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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
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This correctg¢d version.incorporates the following corrections:
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Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

SO oOTTtoy

Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
sk of technical committees is to prepare International Standards. Draft International Stand
the technical committees are circulated to the member bodies for voting. Publication a
Standard requires approval by at least 75 % of the member bodies casting a-vote.

drawn to the possibility that some of the elements of this document¢may be the subject of p
hall not be held responsible for identifying any or all such patent rights.

was prepared by Technical Committee ISO/TC 60, GearsySubcommittee SC 2, Gear cag

edition cancels and replaces the first edition (ISO 6336-2:1996), Clause 13 of which has
revised. It also incorporates the Technical CGortigenda I1SO 6336-2:1996/Cor.1:1998
1996/Cor.2:1999.

nsists of the following parts, under the general title Calculation of load capacity of spur and h

Basic principles, introduction and géneral influence factors
Calculation of surface durability-(pitting)

Calculation of tooth bending strength

Btrength and quality,of materials

Calculation ofservice life under variable load
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ta_Figure 2 has been inverted, so that the descriptions of the axes now correspond correctly
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in Figure 7, the description of the Y axis in the key has been given in English;
Equation (46) has been corrected;

the wording of 12.3.1.3.2 has been changed such that it now refers to roughness.
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Introduction

Hertzian pressure, which serves as a basis for the calculation of contact stress, is the basic principle used in
this part of ISO 6336 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 correspondlng subsurface shear stresses There are other contrlbutory influences, for
on distribution
Iculations of
load bearlng capacity; however, allowance is made for them to some degree in the derating| factors and
choig¢e of material property values.

In spite of 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 derivédffom fatigue tests on gear
spedimens; thus, additional relevant influences are included in the values. Therefore, if the referepce datum is
located in the application range, Hertzian pressure is acceptable as a desigh basis for extragolating from
expgrimental data to values for gears of different dimensions.

Sevgral methods have been approved for the calculation of .thé permissible contact strdgss and the
detefmination of a number of factors (see ISO 6336-1).

© I1SO 2006 — All rights reserved \4
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Iculation of load capacity of spur and helical gears —

Part 2:

Ca

Iculation of surface durability (pitting)

IMPORTANT — The user of this part of ISO 6336 is cautioned that when the method, speci
for large helix angles and large pressure angles, the calculated results should be ca
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plasijic yielding, scratching, scuffing or any other than that described in Clause 4.
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rience as by Method A. In addition, it is important to note that best correlation”has be
elical gears when high accuracy and optimum modifications are employed:

Scope

part of ISO 6336 specifies the fundamental formulae for use ih the determination of the
ce durability for which quantitative assessments can be‘tnade. It applies primarily to
missions, but can also be used to obtain approximate.values for (slow-running) grea
missions, as long as sufficient lubricant is present in the mesh at all times.

given formulee are valid for cylindrical gears with tooth profiles in accordance with the

verse contact ratio is less than ¢, = 2,5. The results are in good agreement with other me
b, as indicated in the scope of ISO 6336-1.

e formulee cannot be directly applied:for the assessment of types of gear tooth surface dam

oad capacity determined by way of the permissible contact stress is called the “surface load
pce durability”.

Normative references

ences, only the edition cited applies. For undated references, the latest edition of the
ments(including any amendments) applies.

following referenced documents are indispensable for the application of this document.

fied is used
nfirmed by
en obtained

surface load

city of cylindrical gears with involute external or internal teeth.)lt includes formulae for all ipfluences on

Dil-lubricated
se-lubricated

basic rack

lardized in 1ISO 53. They may also be used. for teeth conjugate to other basic racks wheie the actual

hods for the

age such as

capacity” or

For dated
referenced

ISO

b3:1998, Cylindrical gears for general and heavy engineering — Standard basic rack tooth pr

pfile

ISO

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

ISO 6336-1:2006, Calculation of load capacity of spur and helical gears — Part 1: Basic principles,
introduction and general influence factors

ISO 6336-5:2003, Calculation of load capacity of spur and helical gears — Part 5: Strength and quality of
material
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3 Terms, definitions, symbols and abbreviated terms

For the purposes of this document, the terms, definitions, symbols and abbreviated terms given in ISO 1122-1
and I1SO 6336-1 apply.

4 Pitting damage and safety factors

If limits of the surface durability of the meshing flanks are exceeded, particles will break out of the flanks,

leaving pits.

The extent
largely on t
appreciable

The followin
pitting and d

Linear or pr
area can b
(degressive
the following

Pitting involy
conditions (I
area of all th
taken into c
surface hard
pitted. Teeth
evaluation is

In special ¢
debris. In ¢
examination
take place a

If the deterigration by pitting is such thatyit puts human life in danger, or there is a risk that it could le

some grave

of 1 mm near the fillet of a throughshardened or case-hardened tooth of a gear can become the origin

crack which

aerospace tjansmissions).

Similar cons
demanded ¢
unacceptabl
included in t

he field of application.
pitting is to be avoided.

In some fields, extensive pitting can be accepted; in other fields

j assessments, relevant to average working conditions, will help in distinguishing/between
estructive pitting.

pgressive increase of the total area of pits is unacceptable; however, the effective tooth be
e enlarged by initial pitting, and the rate of generation of pits could subsequently re
pitting), or cease (arrested pitting). Such pitting is considered tolerable. In the event of dis
rule is determinant.

ing the formation of pits that increase linearly or progressively with time under unchanged se
near or progressive pitting) is not acceptable. Damage assessment shall include the entire g

pnsideration. It is a frequent occurrence that pits aré;formed on just one or only a few o
ened gear tooth flanks. In such circumstances, assessment shall be centred on the flanks ac
suspected of being especially at risk should betmarked for critical examination if a quantif
required.

bses, a first rough assessment can be based on considerations of the entire quantity of
Fitical cases, the condition of the flanks should be examined at least three times. The
should, however, only take place-after at least 108 cycles of load. Further examination sk
ter a period of service depending on the results of the previous examination.

consequences, then pittingis not tolerable. Due to stress concentration effects, a pit of a dian

could lead to tooth.breakage; for this reason, such a pit shall be considered as intolerable (e

derations arédrue for turbine gears. In general, during the long life (1019 to 1011 cycles) wh

a)

b vibrations and excessive dynamic loads. Appropriately generous safety factors shoul
ne caleulation, i.e. only a low probability of failure can be tolerated.

