, the destruction of all gears in
a trgnsmisgion can be a consequence of the breakage of one tooth. In some instances, the tfansmission
path between input and output shafts is broken. As a consequence, the chosen value of the safety
fact@rS¢ against tooth breakage should be larger than the safety factor against pitting.

General comments on the choice of the minimum safety factor can be found in ISO 6336-1:2019, 4.1.11. Itis
recommended that the manufacturer and the customer agree on the value of the minimum safety factor.

This document does not apply at stress levels above those permissible for 103 cycles, since stresses in
this range may exceed the elastic limit of the gear tooth.

5 Basic formulae

5.1 General

The actual tooth root stress oy and the permissible (tooth root) bending stress ogp shall be calculated
separately for the pinion and the wheel; o shall be less than opp.

© IS0 2019 - All rights reserved 7
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5.2 Safety factor for bending strength (safety against tooth breakage), S;.

Calculate Si separately for the pinion and the wheel:

o
_ “FG1
SFl_ o 2SFmin @)
F1
_ ~FG2
SFZ - o 2SFmin (2)
F2
Op1 and Opyake derived from Formulae (3) and !A) The values of Ore for reference stress and static
stress are cplculated in accordance with 5.4.3.2 and 5.4.3.3, using Formula (5). For a limited lifé, g, is
determined in accordance with 5.4.4.
The values pf the tooth root stress limit oy, of the permissible stress opp and of the tooth root s{ress
op may eacl be determined by different methods. The method used for each value shallbe stated ip the
calculation [report.
NOTE Safety factors in accordance with this clause are relevant to the transmissible torque.

See ISO 631
risk of dam

5.3 Toot

5.3.1 General

Tooth root §

5.3.2 Me

In principle
analysis, in

6-1:2019, 4.1.11 for comments on numerical values for the minfmum safety factor and the

hge.

1 root stress, oy

tress o is the maximum tensile stress at thessuirface in the root fillet.

thod A

the maximum tensile stress can.be-determined by any appropriate method (finite elefnent
egral formulae, conformal mapping procedures or experimentally by strain measurement,

etc). In orjer to determine the maximum tooth root stress, the effects of load distribution over|{two
or more engaging teeth and changesyof stress with changes of meshing phase shall be taken|into
consideratipn.

Method A i$ only used in specialcases and, because of the great effort involved, is only justifiable in
such cases.

5.3.3 Method B

According fo this‘document, the local tooth root stress is determined as the product of the noninal

q

tooth root

ress and a stress correction factord.

[1€ deteril OOLUIl I'OO O UIr's w dpp

This methodt fcation

of load at the outer point of the single pair tooth contact of spur gears or of the virtual spur gears of
helical gears. However, in the latter case, the “transverse load” shall be replaced by the “normal load”,
applied over the facewidth of the actual gear of interest.

For gears having virtual contact ratios in the range 2 < ¢, < 2,5, it is assumed that the determinant
stress occurs with the application of load at the inner point of the triple pair tooth contact. In
ISO 6336 (all parts), this assumption is taken into consideration by the deep tooth factor, Y In the
case of helical gears, the factor, Yj, accounts for deviations from these assumptions.

1)  Stresses such as those caused by the shrink-fitting of gear rims, which are superimposed on stresses due to
tooth loading, should be taken into consideration in the calculation of permissible tooth root stress op.

8 © IS0 2019 - All rights reserved
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Method B is suitable for general calculations and is also appropriate for computer programming and for
the analysis of pulsator tests (with a given point of the application of loading).

Op =0pg Ky K, K, Kgg Kgy

where

OFQ

is the nominal tooth root stress, which is the maximum local principal stress pr

(3

oduced

at the tooth root when an error-free gear pair is loaded by the static nominal torque and
without any pre-stress such as shrink fitting, i.e. stress ratio R = 0 [see Formula (4)];

NOT

Pro =

where

is the permissible bending stress (see 5.4);

is the application factor (ISO 6336-1 shall apply), which takes into accountload
due to externally influenced variations of the input or output torque;

is the mesh load factor (ISO 6336-1 shall apply), which takes into‘account the ury
tribution of the total tangential load between meshes for multiple paths;

is the dynamic factor (ISO 6336-1 shall apply), which takes.nto account load inc
due to internal dynamic effects;

is the face load factor for tooth root stress (ISO 6336*1 shall apply), which takes
count uneven distribution of load over the facewidth due to mesh-misalignment
inaccuracies in manufacture, elastic deformations, etc.;

is the transverse load factor for tooth root'stress (ISO 6336-1 shall apply), whic
account uneven load distribution in the\transverse direction, resulting, for exan
pitch deviations.

increments

even dis-

rements

into ac-
caused by

h takes into
hple, from

See IS0 6336-1:2019, 4.1.18, for the sequence in which factors Kj, K,, Kgg and K, are calcylated.

F
b-m

n

Y Y ‘Yﬁ Yg Ypr

is the nominaltangential load, the transverse load tangential to the reference ¢
(ISO 63361-shall apply);

NOTE\n all cases, even when €, > 2, it is necessary to substitute the relevant
gential load as F,. Reasons for the choice of load application at the reference cyl
given in Annex C. See ISO 6336-1:2019, 4.2, for definition of F, and comments ox
Characteristics of double helical gears.

(4)

ylinder

total tan-
nder are
particular

is the facewidth (for double helical gears b = 2 bg);

©1S0 2019

NOTE The value b, of mating gears, is the facewidth at the root circle, ignoring

any inten-

tional transverse chamfers or tooth-end rounding. If the facewidths of the pinion and the

wheel are not equal, it can be assumed that the load bearing width of the wider
is equal to the smaller facewidth plus a maximum of 1 x module at each end.

is the normal module;

facewidth

is the form factor (see Clause 6), which takes into account the influence on the nominal
tooth root stress of the tooth form with load applied at the outer point of the single pair

tooth contact;

- All rights reserved
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Ys is the stress correction factor (see Clause 7), which takes into account the influence on the
nominal tooth root stress, determined for the application of load at the outer point of the
single pair tooth contact, to the local tooth root stress, and thus, by means of which, are

taken into account;

i) the stress amplifying effect of the change of section at the tooth root, and

ii) the fact that evaluation of the true stress system at the tooth root critical section i
more complex than the simple system evaluation presented;

S

Yﬁ isthe helix nng]n factor (an Clause Q)’ which compensates for the factthatthe bendin
moment intensity at the tooth root of helical gears is, as a consequence of the obliquel
of contact, less than the corresponding values for the virtual spur gears used as lyases
calculation;

Yg is the rim thickness factor (see Clause 9), which adjusts the calculated toethroot stres
thin rimmed gears;

Ypr |is the deep tooth factor (see Clause 10), which adjusts the calculated-tooth root stress
high precision gears with a contact ratio in the range 2 < ¢, < 2,5.

