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Foreword

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 m
electrotechnical standardization.

atters of

The procedures used to develop this document and those intended for its further mainteén
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteriayneede
d|fferent types of ISO documents should be noted. This document was drafted in accordance
eglitorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Aftention is drawn to the possibility that some of the elements of this document'may be the §
patent rights. ISO shall not be held responsible for identifying any or all such patent rights. I
a
0

n the ISO list of patent declarations received (see www.iso.org/patents),

Ahy trade name used in this document is information given for thé.convenience of users and
nstitute an endorsement.

(o)

For an explanation of the voluntary nature of standards, the meaning of ISO specific te
expressions related to conformity assessment, as well\as information about ISO's adheren

orld Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see
.arg/iso/foreword.html.

This document was prepared by Technical Cemmittee ISO/TC 60, Gears, Subcommittee S(
cqpacity calculation.

Apy feedback or questions on this document should be directed to the user’s national standard
complete listing of these bodies can hefoeund at www.iso.org/members.html.

his first edition of ISO/TS 6336-22'cancels and replaces ISO/TR 15144-1:2014.

T
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Introduction

The ISO 6336 series 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.

— TS contain calculation methods that are still subject to further development.

— TR cpntain data that is informative, such as example calculations.

The prog¢edures specified in ISO 6336-1 to ISO 6336-19 cover fatigue analyses for gear rating” The
procedures described in ISO 6336-20 to ISO 6336-29 are predominantly related to the tribologicpl
behavioyr of the lubricated flank surface contact. ISO 6336-30 to ISO 6336-39 ingludé example
calculatipns. The ISO 6336 series allows the addition of new parts under appropriate numbers to refleft
knowledge gained in the future.

Requesting standardized calculations according to ISO 6336 without referring to specific pars
requires|the use of only those parts that are currently designated as Intérmational Standards (s¢e
Table 1 fpr listing). When requesting further calculations, the relevant partior parts of ISO 6336 negd
to be spgcified. Use of a Technical Specification as acceptance criteria fof.a specific design needs to he
agreed ifh advance between manufacturer and purchaser.

Table 1 — Overview of IS0.6336

International Technical Technical

Calcylation of load capacity of spur and helical gears Standard Specification Report

Part 1: Bgsic principles, introduction and general influence factors X
Part 2: Cqlculation of surface durability (pitting) X
Part 3: Cqlculation of tooth bending strength X
Part 4: Cqlculation of tooth flank fracture load capacity X
Part 5: Sqrength and quality of materials X
Part 6: Calculation of service life under variable load X

Part 20: (Calculation of scuffing load (capacity (also applicable to
bevel and hypoid gears) — Flash teraperature method X

(Replacep: ISO/TR 13989-1)

Part 21: Calculation of scuffing load capacity (also applicable to
bevel and hypoid gears) < Integral temperature method X

(Replacep: ISO/TR 13989-2)
Part 22: Calculatiotnof micropitting load capacity
(Replacep: ISOATR 15144-1)

Part 30:|Calculation examples for the application of 1SO 6336
parts1,2,3,5

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

At the time of publication of this document, some of the parts listed here were under development. Consult the ISO website.

<

X

This document provides principles for the calculation of the micropitting load capacity of cylindrical
involute spur and helical gears with external teeth.

The basis for the calculation of the micropitting load capacity of a gear set is the model of the minimum
operating specific lubricant film thickness in the contact zone. Many parameters can influence the
occurrence of micropitting. These include surface topography, contact stress level, and lubricant
chemistry. Whilst these parameters are known to affect the performance of micropitting for a gear set,

vi © ISO 2018 - All rights reserved
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the subject area remains a topic of research and, as such, the science has not yet developed such that
all aspects of these specific parameters are fully included in the calculation methods. Furthermore,
the correct application of tip and root relief (involute modification) has been found to greatly influence
micropitting; the suitable values should therefore be applied. Surface finish is another crucial
parameter. At present, Ra is used but other aspects such as Rz or skewness have been observed to have
significant effects which can be reflected in the finishing process applied.

Although the calculation of specific lubricant film thickness (which is also referred to in literature as
"film thickness ratio" or "lambda ratio") does not provide a direct method for assessing micropitting
load capacity, it can serve as an evaluation criterion when applied as part of a suitable comparative
procedure based on known gear performance.

© 1S0 2018 - All rights reserved vii
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TECHNICAL SPECIFICATION ISO/TS 6336-22:2018(E)

Calculation of load capacity of spur and helical gears —

Part 22:
Calculation of micropitting load capacity

Scope

his document describes a procedure for the calculation of the micropitting load capacity of cy
bars with external teeth. It has been developed on the basis of testing and observation of oil-1y
par transmissions with modules between 3 mm and 11 mm and pitch line velocitiés of 8 m/s t
lowever, the procedure is applicable to any gear pair where suitable refefénce data are :
roviding the criteria specified below are satisfied.

00 09— e

he formulae specified are applicable for driving as well as for driven cylindrical gears w

her basic racks where the virtual contact ratio (¢qy) is less than 2,5: The results are in good ag

T <o0T 3 T

cases where pitch line velocity is higher than 2 m/s.

his document is not applicable for the assessment of types of gear tooth surface damage ot
icropitting.

5 =3

2| Normative references
T

he following documents are referred to_in the text in such a way that some or all of theil

uhdated references, the latest edition-of the referenced document (including any amendmentsj}

et

40 53, Cylindrical gears for general-and heavy engineering — Standard basic rack tooth profile

190 1122-1, Vocabulary of geai~terms — Part 1: Definitions related to geometry

p—

40 1328-1, Cylindrical~gears — ISO system of flank tolerance classification — Part 1: Defini
allowable values of deviations relevant to flanks of gear teeth

190 6336-1, Calculation of load capacity of spur and helical gears — Part 1: Basic principles, intj|
ahd general inffluence factors

[0 633622y Calculation of load capacity of spur and helical gears — Part 2: Calculation of surface ¢
(nitting)

lindrical
bricated
b 60 m/s.
ivailable,

th tooth

rofiles in line with the basic rack specified in ISO 53. They are also,applicable for teeth conjugate to

reement

ith other methods for normal working pressure angles up to 259 reference helix angles up t¢ 25° and

her than

' content

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

applies.

