INTERNATIONAL ISO
STANDARD 6336-2

Third edition
2019-11

Corrected version
2020-11

Calculation of load capacity of spur
and helical gears —

Part 2:
Calculation of surface durability
(pitting)
Calcul de la capacité de-charge des engrenages cylindriques a

dentures droite et hélicoidale —

Partie 2: Calculdela tenue en fatigue a la pression de confact
(écaillage)

Reference number
ISO 6336-2:2019(E)

©1S0 2019


https://standardsiso.com/api/?name=3ce36c7db3cc4b17a5b6243681e182cf

ISO 6336-2:2019(E)

COPYRIGHT PROTECTED DOCUMENT

© IS0 2019

All rights reserved. Unless otherwise specified, or required in the context of its implementation, no part of this publication may
be reproduced or utilized otherwise in any form or by any means, electronic or mechanical, including photocopying, or posting
on the internet or an intranet, without prior written permission. Permission can be requested from either ISO at the address
below or ISO’s member body in the country of the requester.

ISO copyright office

CP 401 ¢ Ch. de Blandonnet 8

CH-1214 Vernier, Geneva

Phone: +41 22 749 01 11

Email: copyright@iso.org

Website: www.iso.org

Published in Switzerland

ii © IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=3ce36c7db3cc4b17a5b6243681e182cf

IS0 6336-2:2019(E)

Contents Page
0 Q2740 o OO \'4
0 U 00 X0 1D ot 0 ) OO vi
1 S0P ... 1
2 NOIMALIVE FEECT@INCES ...........ooooooooeoeeeeeeeeeeeeeeeeeeeeeeeeeeesees et 1
3 Terms, definitions, symbols and abbreviated terms................ i, 2
3.1 Terms and definitions
3.2 SYMDbOIS and abDTEVIATEA TETTIIS ..o s 2
Pitting damage and safety factors ... e b o 6
5 J 22 13 Lol (0] 9 ¢4 111 - V<3 o AU AN (S 7
5.1 (0T 1) = | Y o A I 7
5.2 Safety factor for surface durability (against pitting), Sy .. 8
5.3 CONLACE SETSS, O oottt 8
5.4  Permissible contact stress, oyp 9
5.4.1 General........ooooeeeee, 9
5.4.2  Determination of permissible contact stress, gyp — Principles,
assumptions and apPplication ...l 10
5.4.3 Permissible contact stress, oyp: Method B ... 10
5.4.4  Permissible contact stress for limited and long life: Method B.......cccoc..feoen 11
6 Zone factor, Z;;, and contact factors, Z; and 7},
6.1 (073 1) = | TP, <
6.2
(ST R €71 4 ) | e
6.2.2  Graphical ValUues ...........odidi s
6.2.3  Determination by calculation
6.3 Contact factors, Zg and Zp, $Or £, S 2.ttt
6.4  Contact factors, Zg and.ZgfOr €5 > 2 ..ttt
7 Elasticity factor, Z
Contact ratio FACLOX, ZL oo
8.1 1072 1) = | 0
8.2  Determinafion of contact ratio factor, Z,
8.2.1  \GFAPhiICal VAIUES .....oooccrii e
8.2.2.““Determination by calculation ...
8.3 Caloulation of transverse contact ratio, £, and overlap ratio, &g
8.3.1 Transverse contact ratio, € ...
8.3.2  OVETlaP TALIO, £
9 Helix angle factor, Z, S —
10 Strength for contact stress
200 R 1<) V=) =Y
10.2  Allowable stress numbers (contact), oy y;,,: Method B...
10.3  Allowable stress number values: Method By ..o
11 Life factor, Zyp (fOr fanKS) ...t 22
0 0 O 7Y 4 =Y = 00000000 22
11.2  Life facton, Zyp: MethOd A ...t 22
11.3  Life factor, Zyp: MEthOd Bttt 22
12 Influence of lubricant film, factors Z;, Z, and Zy ..., 24
B/ R CT<Y <) =1
12.2 Influence of lubricant film: Method A
12.3  Influence of lubricant film, factors Z;, Z, and Zp: Method B.........comiricicicicsc 24
0 700 S =Y 1<) o= S 24

© 1S0 2019 - All rights reserved iii


https://standardsiso.com/api/?name=3ce36c7db3cc4b17a5b6243681e182cf

ISO 6336-2:2019(E)

12.3.2 Factors Z;, Z, and Zj, for reference stress...

12.3.3 Factors Z, Z, and Zp for StatiC STreSS ...ttt
13 WorKk hardening faCtor, Zyy ...ttt 30
13.1 General
13.2  Work hardening factor, Zy: Method Attt 30
13.3  Work hardening factor, Zy,: Method B...........iicscsccccssesresenor 31
13.3.1 Surface-hardened steel pinion with through-hardened steel gear ... 31

14 Size factor, Z,

Bibliograp

13.3.2 Through-hardened steel pinion with through-hardened steel gear .............cccc...... 33
13.3.3 Surface-hardened steel pinion with ductile iron gear...........en 34

© ISO 2019 - All rights reserved


https://standardsiso.com/api/?name=3ce36c7db3cc4b17a5b6243681e182cf

ISO 6336-

Foreword

2:2019(E)

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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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).

— International Standards contain calculation methods that are based on widely accepted practices
and have been validated.

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

— Technigq

The proced

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 felated tg the

tribological
include exa
numbers to

Requesting
the use of
If Technica

commercial

reflect knowledge gained in the future.

agreement.

behavior of the lubricated flank surface contact. Parts 30 to 39 of the (S0 6336 s
nple calculations. The ISO 6336 series allows the addition of new partsunder approp

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

bries
riate

calculation according to the ISO 6336 series without referring to_specific parts requires
bnly those parts that are designated as International Standards (see Table 1 for list]
Specifications (TS) are requested as part of the load capacity calculation they nee
be specified. Use of a Technical Specification as acceptance criteria-foy a specific design is subje

ing).
d to
ct to

(replaces: ISO/TR 15144-1)

. . . International Tech_n ical ical
Calculation| of load capacity of spur and helical gears Standard Sp(:g(l)gca- Irt
Part 1: Basid principles, introduction and general influence factors X
Part 2: Calcylation of surface durability (pitting) X
Part 3: Calcylation of tooth bending strength X
Part 4: Calcylation of tooth flank fracture lead-capacity X
Part 5: Strength and quality of materials X
Part 6: Calcylation of service life under variable load X
Part 20: Calqulation of scuffing lodd’capacity (also applicable to bevel
and hypoid dears) — Flash teniperature method X
(replaces: ISP/TR 13989-1)

Part 21: Calqulation of souffing load capacity (also applicable to bevel

and hypoid dears) —=Integral temperature method X
(replaces: ISP/TR.13989-2)

Part 22: Caldwlation nfmirrnpif-f-ing load capacity <

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

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

Hertzian pressure, which serves as a basis for the calculation of the contact stress, is the basic principle
used in this document for the assessment of the surface durability of cylindrical gears. It is a significant
indicator of the stress generated during tooth flank engagement. However, it is not the sole cause
of pitting, and nor are the corresponding subsurface shear stresses. There are other contributory
influences, for example, coefficient of friction, direction and magnitude of sliding and the influence of
lubricant on the distribution of pressure. Development has not yet advanced to the stage of directly

Vi
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including these in calculations of load-bearing capacity; however, allowance is made for them to some
degree in the derating factors and the choice of material property values.