5.4 Pernjissible bending stress, opp

5.4.1 General

The limit v3lue of tooth root stresses (see Clause 11) should(preferably be derived from material
using gearq as test pieces, since in this way the effects.of test piece geometry, such as the effe
the fillet at|the tooth roots, are included in the results?;The calculation methods provided const
empirical npeans for comparing stresses in gears of-different dimensions with experimental reg
The closer fest gears and test conditions resemble the service gears and service conditions, the lg
will be the influence of inaccuracies in the formulation of the calculation expressions.

If the pernfissible bending stress, opp, is, obtained from notched, flat, or plain polished test pi
Annex A shall apply.

5.4.2 Methods for determination/of permissible bending stress, op — Principles, assumpti
and application

5.4.2.1 Gpneral

Several prdcedures fox the determination of the permissible bending stress opp are acceptable.
method adgpted shall be validated by carrying out careful comparative studies of well-docume|
service histpries'ef'a number of gears.

nes
for

s for

for

ests
ct of
tute
ults.
sser

bces,

pNns

The
nted

5.4.2.2 MethodA

By this method, the values for ogp or for the tooth root stress limit, o, are obtained using Formulae (3)

and (4) from the S-N curve or damage curve derived from results of testing facsimiles of the actual
pair, under the appropriate service conditions.

gear

The cost required for this method is, in general, only justifiable for the development of new products,

failure of which would have serious consequences (e.g. for manned space flights).

Similarly, in line with this method, the allowable stress values may be derived from consideration of

dimensions, service conditions and performance of carefully monitored reference gears.
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5.4.2.3 Method B

Damage curves

characterized by the nominal stress number (bending), oy ;,,, and the factor Yy have

been determined for a number of common gear materials and heat treatments from results of gear load
or pulsator testing of standard reference test gears. Material values so determined are converted to
suit the dimensions of the gears of interest, using the relative influence factors for notch sensitivity,
Y5 o1 v fOr surface roughness, Yy . 1, and for size, Yy.

Method B is recommended for the calculation of reasonably accurate gear ratings whenever bending
strength values are available from gear tests, from special tests or, if the material is similar, from

ISO 6336-5.
5.4.3 Permissible bending stress, op: Method B
5.4.3.1 General
Subjpct to the reservations given in 5.4.3.2 and 5.4.3.3, Formula (5) is to be uSed for this calfulation:
Oppi Yor oY) Y.
_ “Flim ST °NT _ Opg " INT - g
PP T Ysrerr YrrelT Yx N 'YSrelT'YRrelT'Yx—S (5)
F min F min F min
where

OF lim is the nominal stress number (bending) frem reference test gears (ISO 6336-5 shall
apply), which is the bending stress limit value relevant to the influences of tfhe materi-
al, the heat treatment and the surfaceroughness of the test gear root fillets

OFE is the allowable stress number foi;bending, which is the basic bending strength of the
un-notched test piece, under the'assumption that the material condition (influding
heat treatment) is fully elastic;

Opg = (O tim Ys1)5

Ysr is the stress correction factor, relevant to the dimensions of the reference tgst gears
(see 7.4);

YN is the lifefactor for tooth root stress, relevant to the dimensions of the refefence test
gear (see.Clause 12), which takes into account the higher load capacity for a|limited
number of load cycles;

OFG iscthe tooth root stress limit;

056 = (OFp SF min);

St tin is the minimum required safety factor for tooth root stress (see Clause 4 anri 5.2);

Ys.it  isthe relative notch sensitivity factor, which is the quotient of the gear notch sensitiv-
ity factor of interest divided by the notch sensitivity factor of the standard reference
test gear (see Clause 13) and which enables the influence of the notch sensitivity of the
material to be taken into account;

YrraT  istherelative surface factor, which is the quotient of the surface roughness factor of
tooth root fillets of the gear of interest divided by the tooth root fillet factor of the
reference test gear (see Clause 14) and which enables the relevant surface roughness of
tooth root fillet influences to be taken into account;

Yy is the size factor relevant to tooth root strength (see Clause 15), which is used to take

into account the influence of tooth dimensions on the tooth bending strength.

© IS0 2019 - All rights reserved 11
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5.4.3.2 Permissible bending stress (reference)

The permissible bending stress (reference), opp .op is derived from Formula (5), with Yyr = 1 and
influence factors og iy Ysp Ys rel v YR rel v Yx @nd Sg i, calculated in accordance with the specified
Method B.

5.4.3.3 Permissible bending stress (static)

The permissible bending stress (static), opp 44 IS determined in accordance with Formula (5), with
factors oy tim YN Y1 Ysrel v YRrel v Yx and Sg i, calculated in accordance with the specified Method B
(for the static stress).

5.4.4 Permissible bending stress, oy, for limited and long life: Method B

5.4.4.1 Gpneral

opp for a given number of load cycles, N;, is determined by means of graphicalcpricalculated lipear
interpolatign along the S-N curve on a log-log scale, between the value obtained for the reference sfress
in accordance with 5.4.3.2 and the value obtained for the static stress in accardance with 5.4.3.3.|Also
see Clause 12.

5.4.4.2 Graphical values

Calculate ofp ¢ for the reference stress and opp ¢, for the statiestress in accordance with 5.4.3{ and
plot the S-Njcurve corresponding to the life factor Yyr. See Figure I for the principle. ogp for the relgvant
number of Ipad cycles N; can be read from this graph.

12 © IS0 2019 - All rights reserved
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Key
number of load cycles, N, (log)
permissible bending stress, opp (log)
static

limited life

long life

LW N R XX

Example: Permissible bending'stress, opp, for a given number of load cycles.

Figure 1 — Graphical’'determination of permissible bending stress for a limited life,
in accordance with Method B

5.4.4.3 Determination by calculation

Calcplate appys for the reference stress and opp ¢, for the static stress in accordance with 5.4.3 and,
using these-results, determine oyp for the relevant number of load cycles N| in the limited l{fe range, as
follows.