Hions and

oduction

{urability

3 Terms, definitions, symbols and units

3.1 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 1122-1, ISO 6336-1 and

ISO 6336-2 and the following apply.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

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

— IEC Electropedia: available at http://www.electropedia.org/

© ISO 2018 - All rights reserved
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3.2 Symbols and units

The symbols used in this document are given in Table 2. The units of length metre, millimetre and
micrometre are chosen in accordance with common practice. The conversions of the units are already
included in the given formulae.

Table 2 — Symbols and units

Symbol Description Unit
a centre-distanece ee e
A ISO tolerance class according to ISO 1328-1 —‘y\(b
Bm1 thermal contact coefficient of pinion N/(nr3s05-K]
Bwm2 thermal contact coefficient of wheel ’20:5-K]
b face width o “ mm
C auxiliary constant ~f e mm
Ca1 tip relief of pinion 'c;u um
Ca2 tip relief of wheel A<\.., um
Ceff effective tip relief R \J um
M1 specific heat capacity of pinion ,i\\v J/(kg-K)
M2 specific heat capacity of wheel A{( ™ J/(kg-K)
c' maximum tooth stiffness per unit face width (single stiff@s} of a tooth pair N/(mm-pm)
Cya mean value of mesh stiffness per unit face width \\\\ N/(mm-um)
da1 tip diameter of pinion O?\V mm
da2 tip diameter of wheel \‘g\v mm
dp1 base diameter of pinion ) m@ mm
dp2 base diameter of wheel A\v mm
dw1 pitch diameter of pinion » \O mm
dw2 pitch diameter of wheel \\Q mm
dvy1 Y-circle diameter of pinion C)\‘ mm
dy>2 Y-circle diameter of whee& : mm
Er reduced modulus of e}a@\lty N/mm?2
Eq modulus of elasticj«txb‘f’pinion N/mm?2
E; modulus of ela\@'\'f of wheel N/mm?2
EAP engl of actiy, file (for driving pinion: contact point E, for driving wheel: contact .
pointA)
Fpt nomip-;\k?ansverse load in plane of action (base tangent plane) N
F¢ (r'l\oq(&él) transverse tangential load at reference cylinder per mesh N
GMm x(x(l\{t\erial parameter —
gy ~'parameter on the path of contact (distance of point Y from point A) mm
Ja length of path of contact mm
Hy load losses factor —
hy local lubricant film thickness um
Ka application factor —
Kgy helical load factor —
Kua transverse load factor —
Kup face load factor —
Ky dynamic factor —
Ky mesh load factor —

© ISO 2018 - All rights reserved
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Table 2 (continued)

Symbol Description Unit
ny rotation speed of pinion min-1
P transmitted power kw

Pet transverse base pitch on the path of contact mm
Pdyn,Y local Hertzian contact stress including the load factors K N/mm?
PHY local nominal Hertzian contact stress N/mm?
Ra effective-arithmeticmeanroughiressvalte pum
Ray arithmetic mean roughness value of pinion y\b pum
Ray arithmetic mean roughness value of wheel K um
SGEY local sliding parameter q()/ —
S safety factor against micropitting Al v —
S\, min minimum required safety factor against micropitting G‘\b‘) —
SAP start of active profile (for driving pinion: contact point A, for drivin@%el: contact o
point E) <
Ty nominal torque at the pinion (;.O\ Nm
Uy local velocity parameter k\J —
u gear ratio Ve O —
Vg Y local sliding velocity AQ\ m/s
VI viscosity index ‘\\\( —
Vr1Y local tangential velocity on pinion AS\\)' m/s
Vr2Y local tangential velocity on wheel s2(\‘0 m/s
Vs,C sum of tangential velocities at pitch E@lt" m/s
vy Y sum of tangential velocities at poigt\%" m/s
Ww material factor \O —

Wy local load parameter ,‘(-\,l‘ —

Xputy |local buttressing facto()\\ _

Xca tip relief factor ~\’ . _

XL lubricant factg()\\‘ _

XR roughness,fac%e)r —

Xs lubrica‘g'@sz%ctor —

Xy loczy\®~;haring factor —

VA e@i&ity factor (N/inm2)0,5

z1 (\?ﬁ\mber of teeth of pinion —

zz\%\ 'number of teeth of wheel —

ﬁ’g((\(‘ transverse pressure angle

ek pressure angle at the pitch cylinder °
QeB,Y pressure-viscosity coefficient at local contact temperature m2/N
apgMm pressure-viscosity coefficient at bulk temperature m2/N
asg pressure-viscosity coefficient at 38 °C m2/N
Bb base helix angle °
Emax maximum addendum contact ratio —
Ea transverse contact ratio —
Ean virtual contact ratio, transverse contact ratio of a virtual spur gear —
£ overlap ratio —
£y total contact ratio —

© ISO 2018 - All rights reserved 3
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Table 2 (continued)

Symbol Description Unit
£1 addendum contact ratio of the pinion —
) addendum contact ratio of the wheel —