Despite the shortcomings, Hertzian pressure is useful as a working hypothesis. This is attributable
to the fact that, for a given material, limiting values of Hertzian pressure are preferably derived
from fatigue tests on gear specimens; thus, additional relevant influences are included in the values.
Therefore, if the reference datum is located in the application range, Hertzian pressure is acceptable
as a design basis for extrapolating from experimental data to values for gears of different dimensions.

Several methods have been approved for the calculation of the permissible contact stress and the
determination of a number of factors (see ISO 6336-1).
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Calculation of load capacity of spur and helical gears —

Part 2:
Calculation of surface durability (pitting)

IMPORTANT — The user of this document is cautioned that when the method specified is used
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arge helix angles (> 30°) and large normal pressure angles (&, > 25°), the
Its should be confirmed by experience as by Method A. In addition, it is import
the best correlation has been obtained for helical gears when high accuracy an
ifications are employed.

Scope
city of cylindrical gears with involute external or internal teeth. It includes form|

se-lubricated transmissions, as long as sufficient lubricant iS present in the mesh at all

civen formulae are valid for cylindrical gears with teoth profiles in accordance with th

References [5], [Z], [10], [12]).

e formulae cannot be directly applied for the assessment of types of gear tooth surf]
load capacity determined by way of the permissible contact stress is called the “g
city” or “surface durability”.

s scope does not apply, referto ISO 6336-1:2019, Clause 4.

Normative references

titutes requirements of this document. For dated references, only the edition cited

53:1998, Cylindrical gears for general and heavy engineering — Standard basic rack tooth

Iocala oy of oo &y

[SO H
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V&)

document specifies the fundamental formulae for use in the defermination of the §

ences on surface durability for which quantitative assessments can be made. It applig
|-lubricated transmissions, but can also be used to obtain-approximate values for (slo

dardized in ISO 53. They can also be used for teethidconjugate to other basic racks wher
Sverse contact ratio is less than €,, = 2,5. The results are in good agreement with oth

as plastic yielding, scratching, scuffing-and so on, other than that described in Clause 4.

calculated
ant to note
 optimum

urface load
ulae for all
s primarily
w-running)
[imes.

ke basic rack
e the actual
er methods

hce damage

urface load

following documents are referred to in the text in such a way that some or all of their content

hpplies. For

ited refefences, the latest edition of the referenced document (including any amendments) applies.

profile

otuourdr y- U gcur tCTriits

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

1SO 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
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[SO 4288:1996, Geometrical Product Specifications (GPS) — Surface texture: Profile method — Rules and
procedures for the assessment of surface texture

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 Ternj

For the pu

ISO 6336-1
[SO and I[EC

IECEle

)s and definitions

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

maintain terminological databases for use in standardization at following addresses:

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

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

3.2 Symbols and abbreviated terms

For the pul
ISO 6336-1

hnd Table 2 apply.

Table 2 — Abbreviated terms and symibols used in this document

'poses of this document, the symbols and abbreviated terms given in 1SO 1122-1:1

and

998,

Abbreviated terms

positive sign||

Term Description
A, B, C, ,)oints on path of contact (pinion rogt te'pinion tip, regardless of whether pinion or wheel drives, pnly
D, E or geometrical considerations)
AA grithmetic average roughness{alternative name for Ra)
CLA enter line average roughiess (alternative name for Ra)
Eh material designation fdr ¢ase-hardened wrought steel
GG *naterial designatienfer grey castiron
GGG *naterial designation for nodular cast iron (perlitic, bainitic, ferritic structure)
GTS fnaterial designation for black malleable cast iron (perlitic structure)
HB Brinell hardness
2 For external gears q, d, d,, z; and z, are positive; for internal gearing, a, d, da and z, have a negative sign, z; hhas a

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

Abbreviated terms

Term Description

IF material designation for flame or induction hardened wrought special steel

M module
ME
ML symbols identifying quality classes for material and heat-treatment requirements, ISO 6336-5

shall apply

MQ

T Tatertat desigmation for mitrided wrought steet; itridimg steet

NV material designation for through-hardened wrought steel, nitrided, nitrocarburized

St material designation for normalized base steel (o5 < 800 N/mm?)
\ material designation for through-hardened wrought special steel, alloy or carbon (o5 = §00 N/mm?2)
V1 kinematic viscosity index
Symbols
Symbol Description Unit
b face width mm
b face width of one helix on a double helical gear mm
b, virtual face width mm
constant, coefficient —
¢ relief of tooth flank pm
Cy1) zr 7v |factors for determining lubricant film factors —
d diameter (without subscript, reference diaineter 2) mm
1, base diameter mm
4N active tip diameter mm
1N active root diameter mm
E modulus of elasticity N/mm?
I (nominal) transverse tahgential load at reference cylinder per mesh N
f deviation, tooth deformation um

foca auxiliary factor, —

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

Symbols
Symbol Description Unit
h tooth depth (without subscript, root circle to tip circle) mm
hep dedendum of basic rack of cylindrical gears (ISO 53:1998 shall apply) mm
K constant, factors concerning tooth load —
Ky application factor —
Ko transverse load factor (contact stress) —

£ 1 1c ra RN
KHB 1dLU 104U T4dCLOT (COILACU SUIESS) -

41ynamic factor —

K eshload factor (takes into account the uneven distribution of the load between meshes .
Y or multiple transmission paths)

M inoment of a force Nm

my, +ormal module mm

N, pumber of load cycles —

Pbt fransverse base pitch mm
Ra grithmetic mean roughness value, Ra = 1/6 Rz pum
Rz mean peak-to-valley roughness (ISO 4287:1997 including ISO 4287:1997/Cor 1:1998, um
SO 4287:1997/Cor 2:2005, ISO 4287:1997/Amd 1:2009 and 1S0'4288:1996 shall apply)
Rzy ¢quivalent roughness pum
r radius (without subscript, reference radius) mm
Su gafety factor for pitting —
Simin |Minimum required safety factor for pitting —
Sh1 gafety factor for pitting of pinion —
Stz gafety factor for pitting of wheel —
u bear ratio (z,/z;) = 12 —
1% ircumferential velocity (without subscript at the reference circle) m/s
Vi ircumferential velocity at the'pitch line m/s
X profile shift coefficient —
Z factor related to contadt stress —

a  For extefnal gears a, d, d,, zy and z, are positive; for internal gearing, a, d, da and z, have a negative sign, z; hhas a
positive sign]All calculated diameéters have a negative sign for internal gearing.
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Table 2 (continued)