3.106 )7
Opp =OFpref * YN = OFp ref - N (6)
L

a) ForSt,V,GGG (perl., bai.) or GTS (perl.), the limited life range as shown in Figure 11, 10% < N; < 3 x 10°:

(0
exp=0,4037 log—2 2t (7)

Ofp ref

b) For IF, Eh, NT (nitr)), NV (nitr.), NV (nitrocar.), GGG (ferr.) or GG, the limited life range as shown in
Figure 11, 103 < N| < 3 x 106:

© IS0 2019 - All rights reserved 13
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c
FP
exp=0,2876-log ——2t (8)

OFP ref
Corresponding calculations may be determined for the range of long life.
6 Form factor, Vi
6.1 General
Y is the faftor by which the mfluence of tooth form on the nominal tooth root stress Is takenjinto
account. Anjnex C explains the derivation of the factor Y. See 5.3.2 for principles, assumptiens| and
details of uge. Y} is relevant to the application of load at the outer point of the single pair toeth contact
(Method B)
The chord Hetween the points at which the 30° tangents contact the root fillets for external gears, pr at
which the §0° tangents contact the root fillets for internal gears, defines the sectipn-to be used a$ the

basis for ca

The tooth f(
it should be
shift, Xg iny

Because of
that the de
profile shif

instead of {E

usually ten

The formul
but with the

including tooth thickness allowances, can be neglected, and in practice it can be assumed tha

the contact point of the 30° (60°) tangent shall lie on the tooth root fillet generated by the root

culation (see Figures 3 to 4).

rm factor is sensitive to the tooth thickness. When the manufactured geometry is measy
used. If not, then, based on the tooth thickness tolerance, the-smallest generating pr
should be taken into account in the stress calculation.

material allowances for finishing processes such as ptofile grinding, it is usually the

[, xxm,, plus a tolerance designed to ensure that(the finishing allowance will be gre
ss than the requisite minimum. Because of this, calculated values of tooth root stre
on the side of safety.

e in this document apply to all basic rack profiles (see Figure 2) with and without unde
e following restrictions:

asic rack;
c rack profile of the gear §hall have a root fillet with p¢p > 0;

h shall be generated (1sing tools such as hobs, rack type shaper cutters or pinion type sh

hlculated ratings refer to finished tooth forms, profile grinding and similar allowa

ons of the basic rack of the tool are the same as those of the counterpart basic rack of the §

rnal géars only the shaper cutter data is used.

ired,
ofile

case

bth setting of the roughing tool, relative to the geat'axis, includes the amount of nonpinal

ater
sses

rcut,

fillet

Aper

hces,
[ the
rear;

a)

of the b
b) the bas
c) theteet

cutters
d) since ¢

dimens
e) forinte
14
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6.2

6.2.

The
beng
cont|

my(r/k) mo(7r/b)
— 1 I

% |\ | % |

\ | |

. .

q Y | |

. - . |

< o s & -

R |

Sof \ - £

\J E = I

| |

| |

0 I %S I

a) With undercut

rmined separately for the pinion and the wheel.
Calculation of the form factor, Y;: Method B

|  General

act for Method B is shown inigures 3 and 4.

b) Without undercut

Figure 2 — Dimensions and basic rack profile of the teeth (finished profile]

pbove comments apply to straight spur and helical gears:The value Y} is determined fos
gears of helical gears; the virtual number of teeth z,¢an be determined using Formufa (16) Y} is

determination of the normal cheérdal dimension, sg,, of the tooth root critical sect
ling moment arm, hg,, relevant to.the load application at the outer point of the single pai

" the virtual

on and the
I gear tooth

© IS0 2019 - All rights reserved
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an/(b/COS ﬂb) = be/b

Wi

a Base cirgle.

Figure 3

Method B (external gears)

X .
Q‘/ ‘y' fﬁ' 600
|

. g R
FosMbrtos B) = Fy/b g

— Determination of normal chordal dimensions of thé tooth root critical section f

hFe

or

W

a Base circle.

Figure 4 — Determination of normal chordal dimensions of the tooth root critical section for

16

Method B (internal gears)
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The following formula uses the symbols illustrated in Figures 3 and 4:
6-h

Fe
—COS aFen

V=2 S, )

s 2

ﬂ -COS

m n
n

In order to evaluate precise values, sp, and ag,,,, of hg, it is first necessary to derive a value of 6 which
is reasonably accurate, usually after five iterations of Formula (29). Determination of Y by graphical
means is not recommended.

The [factor f, considers the influence of load distribution between the teeth in the meshi|It provides

morg accurate results for gears with contact ratios ¢,, > 2,0. Contact ratios of ¢,, 22,0 ar¢ calculated

for gears with high helix angles, high contact ratios, €, or both.
For $pur gears with contact ratios ¢,,, < 2,0 the factor f, is equal to one accortling Formyla (10). For
helidal gears with overlap ratio €4 = 1 the factor is calculated according to Formula (14). Formulae (12)
and [13) provide a smooth function for f, between Formulae (10) and (14}:

IfegfF 0 and g, < 2 then

- (10)
IfegF 0 and g4, 2 2 then
f.=0,7 (11)

If0 tep<1andg,, <2 then

0,5
°p
f. = l-eg+—— (12)
806[1
If0 tep<1andég,, =2 then
1-¢ eg V7
fg =( B +—ﬁ] [13)
2 Eon
If g 1 then
fe =€an’” (14)

6.2.2 ~Parameters of virtual gears

The parameters of virtual gears are as follows.

B, =arccos\/1—(sinﬁ -cos oL, ) =arcsin sin 8- cose,) ) (15)

z

zZ =——— (16)
" coszﬁb -cos B
€
Eon =—— (17)
cos* 3,

© IS0 2019 - All rights reserved 17
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d, = d =m, -z, (18)
cos?f,
Py, =T-m, -cos o, (19)
dy, =d, -cosa, (20)
dan zdn +dNa —d (21)
2 2 2 2
d d m-d-cosfB-cosa d
denzz.i an | _| 7bn | _ P (e, —1)| + 2 (22)
|z| 2 2 |z| 2
The numbef of teeth, z, is positive for external gears and negative for internal gears.
d
o, =ayfccos| 20 (23)
den
0,3 m+2-x-tanex, ]
Ye = +inve —inve,, (24)
Zn
) 0,5-1t+2-x-tamozn
Olpep =0, — Ve =tana,, —invo, — (25)

Zy

6.2.3 Toqth root normal chord, s, radius of root fillet, p., bending moment arm, h, for
external gdars generated with a hob?)

First, deterpnine the auxiliary values for Formulal{9):

S

T pr . pfp

—m|. — -tano.. + —(1-sina,. )- 26
4 p P " cosa, ( n) cosor, (26)

Spr = Pr = { (see Figure 2);

Spr = 0 when gears are not undercut;

h
ol I (27)
mn mn
yo2 @ B\ (28)
z, LZ an
with

2)  If the tip of the tooth has been rounded or chamfered, it is necessary to replace the tip diameter, d,, in the
calculation by dy, the “effective tip diameter”.
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T =m/3 for external gears;

9=£-tan9—H (29)

Zn

The value 0 = /6 for external gears may be used as a seed value in the iteration of the transcendental
Formula (29). Generally, the function converges after five iterations.

a) Tooth root normal chord, s,

S sin(n—@\d.-«,/g( G _pr\ (30)

m " k3 j kcos@ mn}

b) Radius of the root fillet, pp (see Figures 3 and 4)

2
p_sz_fP+ 2:G (31)
m, m,  cos6-(z, cos?6-2-G)

c) PBending momentarm, hg,
i 1 d T G Op
Fe : en fP
—=—| (cosy, —siny, -tano -———z_-cos| ——0 |- - 32
m 2{( Te Ve Fen) m " (3 ) [cose m, (32)

6.2.4 Tooth root normal chord, s, , radius of root fillet, pr , bending moment arm, hg| for
external gears generated with a shaper cutter?)