In contrast, pitti

o which such pits can be tolerated (in size and number) varies within wide limits, depemding

any

nitial

aring
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pute,
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e tooth flanks. The number and size of newly developed-pits in unhardened tooth flanks shall be
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wear
first
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f these gears, neither pitting nor unduly severe wear is tolerable. Such damage could lead to

1 be

with

large teeth (e.g. module 25) made from low hardness steel where they will safely transmit the rated power for
10 to 20 years. Individual pits may be up to 20 mm in diameter and 8 mm deep. The apparently “destructive”
pitting which occurs during the first two or three years of service normally slows down. The tooth flanks
become smoothed and work hardened to the extent of increasing the surface Brinell hardness number by
50 % or more.

For such conditions, relatively low safety factors (in some cases less than one) may be chosen, with a
correspondingly higher probability of tooth surface damage. A high factor of safety against tooth breakage is
necessary.

Comments on the choice of safety factor Sy can be found in ISO 6336-1:2006, 4.1.7. It is recommended that
the manufacturer and customer agree on the values of the minimum safety factor.
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5 Basic formula

5.1 General

The calculation of surface durability is based on the contact stress, oy, at the pitch point or at the inner point
of single pair tooth contact. The higher of the two values obtained is used to determine the load capacity
(determinant). o and the permissible contact stress, opp, shall be calculated separately for wheel and pinion.
oy shall be less than opp. This comparison will be expressed in safety factors Sy, and Sy, which shall be
higher than the agreed minimum safety factor S,;,- Four categories are recognized in the calculation of oy,
as follows.

a) Ppur gears with contact ratio g, > 1:

— for a pinion, oy is usually calculated at the inner point of single pair tooth contact. in special cases,
oy at the pitch point is greater and thus determinant;

— for a spur wheel, in the case of external teeth, o is usually calculated at'the pitch point] however, in
special cases — particularly in the case of small transmission ratios (see)6.2), — oy is dreater at the
inner point of single pair tooth contact of the wheel and is thus determinant; whereas), for internal
teeth, oy is always calculated at the pitch point.

b) Helical gears with contact ratio ¢, > 1 and overlap ratio ep> 1.4y is always calculated at the pitch point
for pinion and wheel.

c) Helical gears with contact ratio s, > 1 and overlap ratio &)< 1: oy is determined by linear |interpolation
petween the two limit values, i.e. oy for spur gears.and oy for helical gears with £5=1 |n which the
determination of o}, for each is to be based on the numbers of teeth on the actual gears.

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

5.2 | Safety factor for surface durability (against pitting), Sy

Calcplate Sy separately for pinion and wheel:

O

S 1= > Shmin (1)
O H1
o

Sh2 =2 8 min 2)
O H2

Takg oyy4 57in accordance with Equation (4) for the pinion and in accordance with Equation (5) fpr the wheel

(see|5A)~Calculate oy for long life and static stress limits in accordance with Equation (6) and|5.4.2 a) and

b). Fordimited life, calculate o in accordance with Equation (6) and 5.4.3

NOTE This is the calculated safety factor with regard to contact stress (Hertzian pressure). The corresponding factor

relative to torque capacity is equal to the square of S,
For notes on minimum safety factor and probability of failure, see Clause 4 and ISO 6336-1:2006, 4.1.7.

5.3 Contact stress, o

The total tangential load in the case of gear trains with multiple transmission paths, planetary gear systems or
split-path gear trains is not quite evenly distributed over the individual meshes (depending on design,
tangential speed and manufacturing accuracy). This is to be taken into consideration by inserting the mesh

© I1SO 2006 — All rights reserved
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load factor K, to follow K, in Equations (4) and (5), and to adjust the average tangential load per mesh as

necessary.

OHO=ZHZEZ:Zp,| 7

Ft u+1

d—]b u

O'H1=ZBUHO\/KAKVKHﬁKHa

O'H2=ZDO'H0\/KAKVKHﬂKHa

where

SHo

Zg

®)

(4)

®)

7

the nominal contact stress at the pitch point, which is the stress induced in flawless.(error-
earing by application of static nominal torque;

Q

"

the pinion single pair tooth contact factor of the pinion (see 6.2 and 6.3), which converts co
ress at the pitch point to the contact stress at the inner point of single pair tooth contact o
nion;

T _»

e

the single pair tooth contact factor of the wheel (see 6.2), which ‘eonverts contact stress g
tch point to contact stress at the inner point of single pair tooth’contact of the wheel;

ie)

@

)

kternally influenced variations of input or output torque;

the dynamic factor (see ISO 6336-1), which takes-into account load increments due to int
ynamic effects;

Q i

the face load factor for contact stress((see 1SO 6336-1), which takes into account un

32 &

anufacture, elastic deformations, et¢:;

i the transverse load factor foricontact stress (see ISO 6336-1), which takes into account un
Iqad distribution in the transverse direction resulting, for example, from pitch deviation;")

i the permissible contact\stress (see 5.3);

i the zone factor (see Clause 6), which takes into account the flank curvatures at the pitch
ahd transforms tangential load at the reference cylinder to tangential load at the pitch cylinder;
moduli of-elasticity £, E, and Poisson's ratios vy, vy;

i the contact ratio factor (see Clause 8), which takes into account the influence of the effg

free)

htact
h the

t the

i the application factor (see ISO 6336-6), which takes into account the load increment die to

ernal

even

stribution of load over the facewidth,/due to mesh misalignment caused by inaccuraci¢s in

even

point

id the elasticity factor (see Clause 7), which takes into account specific properties of the material,

ctive

|
I flo ol Ll 'H £ 4 4
nmygururuaic mres Ul LUIact,

is the helix angle factor (see Clause 9), which takes into account influences of the helix angle,
as the variation of the load along the lines of contact;

is the nominal tangential load, the transverse load tangential to the reference cylinder (see re
requirement, below);

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

1) See ISO 6336-1:2006, 4.1.14, for the sequence in which factors K, K,,, KHﬂ, Ky, are calculated.

such

lated
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dy is the reference diameter of pinion;

u is the gear ratio = z,/z4. For external gears u is positive, and for internal gears u is negative.