Symbols
Symbol Description Unit
Zy single pair tooth contact factors for the pinion —
Zy single pair tooth contact factors for the wheel —
Z elasticity factor (N/mm?)0.5
Zy zone factor —
Zy, lubricant factor —
N th deLUl fUI COIIUACU SUIESS N —
Ayt |life factor for contact stress for reference test conditions A'\\{) —
/r roughness factor affecting surface durability -ﬂ>‘) —
- velocity factor (circumferential velocity at the pitch line) r;.(' v —
W work hardening factor ()‘OJ‘U —
V' size factor (pitting) ACOJ —
1 helix angle factor (pitting) O\U —
. contact ratio factor (pitting) ’S\\\J —
z number of teeth 2 & —
112 number of teeth of pinion (or wheel)? OQ‘ —
a pressure angle (without subscript, at reference cyli&e}) °
N normal pressure angle n\\) °
o, transverse pressure angle ®U °
ot working transverse pressure angle at thg@ch cylinder °
B helix angle (without subscript, at refet:@‘ga cylinder) °
N base helix angle ) \O °
€ contact ratio, overlap ratio, re\lg@% eccentricity (see Clause 7) —
o transverse contact ratio C)\‘ —
o virtual contact ratio, transverse contact ratio of a virtual spur gear —
€5 overlap ratio ,.O\‘ —
€, total contact raﬁq,&i =g, + &g —
a  For external gears q, ,z1 and z, are positive; for internal gearing, a, d, da and z, have a negative pign, z; has a
positive sign. All calculaﬁrlneters have a negative sign for internal gearing.
Q..
?\
QO
e
S
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Table 2 (continued)

Symbols
Symbol Description Unit
v Poisson's ratio —
v kinematic viscosity of the oil mm?/s

Vs kinematic viscosity parameter —

V40 nominal kinematic viscosity at 40 °C mm?/s

V5o nominal kinematic viscosity at 50 °C mm?2/s

13 ottangte °

Eow roll angle from working pitch point to tip diameter \

Erw roll angle from root form diameter to working pitch point °
éNaw1,2  |7oll angle from the working pitch point to the active tip diameter of pinion (or wheel) rad
énfwiz  |Joll angle from the active root diameter to the working pitch point rad

p radius of curvature mm

Prp root fillet radius of the basic rack for cylindrical gears (ISO 53:1998 shallapply) mm

Pred  |Tadius of relative curvature mm

o normal stress N/mm}?

oy ontact stress N/mmf2
OH lim llowable stress number (contact) N/mm}?

Oy |pitting stress limit N/mm}?

Op i)ermissible contact stress N/mmf2
OHP ref i)ermissible contact stress (reference strength) N/mmf2
OYp stat i)ermissible contact stress (static strength) N/mmf2

Ono pominal contact stress N/mmf?

T ghear stress N/mmf2

71, gngular pitch of pinion (or wheel) rad

a  For extefnal gears a, d, d,, z; and z, are positive; for internal gearing, a, d, da and z, have a negative sign, z; hhas a
positive sign|All calculated diameters have anegative sign for internal gearing.

4 Pitting damage and safety factors

If limits of fhe surface dufability of the meshing flanks are exceeded, particles will break out of the
flanks, leaving pits.

The extent §o which:such pits can be tolerated (in size and number) varies within wide limits, depending
largely on the field of application. In some fields, extensive pitting can be accepted; in other fieldd any
appreciablg pitting is to be avoided.

The following assessments, relevant to average working conditions, will help in distinguishing between
initial pitting and destructive pitting.

Linear or progressive increase of the total area of pits is unacceptable (this is typical for surface-
hardened gears); however, the effective tooth bearing area can be enlarged by initial pitting, and the
rate of generation of pits could subsequently reduce (degressive pitting) or cease (arrested pitting).
Such pitting is considered tolerable. In the event of dispute, the following rule is determinant.

Pitting involving the formation of pits that increase linearly or progressively with time under
unchanged service conditions (linear or progressive pitting) is not acceptable. Damage assessment
shall include the entire active area of all the tooth flanks. The number and size of newly developed pits
in unhardened gear tooth flanks shall be taken into consideration. It is a frequent occurrence that pits
are formed on just one or only a few of the surface hardened gear tooth flanks. In such circumstances,

6 © IS0 2019 - All rights reserved
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assessment shall be centred on the flanks actually pitted. Teeth suspected of being especially at risk
should be marked for critical examination if a quantitative evaluation is required.

In special cases, a first rough assessment can be based on considerations of the entire quantity of wear
debris. In critical cases, the condition of the flanks should be examined at least three times. The first
examination should, however, only take place after at least 10° cycles of load. Further examination
should take place after a period of service depending on the results of the previous examination.

If the deterioration by pitting is such that it puts human life in danger, or there is a risk that it could lead
to some grave consequences, then pitting is not tolerable. Due to stress concentration effects, a pit of a
d1ameter of 1 mm near the flllet of a through hardened or case- hardened tooth of a gear can become the
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ilar considerations are true for turbine gears. In general, during the long life {100 to
h is demanded of these gears, neither pitting nor unduly severe wear is tolerable. Siich damage

1 lead to unacceptable vibrations and excessive dynamic loads. Appropridtely gene
prs should be included in the calculation, i.e. only a low probability of fajlure can be tole

ntrast, pitting over 100 % of the working flanks can be toleratedfor' some slow-spee
s with large teeth (e.g. module 25) made from low hardness steel\where they will saffg
ated power for 10 to 20 years. Individual pits may be up to 20 mim in diameter and 8 m
rently “destructive” pitting which occurs during the firsg-two or three years of servi
s down. The tooth flanks become smoothed and work{hardened to the extent of ing
hce Brinell hardness number by 50 % or more.

such conditions, relatively low safety factors (in_§ome cases less than one) may be ¢
Frespondingly higher probability of tooth surface damage. A high factor of safety ag

breI;age is necessary.

ents on the choice of safety factor Sy can'be found in ISO 6336-1:2019, 4.1.11. It is req
the manufacturer and the customer agrée on the values of the minimum safety factor.

Basic formulae

General

ralculation of surfacedurability is based on the contact stress at the pitch point. For spu
the contact stressat the pitch point doesn't need to be the determinant contact stres
act stress of the Televant contact point, oy, is calculated or estimated from the conta
itch point, 0y and the permissible contact stress, oyp, shall be calculated separately fo
n. oy shallbe less than oyp. This comparison will be expressed in safety factors, Sy an

calcylation of oy, as follows.

a)

b)

ynsidered as

1011 cycles)

rous safety
rated.

d industrial
ly transmit
n deep. The
e normally
reasing the

hosen, with
ainst tooth

ommended

Fand helical
5. Hence the
ct stress of
 wheel and
L Sy, which

be higher than the agreed minimum safety factor, Sy ,;,- Four categories are recognized in the

B gaarc azit 1

L ntact ol
Jl.lul 6\1“1;) vViILIT CUIILdUC U luLlU (..a - L.

— Spur pinion: for a pinion, the relevant oy is usually at the inner point of single pair to
In special cases, oy at the pitch point is greater and thus determinant.

oth contact.

Spur wheel: in the case of external teeth, the relevant oy, is usually at the pitch point. In special

cases, particularly in the case of small transmission ratios (see 5.2), oy is greater at the inner
point of single pair tooth contact of the wheel and is thus determinant. For internal teeth, oy is

always calculated at the pitch point.