‘e/. @

a) Shaper cutter

© IS0 2019 - All rights reserved 19


https://standardsiso.com/api/?name=774c6464db83ad28719ce7f40ac91199

IS0 6336-3:2019(E)

3, P
S| 2
o IS
7
< BB (i
X o N
\> oS N
SFn
- K
>
07
‘0/7
! o n
b) Gear blank
Figure 5 — The shaper cutter and the gear blank in a specific meshing position
In the folloying, formulae for the calculation of the tooth root geometry at a transverse cross se¢tion
for the equipalent'spur gear are given(2l,
GeometriCatl guantities which shall be known (Figure 5) are:

Zy number of teeth of the tool;

0 tangential angle (30° for external gear, 60° for internal gear);
Xy,  profile shift coefficient of the tool;

Pao tooltip corner rounding (normal plane);

spr  residual fillet undercut (normal plane).

Initial geometrical quantities to be calculated are:

— equivalent numbers of teeth, z,
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0
Z0v =T 2 2m
cos f3-cos“ B,

— operating pressure angle, a

necessary)
Xo+X _
§{=2-———tano, +inve,
Zy, +Z
Ov n

Initial value:

w0 2@

teration:

E—inva
= 2 7wl
Pwo "= %wo +

2
tan“a,,
— manufacturing centre distance, a,

ZOV +Zn COSOCn

1, =m .
0 n
2 cosa,,

— manufacturing tooth ratio, u

— manufacturing pitch circle radii of the gear, r,,, and the tool, r,,

i 9

w

= T =r. -u
w0 w 0
1+u0

— pase-circle radius of the t60ol; ry

b0 =0,5-mn “Zg, *COSTY,

Geonnetrical quantities on the shaper cutter (Figure 6) are:

© IS0 2019 - All rights reserved

IS0 6336-3:2019(E)

(33)

wo» Of the manufacturing pairing (in general, two iteration steps are

(34)

(35)

(36)

(37)

(38)

(39)

(40)
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— transvg

&) 006

Figure 6 — Quantities at the shaper cutter

v, for the centre of the tool tip fillet radius

_paO

[Zﬂ_kh_kxo_pao]
2 m m

n n

rse pressure angle, ay, fer the radius, ry

i
a,, =afccos| 2>
"™

— halfang
0,

ble of thickness, Aa, at point M

b - 2% -tan o, ~ Pao —Sp

Ao =

r . .
+1nv OCn —Inv OCM

Zn., No

oY B

— coordinates of the point M

Xy =ny -sin(Aa);Yy =ny, -cos(Aax)

(41)

(42)

(43)

(44)

(45)

Determination of the auxiliary angle, i, through iteration using Formulae (48) to (51) (in general, two
iterations steps are sufficient):

T

Yy=—+06

Zn

Initial value:

22

(46)
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V=Y, (47)
"'wo
A=—"=-cosy (48)
"™
y=w—arccos(l)+Aa+W_W0 (49)
U
0
- :
Vo L Two sin(y) (50)
U v V1-A2
=y -2 (51)
y
endl of the successive iteration at l, <107°.
y
Distance K of the point M to the point of contact of the pitch circles:
0y =0 —W — A (52)
"wo
D =arccos| —-cosy (53)
M
Ah' =Y\ =1, -COS @ (54)
hp— _Asiny (55)
sin(y +ay)
Ah
K =— (56)
siny
Characteristic quantities forthe'root geometry:
roordinates of the tangent point
X =r,, -sin(y -0J2(K+p,, )-cos6 (57)
 =r,, -cos(y —6)—(K+p,, ) sin6 (58)
Footh root thickness s,
Spp=2-X (59)
tooth root fillet radius pg
K2
Pr= T Pao (60)
M -sin
v +K
o e
Bending moment arm, hg,:
: den
hg, =(cosy, —siny, -tanoy,, )7_ (61)
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6.2.5 Tooth root normal chord, s, radius of root fillet, p;, bending moment arm, h, for

internal ge

ars generated with a shaper cutter?)

The calculation of the tooth root geometry follows Formulae (33) to (61) for virtual spur gears at a
transverse cross sectionl?]. Use negative sign convention for all diameters of the gear, the manufacturing
centre distance, ay and the tangential angle, 6 (60° for internal gear).

7 Stress correction factor, Y

7.1 Basicuses

The stress

orrection factor, Y, is used to convert the nominal tooth root stress to the local toboth|root

stress and, py means of this factor, the following are taken into account:

a) the strgss amplifying the effect of the section change at the fillet radius at the tootlzroot3);

b) that evaluation of the true stress system at the tooth root critical section is mgre-complex than the
simple pystem evaluation presented, with evidence indicating that the intensity of the local sfress
at the footh root consists of two components, one of which is directly influenced by the valiie of
the beridding moment and the other increasing with closer proximity te the critical section of the

determ

Ys is the faq
See 5.3 for {

The formul
with 20° pr
formula me
for gears hg

The presen
information

7.2 Stres

inant position of the load application.

tor for the load application at the outer point of the single’pair tooth contact (Metho
he principles, assumptions and application of Method B:

he in this clause are based on the data derived_ frém the geometry of external spur g
essure angle, by means of measurement and calculations using finite element and intg
thods. The formulae can also be used to obtain approximate values for internal gears
ving other pressure angles.

F instructions refer to spur and helical\gears. See Clause 6 for explanatory comments
on the calculation of the virtual nuinbers of teeth relevant to helical gears.

s correction factor, Y5: Method B

The calculaftion of the stress correction factor, Y5, is made in accordance with Formula (62), whi

valid in the

range: 1 < g, < 8; symbols are as illustrated in Figures 3 and 4.

 B).

ears
gral
and

and

ch is

QY
1,21+2—l"3
Yo =(1,R+0,13.4)%q; (62)
where
s
[ =_Fn (63)
hFe
with
Spp  from Formula (30) for external gears generated with a hob, Formula (59) for external and
internal gears generated with a shaper cutter;
hg,  from Formula (32) for external gears generated with a hob, Formula (61) for external and
internal gears generated with a shaper cutter;
3) See 7.3 for the procedure to be followed when grinding notches are present in tooth fillets.
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S
=_Fn (64)
2 pp

with pp from Formula (31) for external gears generated with a hob, Formula (60) for external and
internal gears generated with a shaper cutter.

s

Determination of Yg by graphical methods is not appropriate.