The total tangential load per mesh shall be introduced for F, in every case (even with &, >2). See
ISO 6336-1:2006, 4.2, for the definition of F; and comments on particular characteristics of double-helical
gearing. The value b of mating gears is the smaller of the facewidths at the root circles of pinion and wheel
ignoring any intentional transverse chamfers or tooth-end rounding. Neither unhardened portions of

surface-hardened gear tooth flanks nor the transition zones shall be included.

5.4 Permissible contact stress, op

The [limit values of contact stresses (see Clause 10) should preferably be derived from materig tests using
meshing gears as test pieces (see Introduction). The more closely test gears and test conditions fesemble the
service gears and service conditions, the more relevant to the calculations the derived values will pe.

5.4.1 Determination of permissible contact stress o} p — Principles, assumptions and app|lication
Sevagral procedures for the determination of permissible contact stresses are.acceptable. The method adopted
shalll be validated by carrying out careful comparative studies of well-doecumented service hjstories of a
numper of gears.

5.411 Method A

In Method A the permissible contact stress op (or the pitting.stress limit, o) for reference stress, long and

limitgd life and static stresses is calculated using Equation (4) or (5) from the S-N curve or da

deriy

The
whic
Simi
and

cond
of su

5.4.1
Dam
have
load

Thegq

ed from tests of actual gear pair duplicates under appropriate service conditions.

cost required for this method is in general only4ustifiable for the development of new produ
h would have serious consequences (e.g. foer manned space flight).

arly, the permissible stress values may'be derived from consideration of dimensions, servig
performance of carefully monitoredreference gears. The more closely the dimensions
itions of the actual gears resemble those of the reference gears, the more effective will be th
ch values for purposes of design ratings or calculation checks.

2 Method B

age curves, characterized by the allowable stress number values, o i, and the limited life
been determined-for a number of common gear materials and heat treatments from the re
ng tests with‘standard reference test gears.

e test.gear values are converted to suit the dimensions and service conditions of the act

usin

T?

hardening 7,y and size Zy.

the (relative) influence factors for lubricant Z, pitch line velocity Z,, flank surface roughn

!

mage curve

its, failure of

e conditions
and service
b application

factors, Zyt,

sults of gear

al gear pair
ss Zg, work

Method B is recommended for reasonably accurate calculation whenever pitting resistance values are
available from gear tests, from special tests or, if the material is similar, from ISO 6336-5 (see Introduction).

54.1.3 Method By

Material characteristic values are determined by rolling pairs of disks in loaded contact. The magnitude and
direction of the sliding speed in these tests should be adjusted to represent the in-service slide and roll
conditions of the tooth flanks in the areas at risk from pitting.

Method By may be used when stress values derived from gear tests are not available. The method is
particularly suitable for the determination of the surface durability of various materials relative to one another.
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5.4.2 Permissible contact stress, op: Method B

The permissible contact stress is calculated from

OH lim ZNT THG
Opp=—c " ZL Zy Zr Zw Zx =

where

a)

b)

5.4.3 Per

OH lim

H min Hmin

(6)

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 refer

nce

Permis
influenc

Permissible contact stress (static), opp 4o, iS determined in accordance with Equation (6), wi
e factors (forstatic stress) following Method B.

influenc

AN

sible contact stress (reférence), opp o, is derived from Equation (6), with Zyt =1 ang
e factors oy jim: 21, ZynZR, 2w ZR, Zx and Sy min calculated using Method B.

issible contact stress for limited and long life: Method B

test gears;

is the life factor for test gears for contact stress (see Clause 11), which accounts for h
load capacity for a limited number of load cycles;

is the pitting stress limit (= opp SH min);
is the minimum required safety factor for surface durability.
are factors that, together, cover the influence of the oil film on tooth contact stress;

is the lubricant factor (see Clause 12), which accounts\for the influence of the lubn
viscosity;

is the roughness factor (see Clause 12), which "accounts for the influence of su
roughness;

is the velocity factor (see Clause 12), whichvaccounts for the influence of pitch line veloc

is the work hardening factor (see Clause 13), which accounts for the effect of meshing W
surface hardened or similarly hard jmating gear.

is the size factor for contact stress (see Clause 14), which accounts for the influence g
tooth dimensions for thespermissible contact stress.

gher

icant

rface

ty;

ith a

f the

the

h all

static stress in accordance W|th 5.4.2 b). Values appropriate to the relevant number of Ioad cycles, N, are
indicated by the S-N curve. See Clause 11.

5.4.3.1

Graphical values

Calculate opp for reference stress and static stress in accordance with 5.4.2 and plot the S-N curve
corresponding to the life factor Zy1. See Figure 1 for principle. oyp for the relevant number of load cycles N
may be read from this graph.
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Y
A
Y
A
Y

Xy

Key
X rjumber of load cycles, N, (log)

Y germissible contact stress, opp (log)

1 dtatic
2 limited life
3 long life

a8  Hxample: permissible contact.Stress, oyp for a given number of load cycles.