Helical gears with contact ratio €, = 1 and overlap ratio &5 21:

oy is calculated at the pitch point for pinion and wheel. In case of non-optimum flank modifications
the maximum contact stresses do not appear at the pitch point. Thus the higher contact stresses of

these contact points are determinant.

© IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=3ce36c7db3cc4b17a5b6243681e182cf

ISO 6336-2:2019(E)

¢) Helical gears with contact ratio ¢, 2 1 and overlap ratio 5 < 1:

In this case oy is determined by linear interpolation between the two limit values, i.e. oy for spur
gears and oy for helical gears with &5 = 1 in which the determination of oy for each is to be based on
the numbers of teeth on the actual gears.

d) Helical gears with e, <1and withe, > 1:

This case is not covered by this document. For this case a careful analysis of the contact stress
along the path of contact is necessary.

5.2 Safetyfactor for surface durability (against pitting), 5,

Calculate Sy separately for pinion and wheel:

o
_ OHe1
Shy __(r_>SH min (1
H1
o
_ 9HG2
Shz __O._>SH min (2)
H2

Take oy , in accordance with Formula (4) for the pinion and in accorflance with Formula (5) for the
wheel (see p.3). Calculate oy for long life and static stress limits insac¢ordance with Formula (6) and
5.4.3 a) and|b). For limited life, calculate oy in accordance with Forxmula (6) and 5.4.4.

NOTE This is the calculated safety factor with regard to the tontact stress (Hertzian pressure)| The
corresponding factor relative to torque capacity is equal to the sguare of S,.

For more ipformation on the minimum safety factorrand probability of failure, see Clause 4|and
ISO 6336-1:2019, 4.1.11.

5.3 Contact stress, oy

Fo u+1
t
O'HO_ZH.ZE.Z Zﬂ T_ (3)

Oy1 =24 Ono ‘\/KA K, K, (Kyig Kyg (4)
Onz =2 "Ouo '\/KA KK, Kypg Kyg (5)
where

oo  Ischénominal contact stress at the pitch point, which is the stress induced in flawless (¢r-

or Frnn) goqrinn‘ hyu opn]ir‘afir\n ofstatic naminal fnrqna-
=13 < <+ Hea O H-o-Sta e e —egdes

TSy

Zy is the contact factor of the pinion (see 6.3 and 6.4). This converts the contact stress at the
pitch point to the determinant contact stress on the pinion;

Zp is the contact factor of the wheel (see 6.3). This converts the contact stress at the pitch
point to the determinant contact stress on the wheel;

Ky is the application factor (see ISO 6336-1), which takes into account the load increment due
to externally influenced variations of input or output torque;

K, is the mesh load factor (see SO 6336-1), which takes into account the uneven distribution of
the total tangential load between meshes for multiple paths;
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K, is the dynamic factor (see ISO 6336-1), which takes into account load increments due to
internal dynamic effects;

Kyp  is the face load factor for the contact stress (see ISO 6336-1), which takes into account une-
ven distribution of load over the facewidth, due to mesh misalignment caused by inaccura-
cies in manufacture, elastic deformations, etc.;

Ky, isthe transverse load factor for the contact stress (see ISO 6336-1), which takes into
account uneven load distribution in the transverse direction resulting, for example, from
pitch deviation;

NOTE—See1S06336-172019,4-1-18, for the sequence imwitich factors K, K, Kpg|Knq are
calculated.

byp 1S the permissible contact stress (see 5.4);

78 is the zone factor (see Clause 6), which takes into account the flank@urvatures af the pitch
point and transforms tangential load at the reference cylinder to-normal load at the pitch
cylinder;

V1 is the elasticity factor (see Clause 7), which takes into aceouiit specific propertiefs of the
material, moduli of elasticity E;, E, and Poisson's ratios %y, v,;

V.. is the contact ratio factor (see Clause 8), which takes.into account the influence of the effec-
tive length of the lines of contact;

3 is the helix angle factor (see Clause 9), whiclrtakes into account influences of the helix
angle, such as the variation of the load aleng the lines of contact;

', is the nominal tangential load, the ttafisverse load tangential to the reference cylinder
(see related requirement below);

h is the facewidth (for a double-helix gear b = 2 bg) (see related requirement below));

1, is the reference diameter of pinion;

f is the gear ratio = 4, /z;. For external gears u is positive, and for internal gears u |s negative.

The [total tangential load“per mesh shall be introduced for F, in every case (even with ¢, > 2).
See [ISO 6336-1:2019,.4:2, for the definition of F, and comments on particular charadteristics of
double-helical gearing) The value b of mating gears is the smaller of the facewidths at the|root circles
of pjnion and wheel ignoring any intentional transverse chamfers or tooth-end rounding. Neither
unhjrdened portions of surface-hardened gear tooth flanks nor the transition zones shall be included.
5.4 | Permissible contact stress, oy;p

5.4.1—Gemerat

The limit values of contact stresses (see Clause 10) should preferably be derived from material tests
using meshing gears as test pieces (see Introduction). The more closely the test gears and test conditions

resemble the service gears and service conditions, the more relevant to the calculations
values will be.

© IS0 2019 - All rights reserved
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5.4.2 Determination of permissible contact stress, o, — Principles, assumptions and
application

5.4.2.1 General

Several procedures for the determination of permissible contact stresses are acceptable. The method
adopted shall be validated by carrying out careful comparative studies of well-documented service

histories of a number of gears.

5.4.2.2 Method A

In Method A the permissible contact stress, oyp, (or the pitting stress limit, oy) for reference(Stress,
long and lirpited life and static stresses is calculated using Formula (4) or (5) from the S-N-curye or

damage cuijve derived from tests of actual gear pair duplicates under appropriate service conditions.

The cost reguired for this method is in general only justifiable for the development.of new prod
failure of which would have serious consequences (e.g. for manned space flight).

Similarly, the permissible stress values may be derived from the considération of dimens

lcts,

ons,

service confitions and the performance of carefully monitored reference gears. The more closely the
dimensions|and service conditions of the actual gears resemble those of the'reference gears, the more

effective the application of such values will be for purposes of design ratings or calculation checks.

the results pf gear loading tests with standard reference-test gears.

These test gear values are converted to suit the diménsions and service conditions of the actual
pair using the (relative) influence factors for lubricant, Z;, circumferential velocity at the pitch lin
flank surfag¢e roughness, Zy, work hardening, Zg,and size, Zy.

Method B is recommended for reasonably-accurate calculation whenever pitting resistance vglues

are available from gear tests, from special tests or, if the material is similar, from ISO 6336-5
Introductiohp).

Material characteristic values’are determined by rolling pairs of disks in loaded contact. The magnifude
and directign of the sliding'speed in these tests should be adjusted to represent the in-service slidg and

roll conditigns of thetooth flanks in the areas at risk from pitting.

Method By may betused when stress values derived from gear tests are not available. The meth

bd is

particularly suitable for the determination of the surface durability of various materials relative tq one

another.