7.3 Stress correction factor for gears with notches in fillets

rasagrindingnotehinth etofagearnearthecritical sectionrustalty 3rsadegree
of stiess concentration exceeding that of the fillet; thus, the stress correction factor is cortg¢spondingly
greater. A fair estimate of Ysg, obtainable from Formula (65), can be substituted for.Xs) seq Figure 7, if
the motch is near the critical section. See also Reference [13].

1,3,
_ (65)

¢
Sg tg
1,3-0,6- [—=
pg
t
Ualid for -2 <2,0
pg

The leffect of the grinding notch is less than that implied in'Formula (65) when the notch 1s above the
contpct point of the 30° tangent (external gears) or 60° tangent (internal gears).

Y5 dlso takes into consideration the reduction in the'tooth root thickness.

Deep notches in the fillets of surface hardened-steel gears severely reduce the bending |strength of
their teeth.

7.4 Stress correction factor, Y, relevant to the dimensions of the standard reference
test gears

The tooth root stress limit values for materials, according to ISO 6336-5, were derived from results
of tests of standard reference test gears for which either Ygr = 2,0 or for which test results were
recalculated to this value. See also Reference [13].
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8 Helix angle factor, Yﬂ

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, Y}, 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

Yp may be readfronr figure 8asa functiom of tire tretixangte; fand the overtap ratio; £

Y1 Y2
1,6
1,5 0,1
0,2
0,3
14 0,4
0,5
1,3 / 0,6
V 0,7
7 0,8
1,2 / 0,9
/ 1
——
0,9
0 5 10 15 20 25 30 35 490 X
Key
X referepce helix angle, 8, degrees

Y1 helix fpctor, Y,B
Y2 overlalp ratio, &g

Figure 8 — Helix factor, Yﬁ

Helix factors Yj for8> 25° shall be confirmed by experience.

8.3 Determination by calculation

The factor Yj can be calculated using Formula (66) which is consistent with the curves illustrated in
Figure 8.

(1, B )1
i _(1 °p 1200)6053[3 (66)

where [ is the reference helix angle, in degrees and

g5 >0 (67)

The value 1,0 is substituted for €5 when 5> 1,0, and 30° is substituted for g when > 30°.
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9 Rim thickness factor, Y;

9.1 General

Where the rim thickness is not sufficient to provide full support for the tooth root, the location of
bending fatigue failure may be through the gear rim, rather than at the root fillet. The rim thickness
factor, Y, is a simplified factor used to de-rate thin rimmed gears when detailed calculations of stresses
in both tension and compression or experience are not available. For critically loaded applications this
method should be replaced by a more comprehensive analysis.

9.2 [ Graphical values

Y cqn be taken from Figure 9 as a function of the backup ratio sy /h, for external gears'and as a function
of the rim thickness sy /m,, for internal gears.

Y Y

@

S
4)
2\\ bt 2
\ \\
<
1 1
0 0
05 07 1 1,22 2 3 4 50X1 15 2 3 4 6 8 10 X2

Key
X1 | backup ratio, sp/h;

X2 | rim thickness, sp/m,

Y rim thickness factor, Yy

Figure 9 — Rim thickness factor, Y

9.3 | Determination by calculation

9.3.1 External gears

=
=
(¢]
\O

Y carbe calculated using Formulae (68) to (69). These are consistent with the curve in Fig]|

a) Ifsg/h,=1,2,then
Y;=1,0 (68)

b) Ifsg/h.>0,5and sy/h < 1,2, then
ht
Yy =1,6-In| 2,242.— (69)

SR
c) The casesp/h,< 0,5 shall be avoided.
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9.3.2 Internal gears

Yy can be calculated using Formulae (70) to (71). These are consistent with the curve in Figure 9.

a) Ifsg/m, 23,5, then

Y, =1,0 (70)

b) Ifsg/m,>1,75and sy/m, < 3,5, then

( m
Y, =1, 5-1[1L8,324-—J (71)
c) The cade sg/m, < 1,75 shall be avoided.

10 Deep tooth factor, Y

10.1 Gendral

For gears of high precision (ISO Tolerance Class < 4) with contact ratios in'the range of 2 < ¢,, ¥ 2,5
and with applied actual profile modification to obtain a trapezoidal load distribution along the path
of contact, the nominal tooth root stress, oy, is adjusted by the deepteoth factor, Yp. If ISO Tolerpnce
Class of the|pinion and the wheel is different, the worse one shall be used for both partners.
10.2 Graphhical values

Ypr may bejread from Figure 10 as a function of the contaet ratio, &,,.

Y

1,1

0,9 \

0,8 ™

0,7

0,6
1,9 2 2,1 2,2 2,3 2,4 2,5 26 X

X  virtual contact ratio, &,
Y  deep tooth factor, Y

a ISO Tolerance Class > 4.
b [SO Tolerance Class < 4.

Figure 10 — Deep tooth factor, Yy
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10.3 Determination by calculation

Ypr can be calculated using Formulae (72) to (74). These are consistent with the curves in Figure 10.

a) Ife,,<2,050rife,, >2,05and the ISO Tolerance Class > 4, then

an —

Yy =1,0

b) 1f2,05<¢,, <2,5and the ISO Tolerance Class < 4, then

an —

Yy =—0,666-¢,, +2,366

c) [fe,,>2,5and the ISO Tolerance Class < 4, then

o =0,7

11 Reference stress for bending

11.1 General

See 5.4 for general information on the determination of limitvaldes for the tooth root stresg.

11.2 Reference stress for Method A

Method A is consistent with the determination of the tooth root stress reference stress 4
5.4.4.2.

11.3 Reference stress, with values o) and o for Method B

See .4.2.3 and 5.4.3 for information, See-Formula (5) for definitions of o ;,,, and opg.

NOTE ISO 6336-5 provides infermation, derived from the results of testing standard referen
on values of o ;,,, and ogg for theiinore popular gear materials, heat treatment processes and the
the rhaterial quality on those yalues. ISO 6336-5 also includes requirements for quality grades ML
concprning material and heat treatment. Material quality grade MQ is usually chosen for gears unle|
agregd upon.

12 Life factor Yy

12.1 General

The [life.factor, Yyr, accounts for the higher tooth root stress, which may be tolerable for aj

106

(72)

(73)

(74)

ccording to

e test gears,
influence of
MQ and ME
ss otherwise

limited life

r standard

L £1 | ] Al | il & 11 L1 4 £ 1 AV4 1: £
numoer-orroat Cy ISy, asCUnTpar COvwItIT CIICarro v auTe STITsSSat o TUCYCICSTTNT aPPIIeST

reference use.