N6BY dynamic viscosity at local contact temperature N-s/m?2
neM dynamic viscosity at bulk temperature N-s/m2
16oil dynamic viscosity at oil inlet/sump temperature N:s/m2
n3s dyratrteviseosttyat 3826 N-sAr2
O,y local contact temperature °C
Ony local flash temperature G
oM bulk temperature °C
Boil oil inlet/sump temperature °C
AGF,miff minimum specific lubricant film thickness in the contact area —
AGEY local specific lubricant film thickness —
AGFP permissible specific lubricant film thickness —
AGFT limiting specific lubricant film thickness of the test gears —
AM1 specific heat conductivity of pinion W/(m-K)
AM2 specific heat conductivity of wheel W/(m-K)
Um mean coefficient of friction —
VOB,Y kinematic viscosity at local contact temperature mm?2/s
VoM kinematic viscosity at bulk temperature mm?2/s
121 Poisson’s ratio of pinion —
V2 Poisson’s ratio of wheel —
V100 kinematic viscosity at 100 °C mm?2/s
V40 kinematic viscosity at 40 °C mm?2/s
PM1 density of pinion kg/m3
PM2 density of wheel kg/m3
Pn,C normal radius of relative curvature at pitch diameter mm
Pny normal radius of relative ¢urvature at point Y mm
Pty transverse radius pfirelative curvature at point Y mm
pt1Y transverse radius®f curvature of pinion at point Y mm
pt2Y transverse radius of curvature of wheel at point Y mm
POBY density ofdubricant at local contact temperature kg/m3
poM densityyof lubricant at bulk temperature kg/m3
P15 density of lubricant at 15 °C kg/m3
Subscrigts-to:symbols

v paramnteter for amny contact point Y- i the contact area for Method A amd o the patirof comntactfor
Method B; (all parameters subscript Y have to be calculated with local values)

4 Micropitting

Micropitting is a phenomenon that occurs in Hertzian type of rolling and sliding contact that operates
in mixed elastohydrodynamic or boundary lubrication regimes. Micropitting is influenced by operating
conditions such as load, speed, sliding, temperature, surface topography, specific lubricant film
thickness and chemical composition of the lubricant. Micropitting is more commonly observed on
materials with a high surface hardness.

4 © ISO 2018 - All rights reserved
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Micropitting is the generation of numerous surface cracks. The cracks grow at a shallow angle to the
surface forming micropits. The micropits are small relative to the size of the contact zone, typically of
the order 10 pm to 20 pm deep. The micropits can coalesce to produce a continuous fractured surface
which appears as a dull, matte surface during unmagnified visual inspection.

Micropitting is the preferred name for this phenomenon, but it has also been referred to as grey
staining, grey flecking, frosting and peeling, see ISO 10825.

Micropitting can arrest. However, if micropitting continues to progress, it can result in reduced gear
tooth accuracy, increased dynamic loads and noise. If it does not arrest and continues to propagate it
cdn develop into macropitting and other modes of gear failure.

5| Basic formulae

5|1 General

The calculation of micropitting load capacity is based on the local specificlubricant film thickness,
A¢ry, in the contact area and the permissible specific lubricant film thiekriess, Agpp[11l. It is pssumed
that micropitting can occur, when the minimum specific lubricant film thickness, AGg,min, is loper than
a|corresponding critical value, Agrp. Both values, AGrmin and Agppi-shall be calculated sepaifately for
plnion and wheel in the contact area. It needs to be recognized that the determination of the minimum
pecific lubricant film thickness and the permissible specific lubricant film thickness shall be pased on
thhe operating parameters.

%)

The formulae specified are applicable for driving as wellas driven cylindrical gears with tooth profiles
ir] accordance with the basic rack specified in ISO 53w They are also applicable for teeth conjugate to
other basic racks where the virtual contact ratio (gag) is less than 2,5.

The bulk temperature is established by the therimal balance of the gear unit. There are several sources
of heat in a gear unit of which the most impgrtant are tooth and bearing friction. Other sourcgs of heat
stich as seals and oilflow contribute to,some extent. At pitch line velocities in excess of 80 m/s, heat
filom the churning of oil in the mesh-and windage losses can become significant and should |pe taken
irfto consideration (see Method A)~The heat is transferred to the environment via the housing walls
b} conduction, convection and radiation and for spray lubrication conditions through the ojl into an
external heat exchanger.

With decreasing pitch line velocities, the lubricant film thickness, h, and consequently the safdty factor
against micropitting, Sy, .are decreasing. In low speed applications, wear can become the dominant
nlechanism. This hasbeen observed in experimental investigations with lubricant film thicknesses at
the pitch point hoZ%,0,1 pm. For such applications, experimental investigations according to NMethod A
of Method B under representative (test) conditions should be carried out for lubricant film thicknesses
similar to thegse at operating conditions in order to verify if micropitting still is the main mechpnism.

The micropitting load capacity can be determined by comparing the minimum specific lubrifant film
thickness with the corresponding limiting value derived from gears in service or from speg¢ific gear
tdsting. This comparison is expressed by the safety factor, S), which shall be equal to or higher than a
Illillilllulll bdftfl._y deLUl dgdillbt llliLl Ul)iLLillg, S)\‘mln.

Micropitting mainly occurs in areas of negative specific sliding. Negative specific sliding is to be found
along the path of contact between point A and C on the driving gear and between point C and E on
the driven gear. Considering the influences of lubricant, surface roughness, geometry of the gears and
operating conditions the specific lubricant film thickness, Agry, can be calculated for every point in the
field of contact.

© IS0 2018 - All rights reserved 5
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5.2 Safety factor against micropitting, S

To account for the micropitting load capacity the safety factor, S;, according to Formula (1) is defined:

A .
GF,min
GFP
where

AGF npi—min ()GFY) isthe minimum cppr‘ifir lubricant film thicknessin the contact area;
AGEY is the local specific lubricant film thickness (see 5.3);
AGFP is the permissible specific lubricant film thickness (see 5.4);
S2,min is the minimum required safety factor (see 5.5).

The minjmum specific lubricant film thickness is determined from all calculated lacal values of the
specific Jubricant film thickness, Agry, obtained by Formula (2).