5.4.3 Permissible contact stress, oyp: Method B
The permissible contact stress is calculated from

_ OHlim £

NT o
Oyp = HG
S

ZyZ, Ty Ly Ty =

H min H min
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(6)

erved


https://standardsiso.com/api/?name=3ce36c7db3cc4b17a5b6243681e182cf

ISO 6336-

2:2019(E)

where
OH lim is the allowable stress number (contact) (see Clause 10 and ISO 6336-5), which
accounts for the influence of material, heat treatment and surface roughness of the
standard reference test gears;
Iyt is the life factor for test gears for the contact stress (see Clause 11), which accounts for
the higher load capacity for a limited number of load cycles;
DHG 1S The pitting STreSS TMit (= Oyp * Sq min)s
D min is the minimum required safety factor for surface durability;
1, Zp, Z,  are factors that, together, cover the influence of the oil film on the,teoth contact stress;
A is the lubricant factor (see Clause 12), which accounts for the Influence of the lubricant
viscosity;
r is the roughness factor (see Clause 12), which accountsfor the influence of surface
roughness;
K, is the velocity factor (see Clause 12), which acceunts for the influence of circumferen-
tial velocity at the pitch line;
Lw is the work hardening factor (see Clause 13), which accounts for the effect ¢f meshing
with a surface hardened or similarly hard mating gear;
Iy is the size factor for the contactstress (see Clause 14), which accounts for the influ-
ence of the tooth dimensions for the permissible contact stress.
a) Permissible contact stress (reference), oyp s is derived from Formula (6), with Zyt(= 1 and the
nfluence factors oy i, 21, Zy» ZrsZiws Zx, and Sy i, calculated using Method B.
b) Permissible contact stress'(static), oyp ., is determined in accordance with Formila (6), with
hll influence factors (for static stress) following Method B.
5.4.4 Permissible contact stress for limited and long life: Method B
5.4.4.1 General
In Method B;\ provision is made for the determination of oyp by graphical or computed linear
interpolatienyon a log-log scale between the value obtained for reference in accordance with 5.4.3 a)
and fhe value obtained for static stress in accordance with 5.4.3 b). Values appropriate to the relevant
numper, of load cycles, N;, are indicated by the S-N curve. See Clause 11.

5.4.4.2 Graphical values

Calculate oyp for reference stress and static stress in accordance with 5.4.3 and plot the S-N curve
corresponding to the life factor Zy. See Figure 1 for principle. oyp for the relevant number of load
cycles, N;, may be read from this graph.

© IS0 2019 - All rights reserved
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| oL LT
L[4
| e
|
X
Key
X numberfofload cycles, N (log) 1 static
Y permissjble contact stress, oyp (log) 2~ limited life
3 longlife
2 Examplg: permissible contact stress, oyp for a given number of load cycles.
Figure 1 — Graphic determination of the permissible contact stress for a limited life —
Method B
5.4.4.3 Dgetermination by calculation

Calculate o
results, det
the range a

a) St V,G

p rof fOr reference and oyp ¢, for static strength in accordance with 5.4.3 and, using t
ermine oypiiraccordance with Method B for limited life and the number of load cycles, |

hese
V,, in

For

12

b follows?
LG (perl., bain.), GTS(perl.), Eh, IF, if limited pitting according to Clause 4 is permissible:
4] 1. I I Y o Ve 405 AL anZ . 1 R T
LIIT ITIIIICCU TIIC SUI T3S ldllgC, U A 1U IVL = 1U" 1II dCLUTUAIILCT WILIT 1 lé uic u.
exp
B 7 - 3x108
OHP = OHPref 4N ~OHPref |
L

where

o}
exp:0,3705-logw

OYP ref

For the limited life stress range, 107 < N| < 10? in accordance with Figure 6:

© ISO 2019 - All rights res
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9 \exp
B _ 10
Oup =Oupref 4N =OHPpref N
L

where

O
exp=0,2791 log 0 st

GHP ref

b) St,V, GGG(perl., bain.), GTS(perl.), Eh, IF, when no pitting according to Clause 4 is permissible:

— For the limited life stress range, 10> < N; < 5 x 107 in accordance with Figure 6:

exp
B 7 - 5x107
Onp =OHpref 4N ~OHPref N

L

where exp is as in Formula (8).

c) [6G, GGG(ferr.), NT(nitr.), NV(nitr.)

— For the limited life stress range, 105 < N <2x 106 in accordance with Figure 6:
2x106 JeXp

Oup =Onpref "ZN = OHp ref { N
L

where

o
exp=0,7686- logﬂ
GHP ref

d) NV(nitrocar)
— For the limited life stress range, 10° < N <2x 106 in accordance with Figure 6:

2x106 )P
NL

Oup =Oupref "ZN 7 OHP ref (
where

o
exp=0,7686 log— 2

o-HP ref

Cornesponding calculations may be determined for the range of long life.

6 Zone factor, Z;;, and contact factors, Z; and Z,

6.1 General

These factors account for the influence of the tooth flank curvature on the contact stress.

© IS0 2019 - All rights reserved
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6.2 Zone factor, Z

6.2.1 General
The zone factor, Zy;, accounts for the influence on Hertzian pressure of the tooth flank curvature at

the pitch point and transforms the tangential load at the reference cylinder to normal load at the pitch
cylinder.

6.2.2 Graphical values

Zy; can be takenfrem-Figure 2-as-afunctionof (y—+x)/{z+2)and Sforexternal-andinternal gears
having normal pressure angles a,, = 20°, 22,5° or 25°.
Y
3 \ T
1Y AN
2,9 o2, 7 S
28 S %
’ 09 \ \ = — e\ //@ @,
2,7 AN < —:‘0:01 N 7 0 —
] X\A 5 Xe 02 9]/(_
26 E— > _| |\\\v’\ L
’ 0.04s, N\ 00; | N ) RN N
2,5 0 l h N : ! \\\ - ?015\ .
HBEESUNN BZANRN TN
2.3 = 0gf AN \ o \\\\E\\ — 0005 NN
9 [] < 005 0 \
=t SSNNNN =Y ENNNNY ESSNNN
2,1 — %,06 5::\\&\\&\\\\ T 85855‘ \\\\\‘\ :8:8%5\S§ \\~\\\
2 —1 g(())zi - \\ \Qk\\ — 818?; E\\\i\i\\\\ :§§2QEQ\§\\
1,9 ;.§:§2 :\\\\\\:\\\\ ;:8,‘85 ::\\\\\\\\Q :§:30£5;\t\\ \\\\\
18 E-S:QQE:\\\ N EEB:B% ét§§§§\ ;8'85:\\\\\
1;7 & R R N\ —t 819I _:$§§\\ =SSN
1,6 | a,120° NN - fa, =225 RSN - {a,=25° \§§
15 I [ )] L
0°  10° 20° 30° 40° X 0°4 10° 20° 30° 40° X 0° 10° 20° 30° 40°| X
Key
X helix angle at reference circle, 52)
Y zone factor, Zy
Figure 2 — Zone factor, Z
6.2.3 Determination by calculation
The zone factor is calculated by:

2cos 3, -coso
Zy = Py €050 (16)
coszat sinay,

6.3 Contact factors, Z; and Zp, for e, < 2

For spur gear the contact factors, Zz and Z},, are used to transform the contact stress at the pitch point
to the contact stress at the inner point B of the single pair tooth contact of the pinion or at the inner
point D of the single pair tooth contact of the wheel if Z; > 1 or Z, > 1. See Figure 3 and 5.1.