The principal influence factors are:

a) material and heat treatment (see ISO 6336-5),
b) number of load cycles (service life), N,

b) failure criteria,

c) smoothness of operation required,

d) cleanness of gear material,

© IS0 2019 - All rights reserved
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e) material ductility and fracture toughness, and
f) residual stress.

For the purposes of this document, the number of load cycles, N, is defined as the number of mesh
contacts, under load, of the gear tooth being analysed. The allowable stress numbers are established for
3 x 106 tooth load cycles at 99 % reliability.

A Yy value of unity may be used, where justified by experience, beyond 3 x 106 cycles. However, the
use of optimum material quality and manufacturing, with selection of an appropriate safety factor, is
recommended.

12.2 Life factor, Yy : Method A

The S-N curve or damage curve derived from facsimiles of the actual gear is determinant forf the
establishm¢nt of the limited life. Yy; can be derived from the S-N curve, which is direetly-valid fof the
conditions mentioned, the influences represented by the factors Y5 .. 1 Yr rel » @and Yy are includ¢d in
the curve.

12.3 Life factor, Yy : Method B

12.3.1 General

For this method, life factor, Yy, of the standard reference test geatiis'used as an aid in the evaluatipn of
the permisgible stress for a limited life or reliability (see 5.4).

12.3.2 Grdphical values

Yy may be|read from Figure 11 for the static stress and reference stress as a function of material and
heat treatment. Values from a large number of testsare presented as typical damage or crack initigtion
curves for gurface-hardened and nitride-hardened steels, or curves of yield stress for structurall and
through-hardened steels.
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Y
2,6
2,4 1
)] \ \
2,2
\ N
N
2 21N
18 NI
) \\
N
1, J \\
N N \
NN 3 N
1,4 M AN N
| \\ \
N N \
1,2 |
4- \\\\ \\
— L 1] _4\ NN
T ——L LN
1 TR
0,9 - SESits
0,8
02 10° 10* 10° 10° 107 10° 10° X
Key
X number of load cycles, N|,
Y life factor, Yy
1 GTS (perl), St, V, GGG (perl. bai.)
2 Eh, IF (root)
3 NT, NV (nitr.), GGG (ferr.), GG
4 NV (nitrocar.)
Figure 11 — Life factor, Yy, for reference test gears
12.3.3 Determinationby calculation
The data of Yy for-static stress and reference stress can be taken from Table 3.
Life factor, Yy for limited-life stress is determined by means of interpolation on a log-log scale between
the yalues-for reference and static stress limits as defined in 5.4.3. Evaluation of Yy is according to 5.4.4.
Table 3 Life factor Y
7N

1

Material Number of load cycles, N;, Life factor, Yy
St, V,GGG (perl. bai.), N, = 10% static 25
N, =3x10°6 1,0
GTS (perl), N, = 1010 0,85 up to 1,02
N <103, static 2,5
Eh, IF (root) Np =3 x10°6 1,0
N; =1010 0,85 up to 1,02

3 The lower value of Yy may be used for critical service, where tooth root breakage shall be minimal. Values between
0,85 and 1,0 may be used for general purpose gearing. With optimum lubrication, material, manufacturing and experience
1,0 may be used.
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Table 3 (continued)

Material

Number of load cycles, N|, Life factor, Yy

GG,
NT, NV (nitr.)

N <103, static 1,6

GGG (ferr.),

Ny =3 x106 1,0

N =1010 0,85 up to 1,02

NV (nitrocar.)

N <103, static 1,1

N, =3 x 106 1,0

N, =1010 0,85 up to 1,02

a  The lowq

0,85 and 1,0
1,0 may be u§

T vatue of Ty ray be used for criticat service, witere tootir root breakage stratt-be mmimimmat—vatues bet
may be used for general purpose gearing. With optimum lubrication, material, manufacturing and expep
ed.

een
ence

13 Notch

13.1 Basic

The extent
breakage e3
factor, Y. It
and the str
This applie
the relativd
reference te

13.2 Dete

13.2.1 General

Comments

13.2.2 Me

The tooth 1
similar test
analysis —
tooth form

13.2.3 Me

When ther
with notch

sensitivity factor, Yy, and relative notch sensitivity factor, Y{¢, r

L uses

to which the calculated tooth root stress deemed to have catsed fatigue or ove
rceeds the relevant material stress limit is indicated by the dynamic or the static sensit
characterizes the notch sensitivity of the material, and its\Values depend on the mat
bss gradient. Its values for dynamic stresses are differedp from its value for static stre
5 to Yo in relation to breakage of a standard reference test gear tooth. It applies als
sensitivity factors which relate the sensitivity of a.gear of interest to that of a stan

stgear (Y5 o1 7)-

rmination of the notch sensitivity factors

bn these factors given in 5.4 apply in principle.

thod A

oot stress limits are-determined by testing facsimiles of the gear of interest (or cld
gears), in which case-the relative notch sensitivity factor is equal to 1,0. However, a ca
by means of whigh the relative notch sensitivity factor for the relevant material and rel¢
will be established — has yet to be undertaken.

thod B

load
jvity
erial
5Ses.
o to
dard

sely
reful
vant

efepence and static stress limit values are derived with Method B using reference test g

of any gear

ears

apameters q.r = 2,5, the factor Y5 . 1 relevant to the reference and static stress limits

p fm
seldom deviates much from 1,U. 1S 1S because € value gqr = 4,01 In € mid-range of

common gear designs. The reference value Yy ., = 1,0 for the standard reference test gear coincides
with the stress correction factor Y5 = 2,0 (see Figures 13 and 15).

13.3 Relative notch sensitivity factor, Yy ., - Method B

13.3.1 Graphical values

13.3.1.1 Yy for reference stress

Ys o1 7 €an be read from Figure 12 as a function of g and the material. The curves in this graph for each
of the materials were derived from Figure 14 by subtracting from the absolute value Y, appropriate to
each value of g, the value of Y for that material corresponding to the notch parameter g, = 2,5 (the
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notch parameter of the standard reference test gear). For any gear of interest, g, can be calculated using

Formula (64).

13.3.1.2 Yy 1 for static stress

Ys .o T may be taken from Figure 13 as a function of the stress correction factor Y5 and the material.
The curves in this graph for each of the materials were derived from Figure 15 by subtracting from the
absolute value Y appropriate to each value of Y, the value of Yg; for that material corresponding to
Yst = 2,0 (the stress correction factor of the standard reference test gear). For any gear of interest, Y
can be calculated using Formula (62).