5.3 Local specific lubricant film thickness, Aggy

For the determination of the safety factor, Sy, the local lubricant film thickness, hy, according to Dowson/
Higginsdnl3] in the field of contact has to be known and compared with the effective surface roughnesss:

h

Acp § =—- )

GFY = 2a ¥
where

Ra=p,5-(Ra; +Ray) ®

0,6 1707 11,-013 0,22

hy =[1 600-p,, y -G U7 Wy 013 5222 ®

where

Ra is the effective arithmetic mean roughness value;

Raj | is the arithmetictean roughness value of pinion (see ISO 6336-2);
Ray | is the arithmetic mean roughness value of wheel (see ISO 6336-2);
hy is thelocal lubricant film thickness;

pny | isthe normal radius of relative curvature at point Y (see Clause 10);

Gv  is the material parameter (see Clause 6);
Uy isthelocal velocity parameter (see Clause 7);
Wy  isthelocal load parameter (see Clause 8);

Sgry isthelocal sliding parameter (see Clause 9).

Formula (4) should be calculated in the case of Method B at the seven local points (Y) defined in 5.3 b)
using the values for pyy, Uy, Wy and Sgry that exists at each point Y. The minimum of the seven hy (Agry)
values shall be used in Formula (1).

6 © ISO 2018 - All rights reserved
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Example calculations are presented in I[SO/TR 6336-31.

a) Method A
The local specific lubricant film thickness can be determined in the complete contact area by
any appropriate gear computing program. In order to determine the local specific lubricant film
thickness, the load distribution, the influence of normal and sliding velocity with changes of
meshing phase and the actual service conditions shall be taken into consideration.
b) Method B
This method involves the assumption that the determinant local specific lubricant film-fhickness
occurs on the tooth flank in the area of negative sliding. For simplification, the calculatipn of the
local specific lubricant film thickness is limited to certain points on the path of contact| For this
purpose, the following points are surveyed:
— the lower point A and upper point E on the path of contact;
— the lower point B and upper point D of single pair tooth contact;
— the midway point AB between A and B;
— the midway point DE between D and E; and
— the pitch point C.
Furthermore, for the calculation, two cases are differentiated:
— case 1: no profile modification;
— case 2: adequate profile modification according to manufacturer's experience.
In case of profile modifications lower than adequate profile modifications, case 1 shall bg used. In
case of too high profile modifications;it is recommended to use Method A.
NPTE If the calculated film thickné€ss at pitch point h¢ < 0,1 pm, refer to the scope for discuss{on of the
potential risk of wear.
5(4 Permissible specificlubricant film thickness, Agrp
For the determination-ef.the permissible specific lubricant film thickness, Agpp, different prpcedures
are applicable.
a] Method A
For Method A, experimental investigations or service experience relating to micropitting on real
gears.are used.
Running real gears under conditions where micropitting just occurs the minimum specific jubricant
film thickness can be calculated according to 5.3 a). This value is equivalent to the limiting specific

lubricant film thickness which is used to calculate the micropitting load capacity.

Such experimental investigations can be performed on gears having the same design as the actual
gear pair. In this case, the gear manufacturing, gear accuracy, operating conditions, lubricant and
operating temperature shall be appropriate for the actual gear pair.

The cost required for this method is in general only justifiable for the development of new products
as well as for gear pairs where failure would have serious consequences.

Otherwise, the permissible specific lubricant film thickness, Agrp, can be derived from consideration
of dimensions, service conditions and performance of carefully monitored reference gears operated
with the respective lubricant. The more closely the dimensions and service conditions of the actual
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gears resemble those of the reference gears, the more effective will be the application of such values
for the purpose of design ratings or calculation checks.

b) Method B

The method adapted is validated by carrying out careful comparative studies of well-documented
histories of a number of test gears applicable to the type, quality and manufacture of gearing under
consideration. The permissible specific lubricant film thickness, Agpp, is calculated from the critical
specific lubricant film thickness, AgrT, which is the result of any standardized test method applicable
to evaluate the micropitting load capacity of lubricants or materials by means of defined test gears
ope}ited under specified test conditions. AGpT 1S a function of the temperature, oil viscosity, base gil

and pdditive chemistry and can be calculated according to Formula (2) in the contact point of'the
defimed test gears where the minimum specific lubricant film thickness is to be found and for the
test ponditions where the failure limit concerning micropitting in the standardized test'procedute
has lbeen reached.

The test gears as well as the test conditions (for example the test temperature) shall-be appropriate
for the real gears in consideration.

Any [standardized test can be used to determine the data. Where a specific'test procedure is npt
available or required, a number of internationally available standardized test methods for the
evalpation of micropitting performance of gears, lubricants and materials are currently available.
Somg widely used test procedures are the FVA-FZG-micropitting) testlZl, Flender micropitting
testlfL2], BGA-DU micropitting testl2] and the micropitting test-a€cording to [3]. Annex A provid¢s
some generalized test data (for reference only) that have beén‘produced using the test procedure
according to FVA-Information Sheet 54/7[Z] where a value for Agrp can be calculated for |a
gengdralized reference allowable using Formula A.1.

Micrjopitting load capacity is significantly influencedby additives, often more than by the viscosity.
As the effectiveness of additives depends significantly on temperature, it is recommended to tept
the ¢il at the temperature used in the application, i.e. in the range of approximately +15 K. If the
diffgrence is higher, a specific test should be-performed or an additional safety margin considergd
and [agreed between customer and manufacturer. Normally, micropitting tests are executed fat
spediific oil injection temperatures. The data from oil providers shall contain the failure load stage
SKS pnd the test temperature.

The permissible specific lubricant\film thickness, Agrp, should be determined based on experimentpl
inveptigations or service experiénce. If no such data or experiences are available, some generalizgd
data|(for reference only) are'provided in Annex B.

5.5 Rgcommendationfor the minimum safety factor against micropitting, S) min

For a given application, adequate micropitting load capacity is demonstrated by the computed value pf
Sy and bging greater‘than or equal to the value S) min, respectively.