For helical gears the contact factors, Zg and Zp, convert the contact stress at the pitch point to the
contact stress of the relevant contact point if the pitch point is not determinant.
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Key

Fig
a

In gg
in w|

For Internal gears, Z, shall be taken as equal to 1,0.

The

a) External gearing b) Internal gearing
binion
wheel
re 3 — Radii of curvature at pitch'point C and single pair tooth contact point B of|

d D of the wheel for the determination of the pinion contact factor, Zg, in accorda
ormula (17) and of the wheel contact factor, Z},, in accordance with Formula (18) (
external spur gears)

hich case Z is made equal to 1,0 in Formula (17).

determination by calculation is as follows:

the pinion
nce with
only for

neral, Zj should only,be determined for gears when u <1,5. When u > 1,5, M, is usually lss than 1,0

= [Pet Pz _ tan o,

M,

(17)

N\ Pa1 Prz d2 2
Na1 4 _27 ﬁ_l_(ga_l)z_“
di, “ di, %

© IS0 2019 - All rights reserved
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M. = ch1'Pc2 _ tanar,,,
, = =
Pp1 - Pp2 d2 d2

NTaz_l_Z_“ NTal_l_(ga_l)z_“
dg, % dfy %

(18)

Formula (17) and (18) are not valid, if undercut shortens the path of contact. See 8.3.1 for the calculation

of the transverse contact ratio, &,.

a) Spurgears witheg, > 1:

ifM;<1thenZgy=1, ifM,<1thenZy=1,

if M, >
b) Helical

Zg =17y

with f;

| then Zz = My; if M, >1then Zy=M,.

gears withe, >1and g2 1
=fzca
-, according to Table 3.

Table 3 — Factor f;,

Helic
3Dlo

h] gear sets with suitable profile and longitudinal modifications\based on the| f;c,=1,0
hd distribution program, and with the maximum contact stress hear mid-height

and ¢ssentially uniform stress distribution

Helichl gear sets with suitable flank modifications acc. to manufacturers experience| f;c,=1,07

Helicpl gear sets without flank modifications frca=12
The factor f;., is valid for the matched pinion and wheel. Consequently, the contact stresses a

beginning 4
c) Helical
Zg and
with g5
IfM; <

IfM1 >

IfM, <

s well as at the end of the path of contagtshall be considered.
gears withe, >1and g5 < 1:

/) are determined by linear interpolation between the values for spur and helical ged
>1:

| then Z =1+&5 -( fyei 1)
| then Zg = My 83 - (fyca =My )

| then Z 21 +e5 -(\fyca —1)

IfM2 >

| then Z, =M, +¢£, ( frca =M, )

(19)

the

ring

(20)

(21)

(22)

(23)

If Zz or Z 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.

d) Helical gears with ¢, <1 and with £,> 1: not covered by the ISO 6336 series, a careful analysis of the
decisive contact stress along the path of contact is necessary.

Methods a), b) and c) apply to the calculation of the contact stress when the pitch point lies in the path
of contact. If the pitch point Cis determinant and lies outside the path of contact, then Z; and/or Z}, are
determined for contact at the adjacent tip circle. For helical gearing, when &; is less than 1,0, Z; and
Zy are determined by linear interpolation between the values (determined at the pitch point or at the

adjacent tip

16

circle as appropriate) for spur gears and those helical gears with 5> 1.
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In the case of meshing gear pairs of high precision with 2 < g, < 2,5, the entire tangential load in any
transverse plane is supported by two pairs, or three pairs, of teeth in continued succession. For such gears,
the calculation of the contact stress is based on the inner point of two pair tooth contact of the pinion.

7 Elasticity factor, Z

The elasticity factor, Zg, takes into account the influences of the material properties E (modulus of

elasticity) and v (Poisson's ratio) on the contact stress.

(5= 21 2
1-vf 1-v
- 1,- 2
E, E,
WhenE; =E,=Eandv;=v,=v:
o[
2m-(1-v2)

For steel and aluminium v = 0,3 and therefore:

7. =+/0,175-E

For mating gears in material having different moduli efelasticity, E; and E,, the equivalent
2E | E,
E, +E,

=

may|be used.

For §ome material combinations Z; can be taken from Table 4.

(24)

(25)

(26)
modulus

(27)

© IS0 2019 - All rights reserved
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Table 4 — Elasticity factor, Z;, for some material combinations

Wheel 1 Wheel 2
Modulus of Poisson’s Modulus of Poisson’s
Material elasticity, F ratio, v Material elasticity, F ratio, v Zg
N/mm? ’ N/mm? ’ (N/mm?2)0.5
St,V,Eh, IF, NT, NV 206 000 189,8
St(cast) 202 000 188,9
126 000 165,4
GG to to
118 000 162,(
0,3 St(cast) 202 000 0,3 188,(
St(cast) 202 000 GGG, GTS 173 000 180,5
GG 118 000 161,4
GGG, GTS 173 000 1739
GGG, GTS 173 000
GG 118 000 156,6
126 000 146,(
GG to GG 118000 to
118 000 143,7
8 Contart ratio factor, Z,
8.1 Gendral
The contact ratio factor, Z,, accounts for the influence of the transverse contact and overlap ratiqs on
the surface|load capacity of cylindrical gears.~Calculation of the contact stress is based on a virtual
facewidth, b, instead of the actual facewidth, b:
b, 1
e (28)
b V.l
The averagp length of the line-of contact calculated on a simplified basis is used as the appropriate

value for he
8.2 Dete

8.2.1 Gra

Z, for know

18

lical gearing with€; > 1.
mination‘of contact ratio factor, Z,

phical values

n contact and overlap ratio factors may be read from Figure 4.
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[ransverse contact ratio, &,
Contact ratio factor, Z,

Figure 4 — Contact ratio factor, Z,

. Determination by ¢calculation

Spur gears:

€ 3

[he conservative value of Z, = 1,0 may be chosen for spur gears having a contact ratio l¢

b)

Helical gears:

&
SOZ

4— £
z =\/ 38“(1—eﬁ)+—ﬁ forey <1

© IS0 2019 - All rights reserved

(29)

ss than 2,0.

(30)

(31)

19


https://standardsiso.com/api/?name=3ce36c7db3cc4b17a5b6243681e182cf

ISO 6336-2:2019(E)

8.3 Calculation of transverse contact ratio, ¢, and overlap ratio, ¢,

8.3.1 Transverse contact ratio, ¢,

The calculation is based on the roll angle, & and the angular pitch, 7, both expressed in radians in the
following formulae.