13.3.2 Determination by calculation
13.3.2.1 Yyt for reference stress
Ys .| T can be calculated using Formula (75). This is consistent with the curves$ imFigure 12
R (75)
relT — - .
Ysr 1+ P Xt
The flip-layer thickness, p', can be taken from Table 4 as a functidn of the material.
The felative stress gradient can be calculated using Formula‘¢76)4):
v =xp-(1+2q,) (76)
with
« 1
== 77
Y p 5 (77)
The palue of y* for the standard reférence test gear is obtained similarly by substituting q.f = 2,5 for g,
in FQrmula (76).
Table 4 — Values for slip layer thickness p’
Item Material p' [mm]2
1 GG og = 150 N/mm? 0,312 4
2 GG, GGG (ferr); o = 300 N/mm?2 0,309 5
3 NT, NV; for all hardness 0,100 5
4 St; o5 =300 N/mm? 0,083 3
5 St; 05 =400 N/mm? 0,044 5
6 \7, FTQ’ GGG (pnrl hai ), r\'D EATA ]\TI/mmZ ﬂ,ﬂ')fR 1
7 V, GTS, GGG (perl. bai); og = 600 N/mm? 0,019 4
8 V, GTS, GGG (perl. bai.); oy, = 800 N/mm?2 0,006 4
9 V, GTS, GGG (perl. bai.); 0= 1000 N/mm? 0,001 4
10 Eh, IF (root); for all hardness 0,003 0
a  For the same category of material the given values of p’ can be interpolated for other values of oy, og or 0g2-
4)  Applies for module m = 5 mm. The influence of size is covered by the factor Yy (see Clause 15).
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13.3.2.2 Yy for static stress

Ys e €an be calculated using Formulae (78) to (83). These are consistent with the curves in Figure 13.

a) For St with well-defined yield point:

1+0,93-(Ys-1)- 200
o
S
Y5 relT ~ 200 (78)
1+0,93- ==
Os
b) For St with steadily increasing elongation curve and 0,2 % proof stress, V and GGG (perl., baiy);
140,82 (Y —1)- 4/ﬂ
(o
0,2
Y6 relT T 300 (79)
1+0,82- 4=
%0,2
These yalues are only valid if the local stresses do not reach the yield point.
c) For Eh aind IF(root) with stress up to crack initiation:
Y5 e $0,44-Y5+0,12 (80)
d) For NTnd NV with stress up to crack initiation:
Y5 e $£0,20-Y5 +0,60 (81)
e) For GT§ with stress up to crack initiation:
Y5 e $0,075-Y5 +0,85 (82)
f) For GG pnd GGG (ferr.) with stress upto fracture limit:
Ysrar F1.0 (83)
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Y
/ /
1,4 7
Vs rer = Vs /Vor a/ /
/ &
13— 7 *«o\{ / 150 2
i /GG, GGG (ferr.) / 330 op N/mm
775 ey Y | /><>/GG
3 0% ° NT, NV ¢
12 — | / N
. 300
4 =
SFn / g 400 Og N/Il’ln'l2
sl 80
11 - T 600
44/// 800 2
/ —— 1 —==—=1—"11000 ( %op N/mm
== "~
1 \
b Eh, IF d
|
V, GTS, GGG (perl,, bai.)
0f9
08
0f7
1 1,5 2 25 4 5 6 7 8 9 X
Key
X [notch parameter, q, = Sg,,/2pg
Y [relative notch sensitivityfactor, Yy .. 1, for reference stress
a Fully insensitive té-notches.
b [Fully sensitivetownotches.
¢ With increasingly pearlitic structure.
d  J(root).
NOTE &_ ™ Values of o are expressed in newton per square millimetre (N/mm?2).
NOTE 2  This figure is based on the bending flat bar complying with VDI 2226[8],

Figure 12 — Relative notch sensitivity factor, Y; ., 1, for reference stress
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Y Eh,IF¢  0g=200N/mm* o,,=1000N/mm’
1,8 \\/¢ 7 7
/
1,7 /// /
1,6 % /< St,
W\kk V,GGG
1,5 = ’,// (perl., bai.)
L
14 \*%// / _— NT,NV
’ RN /it >
Y, -
774
4% /// =
1,2 Z
/ . — ™~ GTS
1,1 / |
./ / c

. GGG

| — /

| —
0,9 =+ - GG, GGG (ferr.) b
7
y,

0,8 -

L/
07 (A

1,5 2 2,5 3 3,5 4 X

Key

X stress cprrection factor, Y

Y relative|notch sensitivity factor, Yy .. 1, for static stress
a  Fully in§ensitive to notches.

b Fully sepsitive to notches.

¢ With in¢reasingly pearlitic structure.

d  (root).

NOTE This figure is based on the pending flat bar complying with VDI 2226[8],

Figure 13 — Relative notch sensitivity factor, Y; ., 1, for static stress
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}O’B, N/mm?*

Y
1,7 —
\\\/ ' 150
7
: \/ / 330
s
1,6 X’ //
\> GG, GGG (ferr.)
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/
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\/> / e
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—
— e
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— — 7 b Eh, IF d
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1 1,5 2 25 .3 4 5 6 7 8 9 X
Key
X [notch parameter, g
Y [notch sensitivity factor, Y, for¥eference stress
a Fully insensitive to notches:.
b |Fully sensitive to notches)
¢ With increasingly pearlitic structure.
d  J(root).
NOTE Thisfigure is based on the bending flat bar complying with VDI 2226[8l,
Figure 14 — Notch sensitivity factor, Y, for reference stress

N/mm?

., bai.)

L, N/mm?
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Y
3,5
3 0o N/mm?
25 Z e
i V, GGG (perl, bai.)
) i
// ~ NT, NV
=~ \ Py
| —
/{/ ] GTS
115 v — el /
| [ ]
“Z . — o
1 ::://—/ G,G’ GGGI(ferr.) b
1,5 2 2,5 3 3,5 4 X

X  stress cprrection factor, Yg

Y  notch s¢nsitivity factor, Yy, for static stress
2 Fully in§ensitive to notches.

b Fully sepsitive to notches.

¢ With in¢reasingly pearlitic structure.

d  (root).

NOTE This figure is based on the bending flat bar complying with VDI 2226[8],

Figure 15 —(Notch sensitivity factor, Y, for static stress

14 Surfage factors, Yg; ¥, and relative surface factor, Yy .7

14.1 Influence ofsurface condition

The surfacq faetof; Yy, accounts for the influence on the tooth root stress of the surface conditign in

the tooth r¢aets. This is dependent on the material and the surface roughness in the tooth root fillets
(see NOTE WUM’WWWWG for

Y1 the surface factor of the standard reference test gear. These factors are compared to that of a plain,
polished test piece. Relative surface factors represent the relationship of the surface factor of a gear of
interest to that of the standard reference test gear (Y o 7)-

NOTE The influence of the surface condition on the tooth root bending strength does not depend solely on
the surface roughness in the tooth root fillets, but also on the size and shape (the problem of “notches within a
notch”). This subject has not to date been sufficiently well studied for it to be taken into account in this document.
The method applied here is only valid when scratches or similar defects deeper than 2 x Rz are not present
(2 x Rzis a preliminary estimated value).