Figure 1 — Graphic determination of permissible contact stress for limited life — Method B

5.4.3.2 Determination by calculation

Calcplate opp s for reference and opp o4 for static strength in accordance with 5.4.2 and, using these results,
determine oyp, in accordance with Method B for limited life and the number of load cycles N, in the range as
follows (see ISO 6336-1:2006, Table 2, for an explanation of the abbreviations used).

a) St,V, GGG(perl., bain.), GTS(perl.), Eh, IF, if a certain number of pits is permissible:

— For the limited life stress range, 6 x 105 < N < 107 in accordance with Figure 6:

3x108JeXp

O'HP = GHP ref ZN = O'HP ref [
L
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where

exp = 0,370 5 log ZHP stat
OHP ref

— For the limited life stress range, 107 < N < 109 in accordance with Figure 6:

109 }exp

OHP = OHP ref 2N = OHP ref | 3~
L

wh

b) St V,G

—  For

wh
expis a
c) GG, GG

— For

wh

d) NV(nitrg

ere

exp = 0,279 1 log ZHP stat.
OHP ref

GG(perl., bain.), GTS(perl.), Eh, IF, when no pits are permissible:

the limited life stress range, 105 < N <5x 107 in accordance with Figure 6:

exp
5x107
N

OHP = OHP ref ZN = OHP ref [

bre

5 in Equation (8).

G(ferr.), NT(nitr.), NV(nitr.)

the limited life stress range, 105 < N2 x 108 in accordance with Figure 6:

2><106\J8Xp

Ohp = Op ref ZN = Oip ref [N—
L

ere

exp = 0,768%@1og ZHP stat
OHP ref

car.)

— For

the limited life stress range, 105 I\IL 2 « 100 in accordance with I:igurn B

OHP = OHPref ZN = OHP ref (

where

exp=0,709 8log ZHP stat
OHP ref

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

(8)

9)

(10)

(11)

(12)

(13)

(15)
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6 Zone factor, Z;, and single pair tooth contact factors, Zg and Zp

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

6.1 Zone factor, Z,,

The zone factor, Z,, accounts for the influence on Hertzian pressure of tooth flank curvature at the pitch point
and transforms the tangential load at the reference cylinder to normal load at the pitch cylinder.

6.1.1 Graphical values

Zy, can be taken from Figure 2 as a function of (x4 + x,) / (z4 + 25) and g for external and internahgears having
normal pressure angles o, = 20°, 22,5° or 25°.

YA

3 N v N
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e | N\ = —{ NEE -

2,7 i\‘ NN Tx L] 0075 \ L 0,0, _@/fe

2,6 10005 AN ] ! \\\\\ s ! N ““3/

! -0 — . S

25 f—t—] \\\ \\ ,IO1 N \\\ ?075 <

24 Im— 00:\\\\ \\ e \\\\\ — 0! !‘\\

y » A 5 — |

23 == 0,01 :\ \\\\\ \00005 \\\\\i\\\ -?'005 \‘\> \

' 0015 \ ’ N —'—0

22 = 002 :\\\\\\\ 0 NN\ 58'8?5\§§\\\§;.
= é,‘%::§\\\§\&\ 0% NN NNy

: — s 0,02 ~J N

) ggz \\\Q\\Qki %0 :\§\\\§t\§\ :§:§%5\E\\‘>\\\‘k\\

105 ' ——0,04 \

1o = §,8673 \:\i‘\\\:\\\\ o8 —\\Q\\ NN —0.05 \tibﬁ‘\\ \

) — ’ — ” — —0,06 — N :

N =HESSSWNN 58 I 0 O NN

: i S s 01 TN 571009 = A

Y I eSS XN S =SS X EESSSN

) \ §:
16— a,=20° \§ ||, =225° % || o, =25°

15 | | [ | | | -

0 10 20 30 40 0 10 20 30 40 0 10 20 30 40 X
Key
X Helix angle at reference circle, 5 (°)
Y Zone factor,.Zy
Figure 2 — Zone factor, Z,

6.1.2— Determination by calculation

The zone factor is calculated by:

2 cosf3, cosa
COS” a Sinay
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6.2 Single pair tooth contact factors, Zz and Zp, for ¢, < 2

The single pair tooth contact factors, Zg and Zp, are used to transform the contact stress at the pitch point of
spur gears to the contact stress at the inner point B of single pair tooth contact of the pinion or at the inner
point D of single pair tooth contact of the wheel if Zg > 1 or Z > 1. See Figure 3 and 5.1.

External gearing Internal gearing
Key
1 pinion
2 wheel

Figurg 3 — Radii of curvature at pitch point C and single pair tooth contact point B of pinion
and D| of wheel for determination of pinion single pair tooth contact factor Z; in accordance
with Equation (17) and wheel single pair tooth contact factor Z in accordance with Equation (18)
(only for external spur gears)

In general, 4 shoulg~only be determined for gears when u < 1,5. When u > 1,5, M, is usually less than 1,0 in
which case ¥, is:made equal to 1,0 in Equation (17).

For internal gears, Z5 stattbetakemras equat to 176-

Determination by calculation:

My - /Pc1 Pc2 _ tan a (17)
PB1PB2 [ 42 o 2n]
4l 1-—= £

10 © 1SO 2006 — All rights reserved
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My~ /Pc1 Pc2 _ tan oy
PD1 PD2 2 2
@_1_E @_1_(‘g _1)@
o
diy 2 )|\ df; 1

(18)

Equation (17) and (18) are not valid, if undercut shortens the path of contact. See 8.2.1 for calculation of the
profile contact ratio ¢,

a) Spur gears with g, > 1:

d)

MetH
If the

contact at the adjacent tip cirCle-"For helical gearing when ¢4 is less than 1,0, Zg and Zp are dg

linea
appr,

6.3
In th

trans
the g

mMy < TihenZg=T1; mTMy, <TthenZp=T1,
if My > 1then Zg = My; if M5 > 1then Zp = M.
Helical gears with £, > 1 and ¢4 > 1:
Zg=7p=1
Helical gears with £, > 1 and ¢4 < 1:

/s and Zp are determined by linear interpolation between the yalues for spur and helical
g > 1
ﬂ =

ZB:M1—8ﬂ(M1—1)andZB>1
ZD:MZ—Eﬁ(M2—1)andZD>1

f Zg or Zp are made equal to 1, the contact strésses calculated using Equation (4) or (5) ar
for the contact stress at the pitch cylinder.