+ +
8(1 — 5wa1 éNawl — §va\72 éNawZ (32)
31 3

where foW ~ are tho rall ang]nc from the active root diamnfnr) r]NIl,L, tothe urnrlzing pifr‘h pninf’ taken
as the least|value of

— limited|by the base diameters:

SNfwl,2 [F AN, (33)

— limited|by the active root diameter:

d
Enfw1 =ltano,, —tanarccos —bl (34)
Nf1l
de
SNfwz =(tane,, —tanarccos—= (35)
Nf2

— limited|by the active tip diameters of the wheel/pinions(start of the active profile):

d z
. b2 2
SNaw1 7| tanarccos—=—tana, - (36)
Na2 1
Ev. 4|t b1 A 37
Naw2 7| tanarccos———tano, . (37)
Nal 2

¢Naw1,2 pre the roll angles from th€working pitch point to the active tip diameter:

| Z) _ Z
ENaw1 T ENfw2 Z_'gNaWZ =&nfnt o (38)
1 2
Ty, is the pinion/wheelangular pitch:
2 2
Z 7>
Formulae (337to (39) do not take into account undercut.
8.3.2 Overlap ratio, &
This is calculated by
b sin
5= B (40)
nm,

For double helical gears, by is to be used instead of b.
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9 Helix angle factor, Zﬁ

Independent of the influence of the helix angle on the length of path of contact, the helix angle factor, Z,,
accounts for the influence of the helix angle on surface load capacity, allowing for such variables as the
distribution of load along the lines of contact.

Zg is dependent only on the helix angle, B. For most purposes, the following empirical relationship is
in sufficiently good agreement with experimental and service experience, but that agreement is only
achieved when high accuracy and optimum tooth flank modifications are employed:

[
e (41)

where [ is the reference helix angle.

Zﬁ cdn also be read from Figure 5.
Y

1,15

1,1 /
/

1,05

/
0 5 10 15 20 25 30 35| X

Key
X helix angle at referénce circle, 5 (°)
Y helix angle factor;, Zﬁ

Figure 5 — Helix angle factor, Z;

10 Strength for contact stress

10.1 General

See 5.4 for general information on the determination of limit values for permissible contact stress.

10.2 Allowable stress numbers (contact), oy ;,,: Method B

Refer to 5.4.2.3 for details relevant to the following. For a demonstration of the use of oy ;,,, see
Formula (6). The value oy y;,,, for a given material is considered as the highest value of the contact stress,
calculated in accordance with this document, which the material will endure for at least 2 x 106 to
5 x 107 load cycles (see Figure 6 for the start).
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ISO 6336-5 provides information on commonly used gear materials, methods of heat treatment and
the influence of gear quality on values for allowable stress numbers, oy ;,,, derived from test results of
standard reference test gears.

Also see ISO 6336-5 for requirements concerning material and heat treatment for qualities ML, MQ and
ME. Material quality MQ is generally selected unless otherwise agreed.

10.3 Allowable stress number values: Method By

See 5.4.2.4 for detailed information. The allowable stress number values may be determined by means
of roller tests or can be taken from the literature.

11 Life factor, Zy (for flanks)

11.1 Gendral

The life factor, Zyr, accounts for the higher contact stress, including static stress, whi¢h may be tolerable
for a limited life (number of load cycles), as compared with the value at the pointof the allowable s{ress
number or |knee” on the curves of Figure 6, where Zy = 1,0. Zyt applies for,staridard reference usg.

The princippl influences are

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

c) lubrication regime,

d) failure griteria,

e) smoothness of operation required,

f) pitchlire velocity,

g) cleanngss of gear material,

h) materigl ductility and fracturettoughness, and
i) residudl stress.

For the purfposes of this decument, the number of load cycles, N;, is defined as the number of mesh
contacts, urjder load, of the'gear tooth being analysed.

11.2 Life factor;Zy7: Method A

The S-N cugve-or damage curve derived from examples of the actual gear pair is determinant for|load
capacity at atimited-service ifeandisthusatsodetermimant forthe matertatsof bothrmatinggears, the
heat treatment, the relevant diameter, module, surface roughness of tooth flanks, pitch line velocity and
the lubricant used. Since the S-N curve or damage curve is directly valid for the conditions mentioned,
the influences represented by the factors Z, Z,, Z;, Zy, and Zy are included in the curve and should
therefore be assigned the value 1,0 in the calculation formula.

11.3 Life factor, Zy;: Method B

The permissible stress at limited service life or the safety factor in the limited life stress range is
determined using life factor, Zy, for the standard reference test gear (see 5.4).

Zy for static and reference stresses may be taken from Figure 6 or Table 5.
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X pumber ofload cycles, N,
Y  life factor, Zyp
1 Bt V, GGG (perl, bai.), GTS (perl.), Eb;TE'when limited pitting according to Clause 4 is permitted
2 Bt V, GGG (perl, bai.), GTS (perl.), Eh, IF, when no pitting according to Clause 4 is permissible
3  [GG, GGG (ferr.), NT (nitr.), NV (nitr.)
4 NV (nitrocar)
Figure 6 — Life factor, Zy, for standard reference test gears
Table 5 — Life factor, Zy
Material Number of load cycles Life factor, £y
N, <6 x 105, static 1,6
St, VIGGG (perl _bai) GTS(perl) Eh IE:
d r 7 T T i T NL = 10/ 1’3
only when limited pitting according N. =109 10
to Clause 4 is permissible L ’
N =1010 0,85 up to 1,02
N, <105, static 1,6
St,V, GGG (perl,, bai.), GTS (perl.), Eh, IF N =5 x 107 1,0
N; =1010 0,85 up to 1,02
N; <105, static 1,3
GG, GGG (ferr), NT (nitr.), NV (nitr) N =2x10°6 1,0
N, =1010 0,85 up to 1,02

3 The lower value of Zyr may be used for critical service. 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.

© IS0 2019 - All rights reserved
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Table 5 (continued)

NV (nitrocar.)

Material Number of load cycles Life factor, Zy
N, <105, static 1,1
N, =2x10°6 1,0

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

a

gearing. With

The lower value of Zy may be used for critical service. Values between 0,85 and 1,0 may be used for general purpose

optimum lubrication, material, manufacturing and experience 1,0 may be used.

T —

12.1 Gengqral

The lubricgnt film between the tooth flanks influences surface durability. The following haye a

significant jnfluence:

a) viscosity of the lubricant in the mesh;

b) sum of the instantaneous velocities of the two tooth surfaces;

c) loading;

d) radius ¢f the relative curvature;

e) relatiogship between the combined values of the surface roughnesses of the tooth flanks and the
minimym thickness of the lubricant film.

According f{
zones of ela

Furthermot
an effect on

NOTE Iy
in other pub

12.2 Influ

By Method
reliable ser
lubricants,

12.3 Influ

ence of lubricant film: Method A

ence.of lubricant film, factors Z;, Z, and Z: Method B

stic sliding/rolling contact), a) to d) above.influence the film dimensions and pressures

e, the nature of the lubricant (mineral oil, synthetic oil), its origin, its age, etc. will also
surface durability.

formation and recommendations concerning the choice of lubricant type and viscosity can be f]
ications (References [4], [6], [8]\and [9]).