Micropitting can'stop after a period of running or it can progress to macropitting and failure. Although
there ar¢ criteria to define micropitting failure for lubricant testing, there are no universally appligd
criteria avattabletodefire-whenrmicropittingisconsideredtobedamaging

Certain minimum values for the safety factor, which is defined in this document as the ratio of
calculated minimum specific film thickness to permissible specific film thickness [see Formula (1)],
shall be determined.

An appropriate probability of failure and corresponding safety factor shall be carefully chosen to meet
the required reliability at a justifiable cost. Depending on the reliability of the assumptions on which the
calculations are based (for example, load assumptions) and according to the reliability requirements
(consequences of occurrence), a corresponding safety factor is selected.

Where gears are produced according to a specification or a request for proposal (quotation), in which
the gear supplier is to provide gears or assembled gear drives having specified calculated capacities
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(ratings) in accordance with this document, the value of the safety factor for micropitting is to be
agreed between the parties.

In addition to the general requirements mentioned and the special requirements for specific lubricant
film thickness, the safety factor shall be chosen after careful consideration of the following influences.

If the application is critical, has strict noise requirements, or is sensitive to wear particl
lube, it may be tolerated to have no micropitting. The profile and lead modifications of
teeth should be designed using 3D contact analysis. The flank roughness should be contro
that the sum of the contact asperities is well below the oil film thickness. A higher safe

es in the
the gear
lled such
ty factor

—3

where

1 General

he material parameter) G, accounts for the influence of the reduced modulus of elasticity, Ej
pressure-viscosity.coefficient of the lubricant at bulk temperature, agwm:

corresponds to a conservative design.

If the performance of the gears can be accurately appraised through testing of the acfual u
actual load conditions, a lower safety factor and more economical manufacturing procedsi
be permissible.

If there are variations in manufacturing processes, especially variations in gear geom|
surface texture due to manufacturing tolerances, variations in alignment;or variations in
due to process variations in chemistry, cleanliness, and microstructure (material quality
treatment), a larger safety factor may be required.

hit under
ires may

etry and
material
and heat

If there is uncertainty in the gear drive application because théleads or the response of thie system

to vibration are estimated rather than measured, a larger safety factor should be used.

If there are variations in the lubrication and maintenance of the gear drive over the serv
the gears, a larger safety factor should be used.

In general industrial service, some degree of micropitting may be tolerated so long as it
progress rapidly. [f micropitting is observed, itsliould be recorded and the gearing regularly
to determine whether the pattern is growing."The lubricant may also be changed more fr
filtered to remove wear particles, or a different lubricant with higher micropitting resistz
be used. In this case, a lower safety factor may be acceptable and micropitting by itself m
considered a failure.

Material parameter, Gy

Gy =10° @iy -E,

ce life of

does not
checked
bquently,
Ince may
hy not be

, and the

(5)

E- is the reduced modulus of elasticity (see 6.2);

agM is the pressure-viscosity coefficient at bulk temperature (see 6.3).
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6.2 Reduced modulus of elasticity, E;

For mating gears of different material and modulus of elasticity, £1 and E3, the reduced modulus of
elasticity, Ey, can be determined by Formula (6). For mating gears of the same material E = E1 = E3,

Formula (7) can be used.

-1
" (1—V12 1—V22w (-
Er—L. -+ LJ)
(B E
E |
E.= > forE1=E;=FEandvi=vy=v (7
1-v

where

E1 1s the modulus of elasticity of pinion (for steel: E = 206 000 N/mm?2);
E7 1s the modulus of elasticity of wheel (for steel: E =206 000 N/mm?2);
v1 1s the Poisson’s ratio of pinion (for steel: v =0,3);

vz 1s the Poisson’s ratio of wheel (for steel: v = 0,3).

6.3 Pressure viscocity coefficient at bulk temperature, agm

If the dafa for the pressure-viscosity coefficient at bulkitemperature, agy, for the specific lubricant is
not availpble, it can be approximated using Formula (8}(see [8]):

1 1
aeM:a38{1+516[m—m]} (3)
M

where

a3g 1s the pressure-viscosity coefficient of the lubricant at 38 °C;
Om 1s the bulk temperature (See Clause 14).

If no valdes for a3g are available, they can be approximated using Formulae (9) to (11) [1I:

O35 $2,657-10-8n54**®  for mineral oil )
035 ¥1,466" 1078 .n§é0507 for PAO-based synthetic non-VI improved oil an
035 =1,392-1078 .n %72 for PAG-based synthetic oil (11)

where 13g is the dynamic viscosity of the lubricant at 38 °C.
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7 Local velocity parameter, Uy

7.1 General

The local velocity parameter, Uy, calculated with Formula (12), describes the proportional increase of
the specific lubricant film thickness with increasing dynamic viscosity, ngm, of the lubricant at bulk

temperature and sum of the tangential velocities, vy y:

Uy =ngss - Ooovif’p“ (12)
where

nem is the dynamic viscosity of the lubricant at bulk temperature (see 7.3);

vyy isthe sum of the tangential velocities at point Y (see 7.2);

Er  isthe reduced modulus of elasticity (see 6.2);

pny isthelocal normal radius of relative curvature at point Y {see’Clause 10).
7t2 Sum of tangential velocities, vy y
The sum of the tangential velocities at a mesh point Y is ealculated according to Formulae (13]) to (15).
The velocity for pinion, vy1y, and wheel, vi2y, in a certainicontact point Y on the tooth flank depends on
the diameter at pinion, dy1, and the diameter at wheel;dy 7, of point Y.