Helical gears with ¢, < 1 and with ¢, >4 not covered by ISO 6336 — a careful analysis of
contact stress along the path of contact'is necessary.
pitch point C is determinant;and lies outside the path of contact, then Zg and/or Z are dg

I interpolation between, the values (determined at the pitch point or at the adjacent
ppriate) for spur gears,and those helical gears with eg= 1.

Single pairtooth contact factors, Zg and Zp, for ¢, > 2

e case .0f )meshing gear pairs of high precision with 2 < ¢, < 2,5, the entire tangential
verse.plane is supported by two pairs, or three pairs, of teeth in continued succession. For|
alcdlation of contact stress is based on the inner point of two pair tooth contact of the pinion.

gearing with

e the values

the decisive

ods a), b) and c¢) apply to the calculation of contact stress when the pitch point lies in the path of contact.

termined for
termined by
ip circle as

load in any
such gears,

7

Elasticity factor, Zg

The elasticity factor, Zg, takes into account the influences of the material properties £ (modulus of elasticity)
and v (Poisson's ratio) on the contact stress.

ZE:
i 1—v12 Jr1—v22
Eq E,

[ 1

© I1SO 2006 — All rights reserved
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When Eq=E;,=Eand vy = v, = v:

E
Ie= |[——M 20
B\ 2n(1-v2) (20)

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

Zg =0175E 1)

For mating gears in material having different moduli of elasticity £ and E,, the equivalent modulus

2Ey E
E= S°172 (22)
E»] |'E2
may be used.
For some material combinations Zg can be taken from Table 1.
Table 1 — Elasticity factor, Z, for some material combinations
Wheel 1 Wheel 2
Modulus of ; , Modulus of - , Ze
Material 3 elasticity, £ P:):isoon s Material elasticity, £ P:);.:,isoon s \/—3
N/mm? 'V N/mm?2 a4 N/mm)
St, V, Eh, IF, NT,
NV 206 000 189,9
i St(cast) 202 000 188,4
St, V, Eh, IF, 206 000
NT, NV GGG, GTS 173 000 181,4
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 173 000 173,94
GGG, GTH 173 000
GG 118 000 156,4
126 000 146,(
GG to GG 118 000 to
1187000 143,17
a8  See ISO $336-1:2006, Table 2, for explanation of abbreviations used.

8 Contact ratio factor, Z,

The contact ratio factor, Z,, accounts for the influence of the transverse contact and overlap ratios 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:

bvir _i
2

(23)

The average length of the line of contact calculated on a simplified basis is used as the appropriate value for
helical gearing with 5> 1.
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8.1

8.1.1

Determination of contact ratio factor, Z,

Graphical values

Z,for known contact and overlap ratio factors may be read from Figure 4.

Y
1

ISO 6336-2:2006(E)

Key

8.1.2

| \\:\t\\\\
09 NN AN
\\\\\ N\
s | 1L NN
\‘i\ N
0,8 N N
oo 5\\
\\\\\\\\\\
0,7 N \\ \‘\\\
NN \§
0,65 \\ N
1 1,5 2 25 X

ansverse contact ratio, ¢,
ontact ratio factor, Z,,

Figure 4 — Contact ratio factor, Z,

Determination by calculation

Spur géars:

}4—5a

The conservative value of Z,= 1,0 may be chosen for spur gears having a contact ratio less than 2,0.

b)

=V 3

Helical gears:

_ &
7 = \/4 35“ (1—gﬁ)+g—ﬁ for g5 < 1

&
a

Z,.= /i for 5> 1
ng

© I1SO 2006 — All rights reserved
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8.2 Calculation of transverse contact ratio, ¢, and overlap ratio, &g

8.2.1 Transverse contact ratio, s,

The calculation is based on the roll angle £ and the angular pitch z, both expressed in radians in the following

equations.
_ é:fW1 + égEaW1 _ egfw2 + égawz
Ea -
71 72
where

&w12 | are the roll angles from the root form diameters to the working pitch point, taken as-the
value of

— limited by the base diameters:
Stw12=taN awt

— limited by the root form diameters:

Eqwr=taN gy —tan arccos 401
d soi1

Eano =1an gt —tanarccos db2
ds0i2

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

Etn1= (tan arccos 402 _ tan aWtj z2
da2 z1
Etnn= [tan arccos 2 _ tan aWtj =
d a1 z2

Saw1,2 | are the roll angles from’ the working pitch point to the tip diameter
z2 Z1

faw1 4 ffwz _’gawz = ffw1 —
z1 z2

712 is the«pinion/wheel angular pitch:

2n 2n
T1=——,12=—

(27)

least

(28)

(29)

(30)

(31)

(32)

(33)

(34)

Z1 zZ2
Equations (28) to (34) do not take into account undercut (see Annex A).
8.2.2 Overlap ratio, &g

This is calculated by

_bsinpg
T mp

p

See Equation (3) for the definition of facewidth.

(3%)
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9 Helix angle factor, Z,4

Independent of the influence of the helix angle on the length of path of contact, the helix angle factor, Zp,
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 modifications are employed:

Z,= \Jcos fB (36)

where gis the reference helix angle.

Zgcagn also be read from Figure 5.