Besides surface texture, other influences on tooth bending strength are known, and include residual
compressive stresses (shot peening), grain boundary oxidation and chemical effects. When fillets are
shot-peened and/or are perfectly shaped, a value slightly greater than that obtained from the graph
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should be substituted for Yy . 1. When grain boundary oxidation or chemical effects are present, a

smaller value than that indicated by the graph should be substituted for Yg .o 1.
14.2 Determination of surface factors and relative surface factors

14.2.1 General

The comments in 5.4 apply in principle for the determination of these factors.

14.2.2 Method A

ethod A the tooth root stress limit is determined by testing the gear of interest orn.tes
similar test gears. By this approach, the relative surface factor is equal, or approximdtely e
In order to determine the material surface factor relative to that of the gear tested,.d care
shall be undertaken.

14.2.3 Method B

The material strength values provided are derived in accordance with\Method B, from resul

ting closely
qual, to 1,0.
ful analysis

's of tests of

stanfdard reference test gears of which Rz = 10 pm. In general, the value Yy .t relevant to the reference

stregs of any gear of interest differs little from 1,0, since Rz = ¥0 pym is a common mean V|
for sftatic stress may also be made equal to 1,0.

14.3 Relative surface factor, Yy . t: Method B

14.3.1 Graphical values

YR rel T €an be taken from Figure 16 as a function+of the material and Rz, the peak-to-valley r
the ooth root fillets of the gear of interest. This graph is derived from Figure A.1.

alue. Yy o1

bughness in
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X roughng
Y relative
a For stat
b (root).

NOTE T

14.3.2 Determination by calculation

14.3.2.1 Y,
YR rerTCank
a) Referer]

— for

3:2019(E)

Y
1,15
1,1
AN
1,05
\
\\
\\ \
1 —\ a
~~—
\\ GG, GGG (ferr.), NT, NV-
0,95 \\ st
AN
\ V, GGG (perl, bai.)
0,9 Eh, IF B-GTS (perl.)
1 2 3 4 6 810 20 30 40< X
ss, Rz, pm

surface factor, Yp .o 1

c stress and all materials.

his figure is derived from Figure A.1.

Figure 16 = Relative surface factor, Yy .., 1

re1 T fOr reference stress

e calculatedusing Formulae (84) to (90). These are consistent with the curves in Figur

ce stress in the range Rz < 1 pm

D
—
()

;-GGG (perl,, bai.), Eh, IF (root), and GTS (perl.):

)¢

— for

)¢

— for

)¢

40

RrelT

RrelT

RrelT

=1,12

St:
=1,07

GG, GGG (ferr) and NT, NV:
=1,025

(84)

(85)

(86)
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b) Reference stress in the range 1 pm < Rz < 40 pm

— forV, GGG (perl., bai.), Eh, IF (root), and GTS (perl.):

0,1
YR rel T =1,674-0,529-(Rz+1)
— for St:
0,01
YR rel T =5,306-4,203-(Rz+1)

3:2019(E)

(87)

(88)

14.3

15

15.1

The
dist1
acco
of t

The
a)

b)

)
Size
15.7
The

oper
heat

— for GG, GGG (ferr) and NT, NV:

)¢

0,005
el T =4,299-3,259-(Rz+1)

2.2 Yp o 1 for static stress

¢

RrelT =10

Size factor, Yy

| General

size factor, Yy, is used to take into consideratiof.the influence of gear tooth size on t
ibution of weak points in the structure of‘the material, on the stress gradientg
dance with the strength of materials theory) decrease with increasing dimensions, on
e material as determined by the extent and effectiveness of forging, on the presence of

following have significant influence:

material, its cleanliness, chemistry, and forging process;

heat-treatment, depth anduniformity of hardening;

odule, in the case ofsurface-hardening: case depth in relation to tooth size (core supp

factor Yy shall be-determined separately for the pinion and the wheel.

Size factor, Yy: Method A

value ofsthe size factor Yy shall be based on reliable experience or testing under 4
ating\conditions of a range of different sizes of gears in each material of interest, af
treated. The provisions given in ISO 6336-1:2019, 4.1.16 are relevant.

(89)

(90)

he probable
, which, in
the quality
defects, etc.

ort effect).

he relevant
propriately

15.3 Size factor, Yy: Method B

15.3.1 General

The values provided are based on the results of testing gears and bending strength test pieces
of different sizes, due regard being paid to the current standards and practices of established
heat-treatment practitioners.

15.3.2 Graphical values for reference stress and static stress

The value of Yy may be taken from Figure 17 as a function of the module, material and heat-treatment.
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Y
a
1 !
\</ St, V, GGG (perl,, bai.), GTS (perl.)
09
A LN
4
b - Eh, IF ¢, NT, NV
0,8 i i
\/ GG, GGG (ferr.)
0,7
0
02 10 20 30

X normal module, m,, mm

Y  size facf

or, Yy

a Static stiress (all materials).

b Referenfe stress.

¢ (root).

NOTE T

15.3.3 Detfermination by calculation

15.3.3.1 Si

Yy may be
Figure 17.

ze factor, Yy, foh reference stress

he shaded area is in the range of scatter for the static stress.

Figure 17 — Sizefactor, Yy, for tooth bending strength

calculated, 'using the formulae in Table 5, which are consistent with the curves givéen in

42
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Table 5 — Size factor (root), Yy

IS0 6336-3:2019(E)

Material Normal module, m, Size factor, Yy

St, V, m <5 Yy=1,0

GGG (perl., bai.), 5<m,<30 Yy=1,03-0,006m,

GTS (perl.), 30=m, Yy =0,85
m,<5 Yy=1,0

i;icnmq' 1m£;£;06 5<m, <25 Yy =1,05-0,01m,
25<m, Yy=0,8
m, <5 Yy = 160

GG, EGG (ferr) 5<m, <25 Yy = 1,028 0,015 m,,
25<m, Y¢=0,7

All mhaterials for static stress — Yy=1,0

15.3.3.2 Size factor, Yy, for static stress

Yy =[1,0

15.3.3.3 Size factor, Yy, for a limited life

Yy i obtained by means of linear interpolation between-the values for the reference str
static stress as determined according to 15.3.3.1 and 15:3.3.2 This formulation is already

ess and the
included in

the letermination of the permissible stress for a limited life according to 5.4.4. Consequiently, if the

calctyilation of the permissible stress for a limited life s done according to 5.4.4, additional ir

of Yy does not apply.
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