VY =VrLy tVr2y (13)
where

vrl_Y=2-ﬂ-%-%-sinawt- % (14)

\ dw1—dp1
VrZ,YZZ'ﬂ'%'ZdSV—OZO'Sinawt' /% (15)
w2 b2

Vr1y is the'tangential velocity on pinion (see Figure 1);

Vr2Y i{s'the tangential velocity on wheel (see Figure 1);

dp1 is the base diameter of pinion;

dp2 is the base diameter of wheel;

dw1 is the pitch diameter of pinion;

dw2 is the pitch diameter of wheel;

dy1 is the Y-circle diameter of pinion (see Figure 1 and Clause 10);

dyz is the Y-circle diameter of wheel (see Figure 1 and Clause 10);
© IS0 2018 - All rights reserved 11
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ni

u=

Awt

is the rotation speed of pinion;
z3/71 is the gear ratio;

is the pressure angle at the pitch cylinder.

7.3 Dynamic viscosity at bulk temperature, g

7.3.1

The dyngmic viscosity at bulk temperature, ngum, can be calculated according to Formula (16):

Nom

where

VoM

PoM

7.3.2

The kingmatic viscosity at bulk temperature, vgym, can be calcudated from the kinematic viscosity
40 °C, v4¢, and the kinematic viscosity at 100 °C, v100, on the basis.of Formulae (17) to (19). Extrapolatid
for tempprature higher than 140 °C should be confirmed by rhedasurement.

log[ Jog(vem +0,7) | = A-log(6y +273)+B (1]

where

log[log(v40 +0,7) /1og (V100 +0,7)]

General

s the kinematic viscosity of the lubricant at bulk temperature (see 7.3.2);

s the density of the lubricant at bulk temperature (see 7.3.3).

Kinematic viscosity at bulk temperature, vgy

A= 1
log(313/373) (
B=1pg|log(v4 +0,7) |- A-log(313) (1
where
OM [is the bulk tenipgerature (see Clause 14);
vao |is the Kinematic viscosity of the lubricant at 40 °C;

v100lis theKinematic viscosity of the lubricant at 100 °C.

7.3.3

-6 A
=107 VoM - Pom (1

nt

)

). e £i1lao 1ooloaas okt lasallc i .
CllDll.y Ul UIT TUulL itdiit dl vuIin chupcn dilul |, IJUIV[

If the density of the lubricant at bulk temperature, pgu, is not available, it can be approximated based on
the density of the lubricant at 15 °C according to Formula (20):

(6 +273)-288

Pem = P15 10,7 (20)

12

P15
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where

p1s is the density of the lubricant at 15 °C according to the lubricant data sheet;
Owm is the bulk temperature (see Clause 14).

If no data for p15 is available, then Formula (21) can be used for approximation of mineral oils[10]:

P1s —43;37 }us V0 +865;5 (21)

wihere vy is the kinematic viscosity of the lubricant at 40 °C.

8 Local load parameter, Wy

8l1 General

The local load parameter, Wy, can be determined using the local Hertzian contact stress, pdyny, and the
réduced modulus of elasticity, Ey, as shown in Formula (22):

2
_2'”'pdyn,Y

WY - 2 [22)
Er

where

pdyny is the local Hertzian contact stress according to Method A (see 8.2) or according tg Meth-
od B (see 8.3);

E¢ is the reduced modulus of elasticity (see 6.2).

2 Local Hertzian contact stress, pdyn,y,a, according to Method A

8

The local Hertzian contact stress, pdyn,y,a, according to Method A should be determined by mgans of a
3D mesh contact and load distribution analysis procedure. The local nominal Hertzian contdqct stress
determined from the elastic mesh contact model pyy a is applied to Formula (23) to obtain [the local
Hertzian contact stress, pdyn y,a:

Pdyn,Y,A =PayA VKa Ky (23)
where

P4 Y,A is the local nominal Hertzian contact stress, calculated with a 3D load distribution grogram;

KA IS the appiication factor (according to IS0 6336-17;
Ky,  isthe dynamic factor (according to ISO 6336-1).

NOTE Where either Kp or Ky influences are already considered in the 3D elastic mesh contact model, either
Ka or Ky (or both) should be set at 1,0 in Formula (23).
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8.3 Local Hertzian contact stress, pqyn y,8, according to Method B

8.3.1 General

The local Hertzian contact stress, pdyny,, according to Method B is calculated according to Formula (24).
The required nominal Hertzian contact stress, pyy B, is obtained by Formulae (25) and (26), see 8.3.2.
Payn,v.8 =Pys \Ka Ky Ky Kug Kyp (24)
where
puyp isthelocal nominal Hertzian contact stress (see 8.3.2);
Ka is the application factor (according to ISO 6336-1);
Ky is the mesh load factor (according to ISO 6336-1);
Ky is the dynamic factor (according to ISO 6336-1);
Kne| isthe transverse load factor (according to ISO 6336-1). Profile modifications are consid-
ered in the factor Xy, see Clause 11.
Kypg| is the face load factor (according to ISO 6336-1). Lead mbdifications are considered in
this factor.
NOTE Gears with a transverse contact ratio £, > 2 can only betcalculated according to Method A.
8.3.2 local nominal Hertzian contact stress, py yB
The loca)] nominal Hertzian contact stress, py y B, is $éd to determine the local Hertzian contact stregs,
Pdyn,y,B, {see 8.2). To take the influence of different profile modifications into account the load sharing

factor, Xj
nominal

Puy

where

, is introduced. For the calculation of‘the local nominal Hertzian contact stress, the lochl
radius of relative curvature is used

=7 Ft'XY (2.
B=ZE 7 )
b-pyy-cosay

E,
26
> n (26)

is the elasticity factor (according to ISO 6336-2);

i§ thee face width;

QA

Bb

PnY

14

is the transverse tangential load at reference cylinder;
is the load sharing factor (see Clause 11);

is the reduced modulus of elasticity (see 6.2);

is the transverse pressure angle;

is the base helix angle;

is the local normal radius of relative curvature (see Clause 10).
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9 Local sliding parameter, Sgry

9.1 General

The local sliding parameter, Sgry [see Formula (27)], accounts for the influence of local sliding on the
local temperature. This temperature influences both the local pressure-viscosity coefficient and the
local dynamic viscosity and hence the local lubricant film thicknesslél. The local contact temperature,

OBy, is the sum of the local flash temperature, 6f}y, and the bulk temperature, 6.