Y A
1

0,95

0.9 N
AN

0,85 N\

0,8

Key

X Helixsangle at reference circle, 5 (°)
Y Hhelixangle factor, Zg

Figure 5 — Helix angle factor, Zg
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10 Strength for contact stress

See 5.4 for general notes on the determination of limit values for contact stress; see 5.4.1 for the
determination of pitting stress limit values.

10.1 Allowable stress numbers (contact), oy i, for Method B

Refer to 5.4.1.2 for details relevant to the following. For a demonstration of the use of oy };,,, See Equation (6).
The value oy, for a given material is considered as the highest value of contact stress, calculated in
accordance with this part of ISO 6336, which the material will endure for at least 2 x 108 to 5 x 107 load cycles

(see Figure
ISO 6336-5
influence of
reference te

Also see IS
Material qual

10.2 Allow

See 54.1.3
roller tests 0|

11 Life factor, Zy7 (for flanks)

The life facte
limited life (n
of Figure 6,

6 for start).

provides information on commonly used gear materials, methods of heat treatment,\ang
gear quality on values for allowable stress numbers, oy iy, derived from test results™of-stan
5t gears.

D 6336-5 for requirements concerning material and heat treatment for qualities-ML, MQ and
ity MQ is generally selected unless otherwise agreed.

able stress number values for Method By

for detailed information. The allowable stress number values-iiay be determined by mea
I can be taken from the literature.

r, ZyT,» accounts for the higher contact stress, including static stress, which may be tolerable
umber of load cycles), as compared with the allowable stress at the point or “knee” on the cu
where Zy 1 = 1,0. Zy7 applies for standard reference use.

the
dard

ME.

hs of

for a
rves

The principal influences are

a) material and heat treatment (see 1ISO 6336-5),
b) number|of load cycles (service life)'\{,

¢) lubricatipn regime,

d) failure griteria,

e) smoothness of operation required,

f)  pitchling velogity,

g) cleannessofgearmaterial;

h) material ductility and fracture toughness, and
i) residual stress.

For the purposes of this part of ISO 6336, the number of load cycles, N, is defined as the number of mesh
contacts, under load, of the gear tooth being analysed.

16
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11.1 Life factor Zy1: Method A

The S-N curve or damage curve derived from examples of the actual gear pair is determinant for load capacity
at limited service life and is thus also determinant for the materials of both mating gears, 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 Zg, Z,, Z|, Z\y and Zy are included in the curve and should therefore be assigned the value 1,0
in the calculation formulee.

11.2 Life factor Zy1: Method B

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

Zn lor static and reference stresses may be taken from Figure 6 or Table 2.

Y A
1,7
1

1.6 N L1 il

M L
15 \ N
’ \>\ \\
1,4 / N N

2 \\ w\\

13 AN N

1,2 N X
I

1,1

/
/
7

0,9

0,8

10% 10° 10° 107 108 10° 10’

Xy

Key

number of load cycles, N

< X

life factor, Zy

St, V, GGG (perl., bai.), GTS (perl.), Eh, IF2@
St, V, GGG (perl., bai.), GTS (perl.), Eh, IF
GG, GGG (ferr.), NT (nitr.), NV (nitr.)

NV (nitrocar.)

AW N -

[V

When limited pitting is permitted.

Figure 6 — Life factor, Z, for standard reference test gears
(see ISO 6336-1:2006, Table 2, for explanation of abbreviations used)
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Table 2 — Life factor, Zyt

Material @ Number of load cycles Life factor, Zyt
, N_ < 6 x 105, static 1,6
St, V, GGG (perl., bai.), GTS (perl.),
Eh, IF; N =107 1,3
only when a certain degree of pitting is N =10° 1,0
permissible
N_ =101 0,85upto1,0®
N, < 105, static 1,6
St, V, GGG|(per, bar), GTS (perl), NT=5>46" 8
Eh, IF N =10° 1,0
N_=1010 0,85 up to.1,0
N < 105, static 1(3
GG, GGG (fefrr.), NT (nitr.), NV (nitr.) N =2x108 1,0
N_ =101 0,85upto 1,0
N, < 105, static 1,1
NV (nitrocar. N =2x108 1,0
N_=1010 0,85upto 1,0

@  See ISO §336-1:2006, Table 2 for explanation of abbreviations used.

P The lowervalue of Zyr may be used for critical service, where pitting must be minimal. Values between 0,85 and 1,0 may be|used
for general purpose gearing. With optimum lubrication, material, manufacturing.and-éxperience 1,0 may be used.

12 Influence of lubricant film, factors Z , Z;’and Zg

12.1 General

The lubricant film between the tooth fldnks influences surface durability. The following have a significant
influence:

a) viscosity of the lubricant in thexmesh;
b) sum of the instantaneodsyvelocities of the two tooth surfaces;
c) loading;

d) radius df relative curvature;

| t hin_batwean the combined valuese of the ciufaca rataghnecscas of tha tooth flanke and th
e) relationshig—between—the combined—values—of the surface—roughnesses—of thetooth—flanks—and the

minimum thickness of the lubricant film.

According to EHD (elasto-hydrodynamic theory concerning the characteristics of lubricant films in zones of
elastic sliding/rolling contact), a) to d) above influence the film dimensions and pressures.

Furthermore, the nature of the lubricant (mineral oil, synthetic oil), its origin, its age, etc. will also have an
effect on surface durability.

NOTE Information and recommendations concerning the choice of lubricant type and viscosity can be found in other
publications.
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12.2 Influence of lubricant film: Method A

By Method A the influence of the lubricant film on surface durability is determined on the basis of reliable
service experience or tests on geared transmissions having comparable dimensions, materials, lubricants and
operating conditions. The provisions of ISO 6336-1:2006, 4.1.12, are relevant.