A the influencecofithe lubricant film on surface durability is determined on the bag
Vice experience or tests on geared transmissions having comparable dimensions, mate}
ind operating conditions. The provisions of [ISO 6336-1:2019, 4.1.16, are relevant.

12.3.1 General

o EHD (elasto-hydrodynamic theory concerning the characteristics of lubricant filnjs in

have

bund

is of
ials,

The information provided is based on tests using standard reference test gears. The shaded fields in
Figures 7 to 9 show the tendency of the three factors which are included in the calculation procedure
according to Method B:

the lubricant) on the effect of the lubricant film;

on the effect of the lubricant film.
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Z; for the influence of the nominal lubricant viscosity (as a characteristic value of the influence of

Z, for the influence of the circumferential velocity at the pitch line on the effect of the lubricant film;

Zy, for the influence of surface roughness of the flanks after running-in (as a manufacturing process)

erved
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ISO 6336-

The considerable scatter (width of the hatched field) indicates that there are influences
those mentioned above, also involved in the lubricant film, which are not included in the
procedure.

2:2019(E)

other than
calculation

These omissions were taken into consideration when plotting the curves in Figures 7 to 9. Clearly, they

cannot be considered as representing physical laws. They are, of course, empirical.

The influence factors are presented as independent of one another; but in reality, they cannot be
completely separated. For this reason, test results which were obtained by varying a single variable,
while others were held constant, were adjusted to take into account field experiences w
dlfferent sizes and operatmg condltlons Thus some of the recorded values do not correl

the 'nfluences of Vlsc051ty, pltch line veloc1ty and surface roughness. This is reflected in t}
curves drawn in the scatter bands in Figures 7 to 9 inclusive. When a gear pair consists)of d
of hard and one which is of soft material, the factors Z;, Z, and Zj shall be determined for t
the materials. See ISO 6336-5 for oy ;,,, values of common gear materials.

The [nfluence of the lubricant film is only fully effective at the long life stress.lével. The inflj
at higher limited-life stress levels (see Clause 11 and 5.4).

The flubricant factor, Z;, was derived from tests using mineral oil (with and without EP ad
comparison, when testing certain synthetic lubricants in combination with case hardeneg
valups of Z; up to 1,1 times higher and with through-hardened-test gears up to 1,4 times }
obsdrved.

Thege values should be verified in each individual case (where possible, curves similar to tho
for rineral oils should be prepared for synthetic oils),

12.3.2 Factors Z;, Z, and Z;, for reference stress
12.3.2.1 Lubricant factor, Z;

12.3.2.1.1 General

The ffactor Z; for mineral oils (with or without extreme pressure, EP, additives) can be def
a fupction of nominal kinematic viscosity at 40 °C (or 50 °C) and the value oy ;,,, of the §
materials of the mating gear-pair, by following the directions in 12.3.2.1.3 a) and b). The v4
apply for the kinematicviscosity index VI = 95 and kinematic viscosities from 10 cSt to 500
(conkider footnote 2 in'Eigure 7 and Table 6); for higher kinematic viscosities, use the value
500 St at 40 °C or300 cSt at 50 °C to determine the value of Z;..

12.3.2.1.2 Graphical values

Z;, can be vead from Figure 7 as a function of the nominal kinematic viscosity of the lubric
(or 302€) and the oy}, value.

ith gears of
ate directly
led gears to
e empirical
ne which is
he softer of

lence is low

ditives). By
test gears,
higher were

se provided

ermined as
ofter of the
llues for v,
cStat 40 °C
obtained at

ant at 40 °C
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lubricanit factor, Z;,

These v4
should 4

12.3.2.1.3

e confirmed by experience.

Determination by calculation

lues have not been validated by test results. If theses values are used for calculation, the results

Figure 7 — Lubricant factor, Z;

a) Z; can be calculated using Formulae{42) to (46) which are consistent with the curves in Figure¢ 7:

b)

26

4'(1'0_CZL) 4'(1'0_CZL)
2, =Gyt o=y (42)
1,2+ﬂ 1,2+g
Vs0 Vao
In the rpnge 850 N/thm? < oy i, < 1 200 N/mm?
OHlim
C,, =——=+0,6357 43
2L 4375 (43)
In the range oy j;,, < 850 N/mm?
C, =0,83 (44)
In the range oy}, > 1 200 N/mm?
€, =0,91 (45)
Alternatively, Z; can be calculated from Formula (46):
Z),=Cy +4-(1,0-Cqp )vg (46)
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where vg=1/ (1,2 + 80/vs,)? using viscosity parameters from

Table 6 — Viscosity parameters

Table 6.

IS0 6336-2:2019(E)

ISO viscosity class | VG 102 | VG 152 VG VG VG VG |[VG100|VG150|VG220|VG 320
(grade) 22 32 46 68
Nominal v40 10 15 22 32 46 68 100 150 220 320
viscosity 50 7,5 10,6 15 21 30 43 61 89 125 | 180
mm?2/s
Viscosity Ve 0,0068 | 0,0131 | 0,023 | 0,040 | 0,067 | 0,107 | 0,158 | 0,227 | 0,295 | 0,370
pardmeter |
a [hese values have not been validated by test results. If these values are used for calculation, the resdlts should be
conflrmed by experience.
12.3.2.2 Velocity factor, Z,
12.3.2.2.1 General
The [velocity factor, Z,, can, as a function of circumferential velocitycat\the pitch line and tHe allowable
stregs number, oy };,,, Of the softer of the materials of the mating gedppair, be determined injaccordance
with 12.3.2.2.2 or 12.3.2.2.3.
12.3.2.2.2 Graphical values
Z, can be taken from Figure 8 as a function of the.ci¥éumferential velocity at the pitch line and the
oy 1 value.
12.3.2.2.3 Determination by calculation
Z, cdn be calculated using Formulae (47 )'and (48). They reproduce the curves in Figure 8.
2- ( 1,0-C )
— ’ Zv
v, =Cq, +—32 (47)
0,84+—
VW
whefe
L, =Cyp +0,02 (48)
[see|Formulae<(43) to (45) for values of Cy |.
27
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Figure 8 — Velocity factor, Z,

12.3.2.3 Rpughness factor, Z

12.3.2.3.1 |General

The roughness factor, Zp,\can be determined in accordance with the following, as a function of the
surface corldition (roughness) of the tooth flanks, the dimensions (radius of the relative curvature,
Prea) Y, and the oy ;S value for the softer material of the mating gear pair.

Zy can be rgad.frem curves or calculated as a function of the “mean relative roughness” (relative t¢ the
radius of thp ¥elative curvature at the pitch point p,.4 = 10 mm).

Mean peak-to-valley roughness of the gear pair:

_ Rz1 +RZ2
2

Rz (49)

The peak-to-valley roughness determined for the pinion, Rz, and for the wheel, Rz,, are mean values
for the peak-to-valley roughness Rz measured on several tooth flanks?).

1) preqis defined here as the radius of the relative curvature at the pitch point. This also applies for internal gear
pairs. For pinion-rack contact, p..q = p1.

2)  Ifroughness stated is an Ra value (= CLA value) (= AA value), the following approximation may be used for
conversion: Ra = CLA = AA = Rz/6.
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