OL

n
S —o"OB,Y "10B,Y
GF)Y —

where

appy isthe pressure-viscosity coefficient at local contact temperature (see9:2);
nesy isthe dynamic viscosity at local contact temperature (see 9.3);
agm  isthe pressure-viscosity coefficient at bulk temperature (seg 6.3);

nem  isthe dynamic viscosity at bulk temperature (see 7.3),

912 Pressure viscosity coefficient at local contact temperature, agpy

Ifl the data for the pressure-viscosity coefficient at lo¢al contact temperature, agpy, for the
Iybricant is not available, it can be approximated by Formula (28) (see [8]):

1 1
o =035 | 1+516- -
oY 38[ [03‘Y+273 311H

where

azg is the pressure-viscosity coefficient of the lubricant at 38 °C (see also 6.3);

Opy isthelocal contacttemperature (see Clause 12).
9(3 Dynamic viscosity at local contact temperature, gy

913.1 General

The dynamieyiscosity at local contact temperature, nggyy, is determined by Formula (29):

W _¢
Negy.=10 " Vgpy - PeBY

wihdaga
vwirrere

veB,y is the kinematic viscosity at local contact temperature (see 9.3.2);

peB,y isthe density of the lubricant at local contact temperature (see 9.3.3).
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9.3.2 Kinematic viscosity at local contact temperature, vopy

The kine
viscosity

matic viscosity at local contact temperature, vggpy, can be calculated from the kinematic
at 40 °C, v40, and the kinematic viscosity at 100 °C, vigg, on the basis of Formula (30).

Extrapolation for temperature higher than 140 °C should be confirmed by measurement.

log[l

where

og(vep,y +0,7) |=A-log(05 y +273)+B (30)

A

B
OBy
V40

V100

9.3.3 DPensity of the lubricant at local contact temperature, pggpy

If the deqsity of the lubricant at local contact temperature, pgp)y, is ndt/available, it can be approximatgqd

based on

PeBy =P15°|1-0,7 (3P
P1s
where
p1s | is the density of the lubricant at 15 °G.according to the lubricant data sheet (see also 7.3.3);

OBy

10 Defjnition of contact point'Y on the path of contact

Contact
contact [
path of c
a certain

Accordin

is determined according to Formula (18);

is determined according to Formula (19);

is the local contact temperature (see Clause 12);
is the kinematic viscosity of the lubricant at 40 °C;

is the kinematic viscosity of the lubricant at 100 °C.

the density of the lubricant at 15 °C according to Formula(31):

(6, +273)-288

is the local contact temperature\(see Clause 12).

—

point Y is located between the SAP (for driving pinion: contact point A, for driving wheg
oint E) and EAP (for,driving pinion: contact point E, for driving wheel: contact point A) on the
bntact accordingte Figure 1. It describes the actual contact point between pinion and wheel |n
meshing position, gy.

g to 5.37Method B, the calculation shall be done for the following contact points, using

Formulag (32) te{38):
Y=
A gy=g,=0mm the lower point on the path of contact (32)
AB gy =gap =(9¢ —Pet )/ 2 the midway point between A and B (33)
B gy=95=9y Pet the lower point of single pair tooth contact (34)
d d%  dp
C gy=gc =%-tano¢wt - Zl —% +9, thepitch point (35)
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D gy =9p=Pet the upper point of single pair tooth contact  (36)
DE gy =9gpg = (ga —Det )/2+pet the midway point between D and E (37)
E gy=9g=9, the upper point on the contact path (38)

0,

Figure 1 — Definition of contact point Y on the line of action
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The Y-circle diameter of pinion, dyq, and wheel, dy, are dependent on the location contact point Y on

the path of contact, gy, and can be calculated according to Formulae (39) and (40):
2 2 2 5
dp1 | [da1  db1
dyq =2 al - -Gyt 39
Y1 4 4 a4 JaTOy (39)
2 2 2 2
d d d
dy, =2-, |22 4] || 2202 _QYW (40)
7F & 7T J
where
da1 1s the tip diameter of pinion (see Figure 1);
da2 1s the tip diameter of wheel (see Figure 1);
dp1 1s the base diameter of pinion (see Figure 1);
dp2 1s the base diameter of wheel (see Figure 1);
gy s the parameter on the path of contact (see Figure 1);
Ja 1s the length of path of contact (see Figure 1).
The tranpverse radius of relative curvature, pty, can be determined according to Formulae (41) and (42):
Pt1y P2y
poy L Pz “p
Pt1y T P2y
where
deZM 2—di1,
Pridy=\—" 5, (4%)
4
pt12ly  is the transverse radius of curvature of pinion/ wheel at point Y (see Figure 1);
dp1,2 is the base diameter of pinion/ wheel (see Figure 1);
dvy1,7 is the Y-circle,diameter of pinion/ wheel (see above and Figure 1).
The noral radius of'relative curvature, pyy, can be calculated according to Formula (43):
Ptx
Pny|= (43)
e0sPy,
where
pry Isthe transverse relative radius of curvature [see Formula (41)];
Bvb  is the base helix angle.

18
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1 Load sharing factor, Xy

11.1 General

The load sharing factor, Xy, accounts for the load sharing of succeeding pairs of meshing teeth. The
load sharing factor is presented as a function of the linear parameter, gy, on the path of contactl4] [see
Formulae (44) to (59)].