12.3 Influence of lubricant film, factors 7, Z, and Zz: Method B

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
men

Theg
be c

The
sepd
held
cond
throy
velo
Figu
the f]
of ca

The
high

The

when testing certain, synthetic lubricants in combination with case hardened test gears, values

1,1t

Thegq
mine

ubricant) on the effect of the lubricant film;
., for the influence of the pitch line velocity on the effect of the lubricant film;

/ for the influence of surface roughness of the flanks after running-in (as‘@manufacturing
he effect of the lubricant film.

considerable scatter (width of the hatched field) indicates that there are influences othe
ioned above, also involved in the lubricant film, which are not ineludéd in the calculation proc

e omissions were taken into consideration when plotting the€urves in Figures 7 to 9. Clearly
pnsidered as representing physical laws. They are, of course, empirical.

influence factors are presented as independent . of\one another, but in reality cannot bg
rated. For this reason, test results which were abtained by varying a single variable, while
constant, were adjusted to take into account figld' experiences with gears of different sizes a
itions. Thus, some of the recorded values ‘do not correlate directly with test results.
gh-hardened gears are more sensitive than case-hardened gears to the influences of viscos

es 7 to 9 inclusive. When a gear pair.consists of one which is of hard and one which is of §
hctors 7, Z, and Zg shall be determined for the softer of the materials. See 1ISO 6336-5 for
mmon gear materials.

influence of the lubricant film is only fully effective at the long life stress level. The influer
er limited-life stress levéls+(see Clause 11 and 5.4).

ubricant factor Z Cwas derived from tests using mineral oil (with and without EP additives). By
mes highersand with through-hardened test gears up to 1,4 times higher were observed.

e values-should be verified in each individual case (where possible, curves similar to those
ral,@ils should be prepared for synthetic oils).

7, for the influence of the nominal lubricant viscosity (as a characteristic value of the iannIAence of the

process) on

r than those
edure.

they cannot

e completely
others were
nd operating
In general,
ty, pitch line

ity and surface roughness. This is reflected in the empirical curves drawn in the scatler bands in

toft material,
OH lim Values

ce is low at

comparison,
of Z up to

provided for

12.3.

12.3.

1 Factors 7, Z,, Zy for reference stress

1.1 Lubricant factor, Z;

The factor Z for mineral oils (with or without extreme pressure, EP, additives) can be determined as a
function of nominal viscosity at 40 °C (or 50 °C) and the value oy |, of the softer of the materials of the mating
gear pair, by following the directions in 12.3.1.1.2 a) and b). The values for v,q apply for the viscosity index
VI =95 and viscosities up to 500 cSt at 40 °C; for higher viscosities, use the value obtained at 500 cSt at
40 °C or 300 cSt at 50 °C to determine the value of Z, .
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12.3.1.1.1 Graphical values

Z, can be read from Figure 7 as a function of the nominal viscosity of the lubricant at 40 °C (or 50 °C) and the

OH |im Value.
1
0 100 200 300 400 500
1.2 T T N >
Giim = 1 000 N/mm? \ X2
AN
> T T e
’ O im < 850 N/mm? —| S
1
OH lim =1 100 N/mm2
O_H lim > 1 200 N/mm2
0,9
AN
0,8 -
Q 60 120 180 240 300 X1
Key

X1 nominal Viscosity at 50 °C, vy, mm?/s
X2 nominal \fiscosity at 40 °C, v,,, mm?/s

Y lubricant factor, Z_

12.3.1.1.2 Petermination by calculation

a) Z can be calculated using Equations (37) to (41) which are consistent with the curves in Figure 7:

Figure 7 — Lubricant factor, Z

4(90-C 41,0-C
5l * LO0-Ca) ZL; =Cz LA0-Ca) ZL; (37)
[1,2+80] [1,2+134j
V50 V40
In the range 850 N/mm? < oy jim < 1 200 N/mm?
= FHiim 4 6357 (38)

L7 4375

20
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C; =0,83 (39)
In the range oy jim > 1 200 N/mm?
Cz =0,91 (40)
b) Alternatively, Z, can be calculated from Equation (41):
Z=Cx +4(1,0-Cz) % (41)
where v;=1/(1,2 + 80/ v50)2 using viscosity parameters from Table 3.
Table 3 — Viscosity parameters
ISO viscosity class (grade) VG322 | VG462 | VG682 | VG100 | VG150 | VG 220 | VG 320
V40 32 46 68 100 150 220 320
Nonjinal viscosity, mm?2/s
Vs0 21 30 43 61 89 125 180
Visdosity parameter V 0,040 0,067 0,107 0,158 0,227 0,29% 0,370
@  Dnly for high speed transmission.
12.3{1.2 Velocity factor, Z,
The \velocity factor, Z,, can, as a function of pitch line velocity and the allowable stress number|oy |, of the
softdr of the materials of the mating gear pair, be determined in accordance with 12.3.1.2.1 or 12.3.1.2.2.
12.3]11.2.1 Graphical values
Z, cgn be taken from Figure 8 as a function of the pitch line velocity and the oy i, value.
12.3/1.2.2 Determination by €alculation
Z, cgn be calculated usingEquations (42) and (43). They reproduce the curves in Figure 8.
7, = Cy + 2005C2) (42)
32
0,8+ —
\%
where
zv=Cz TUUL (43)
[see Equations (38) to (40) for values of C].
21
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Y  §
OH lim < 850 N/mm? \
O im = 900 N/mm2 —____ ><<§
11 asit
Gy = 1 000 N/mm? % £
o8
=0 N
I
o O'H lim =1 100 N/mm2
O_H lim > 1 200 N/mm2
0,9
05 1 2 3 456 810 20 40 100 X

Key

X pitch line jvelocity, v, m/s
Y velocity factor, Z,

Figure'8 — Velocity factor, Z,

12.3.1.3 Rbughness factor, Z

12.3.1.3.1 [General

The roughngss factor, Z5,/ean be determined in accordance with the following, as a function of the sufface
condition (rqughness)-ofthe tooth flanks, the dimensions (radius of relative curvature, p,q) 2), and the ¢ jim
value for the| softer material of the mating gear pair.

Zg can be rgad from curves or calculated as a function of the “mean relative roughness” (relative to radips of
relative curvhture at the pitch paoint Pred= 10 mm)

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

_ RZ1 +R22
2

z

(44)

2) pred is defined here as the radius of relative curvature at the pitch point. This also applies for internal gear pairs. For
pinion — rack contact, peq = p1-
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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 3).

The mean roughness Rz, (pinion flank) and Rz, (wheel flank) shall be determined for their surface condition
after manufacture, including any running-in treatment, planned as a manufacturing, commissioning or
in-service process, when it is safe to assume that it will take place.

Mean relative peak-to-valley roughness for the gear pair:

10
Rzig=Rz 3
Z10 Z\D o

\ EEamavae]

Radius of relative curvature:
Ored = £1P2
+
P17 P2
where

For ¢

12.3

In th

In th

In th

01’2 = 0,5 db1,2 tan O.’Wt
xternal gearing, d,, has a positive sign; for internal gearing, d,$as a negative sign.
1.3.2 Graphical values

hn be read from Figure 9 as a function of the meanstelative peak-to-valley roughness and the

1.3.3 Determination by calculation

hn be calculated using the following equations which are consistent with the curves in Figure

b range 850 N/mm? < o'y < 1 200 N/mm?2:
= 0,32 — 0,000-350, 1.

B range oy jim< 850 N/mm?2:

= 0,15

B range-oy jim > 1200 N/mm2:

=008

=25
LI\

(45)

(46)

(47)

OH |im Value.

(48)

(49)

(50)

(51)

3) If roughness stated is an Ra value (= CLA value) (= AA value), the following approximation may be used for
conversion: R, = CLA = AA = Rz/6.
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Y
3 OHiim < 850 N/mm?
1,1 g O tim = 900 N/mm?
Onjim = 1 000 N/mm?
W O jim = 1 100 N/mm?
Oniim = 1 200 N/mm?
| \
0’8 /—

Key

X mean relative peak-to-valley roughness, Rz;q, hm

Y roughnes

12.3.2 Fact

The relation
the upper hg

ZL:ZV

13 Work

The work hg
wheel (struc
tooth flanks.

2 3 4 5 6 7 8 9 10 1 12 13 14 X

5 factor, Zg
Figure 9 — Roughness factor, Zg

prs 7, , Z,, and Z, for static stress

Ehips in Equation (52) are valid-for the static and upper limited life stress ranges (characterizg
rizontal branches of S-N curves)

:ZR:1,0

hardening‘factor, 7

rdening-factor, Z, takes account of the increase in the surface durability due to meshing a
tural steel, through-hardened steel) with a hardened or substantially harder pinion with sm

bd by

(52)

steel
ooth

The increase in the surface durability of the soft wheel depends not only on any work hardening of this wheel,
but also on other influences such as polishing (lubricant), alloying element and internal stresses in the soft
material, surface roughness of the hard pinion, contact stress and hardening processes.

13.1 Work

hardening factor, Z,,: Method A

The increase in load-bearing capacity as a result of the influences listed above is to be determined in
accordance with reliable operating experience or tests on geared transmissions of comparable dimensions,
materials, lubricants and operating conditions. The provisions given in ISO 6336-1:2006, 4.1.12, are relevant.
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13.2 Work hardening factor, Z,,: Method B

13.2.1 Surface-hardened pinion with through-hardened gear

The data provided are based on tests of different materials, using standard reference test gears, as well as

prod

uction gearing field experience.

Although the curves in Figure 10 were carefully chosen, they cannot be interpreted as a physical law for the
reasons mentioned above. They are, like Equation (53), empirical.

The equivalent roughness, Rzy,, is determined as

whele

The
NOT
limit 1
in thi
13.2

Zy fi
of th

_ Rzq (101 preg)*®® (Rzq [ Rzp)>°
(v4o v 11500)%32

H

f Rzyy > 16 then Rz = 16 ym

f Rzyy < 3 then Rzyy = 3 pm

Rz, s the surface roughness of the harder pinion, in micrometres (um) before running-in;
Rz, s the surface roughness of the softer wheel, in micremetres (um) before running-in;
b.eq s radius of relative curvature at pitch point, in'millimetres (mm), see Equation (43);
V4o  is the nominal viscosity at 40 °C, in squaré millimetres per second (mm?2/s);

is the pitch line velocity, in metres per'second (m/s).

E Especially for rough pinion_surfaces, values of Zy < 1 may be evaluated. As in this range effec
he surface durability, Zy is fixéd\at Zyy = 1. An additional analysis concerning wear is recommended to
5 case. Wear of the surface is not covered by 1ISO 6336.

1.1 7, for reference and long life stress, graphed values

pr reference andJong life stress can be taken from Figure 10 for the conditions listed in 12.2
b flank hardhess of the softer wheel.

value of Z,, is different for static, limited life and reference stress (stress ranges, see Figure 6)).

(53)

s of wear can
be carried out

bs a function

© I1SO 2006 — All rights reserved
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YA

1,4

1,3

1,2

1,1

0,9

0,8

0,7 B i
100 150 200

Key

250 300 350 400

X tooth flank hardness of softer wheel, HB
Y work hardening factor, Zy

8 Shaded drea: Z, = 1. Effects of wear (not covered by ISO 6336).

Figu

reference stress

re 10 — Work hardening factor 7, for through-hardened gear/case-hardened pinion,

450 500 X

13.2.1.2 Z), for reference.and long life stress, determination by calculation
For 130 < HB < 470, Zfor reference and long life stress is calculated as
(%) e
where
HB s the Brinell hardness of the tooth flanks of the softer gear of the pair;
Rz is the equivalent roughness according to Equation (53).
For HB < 130:
Zy =12 [i]m (55)
Rz
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