Due to inaccuracies, a preceding pair of meshing teeth can cause an instantaneous increase or decrease

o

used by

i1
(f
t(q

T
(oF

b

1
T
d
p
fl

the theoreticalload ch:\ring Far‘fnr, indnpnnr‘lnnf of the instantanecus-increaseordecreasec

accuracies of a succeeding pair of meshing teeth at a later time. The value of Xy does not#j
pr cylindrical gears), which means full transverse single tooth contact. The region of transve
oth contact can be extended by an irregularly varying location of a dynamic load.

he load sharing factor, Xy, depends on the type of gear transmission and on the profile modifi
ise of buttressing of helical teeth (no profile modification), the load sharing factor is combing
Lttressing factor, Xpyt y[41.

1.2 Spur gears with unmodified profiles
he load sharing factor for a spur gear with unmodified profile dssconventionally supposed {
scontinuous trapezoidal shape (see Figure 2). However, due to)manufacturing inaccuracies
hth of double contact the load sharing factor will increase forprotruding flanks and decrease
hnks. The representative load sharing factor is an envelope-of possible curves (see Figure 3).
1
2/3 | | A<7
f |
| |
173 | |
| |
| |
| | | |
A AB B D DE E

Figure 2 — Load sharing factor for cylindrical spur gears with unmodified profiles
tolerance class <7

A=8

cceed 1,0
se single

ration. In
bd with a

o have a
, in each
for other

and

|
|

|

|

|

| !

A AB B

|
|
|
|
|
|
D DE E

Figure 3 — Load sharing factor for cylindrical spur gears with unmodified profiles
tolerance class = 8

=t forga<gy<gs
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Xy=1,0 forge<gy<gp (45)

XY:

where

A—2+1.ga -9gy
15 3 g4-9p

for gp <gy < gE (46)

A =7 fortolerance class < 7;

A

11.3 Spur gears with profile modification

For load
wheel, s¢

Figure

Xy 49 forgas<gy<gp (47)
9B
Xy 41,0 for gg < gy.= gp (48)
X\FM forgp < gy < gk (49)
go( - gD
For load fharing factgp.fer cylindrical spur gears with adequate profile modifications on the addendum
of the wljeel and/or\the dedendum of the pinion, see Figure 5.
1
|
2/3 |

is equal to the tolerance class for class = 8.

sharing factor for cylindrical spur gears with adequate profile modification(n ‘pinion and
e Figure 4.

I I
I I
I I
I I
I I
I I
I I
I I
I I
I I
I I
| |
B D

A AB

4 — Load sharing factor for cylindrical spur gears with adequate profile modification

1/2

1/3

|
| |
| |
| |
| |
| |
| |
| |
| |
A AB B D DE E

Figure 5 — Load sharing factor for cylindrical spur gears with adequate profile modification on

20

the addendum of the wheel and/or the dedendum of the pinion
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O T

=y

Xy 9y for ga < gy <gaB (50)
9B

XY=1+1-‘9—Y for gap <gy <gB (51)
3 3 g

Xy=1,0 for gg <gy <gp (52)

Xy =22~ for gp < gy < gpE (53)
9o~ 9D

Xy =2+t JaZIY for gpE < gy < g (54)
3 3 94-9p

1/3

1

br load sharing factor for cylindrical spur gears with adequate profile modifications on the adldendum
[ the pinion and/or the dedendum of the wheel, see Figure 6.

A

|
|
|
|
|
|
|
|
I
|
|
B

|
|
[
|
|
|
|
D

figure 6 — Load sharing factor for cylindrical spur gears with adequate profile modification on
the addendum of the pinion and/or the dedendum of the wheel

Xy __+1.9_Y for ga < gy <gasB (55)
9B
Xy =§_Y for gaB < gy < gB (56)
B

Xy=1,0 for gs <gy <gp (57)

XY:1+1'M fOI‘gD<gYS.gDE (58)
3 3 Jdo — 9D

Xy =20 9% for gpe < gy < gE (59)
Jdo — 9D

11.4 Local buttressing factor, Xpyty

Helical gears can have a buttressing effect near the end points A and E of the path of contact, due to the
oblique contact lines. This applies to cylindrical helical gears with no profile modification.
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Xbut,A Xbut,E

Figure 7 — Local buttressing factor, Xputy

The but{ressing is expressed by means of a factor Xpyty (see Figure 7), marked Byythe values |n
Formulag (60) to (66):

gauF9a =9g —9gey =C - sinfp 60)
where
ga F0mm;

JE ¥ Ja (see Figure 1).

Xputla :Xbut'E =1,3 ifep>1,0 61)

Xput)a =Xpur,g =1+0,3-£5 ifeg<1,0 (62)

Xputjau = Xput,gy =1,0 (63)

)

Xputy =Xbut,a _ﬁ'(Xbut,A ~1) for ga < gy <gau 64)
-sin By,

Xpuely =1,0 for gau < gy < gru (6%)

o9 A

Xput)y = Xput E _ﬁ'(xbut,E -1) for geu < gy < gk (66)

-sin fy,
where
C #0,2'mm;

gp is the overlap ratio.

11.5 Helical gears with £g < 0,8 and unmodified profiles

Helical gears with a transverse contact ratio £ > 1 and overlap ratio &g < 0,8, have poor single contact of
tooth pairs. Hence, they can be treated similar to spur gears, considering the geometry in the transverse
plane, as well as the buttressing effect (see Figure 8).
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profiles, including the buttressing effect

The load sharing factor is obtained by multiplying the Xy in 11.2 with the buttressing factor, Xput

[y

1.6 Helical gears with £g < 0,8 and profile modification

Helical gears with a transverse contact ratio £ > 1 and overlap ratio &< 0,8, have poor single g
goth pairs. Hence, they can be treated similar to spur gears, considering the geometry in the tr
ane (see Figures 9 to 11).

T o

| J
| |
| |
| |
| |
| |
| |
| |
| |
[ |
| |
| |
B D

A AB

Figure 9 — Load sharing factor for cylindrical helical gears with &g < 0,8 and adequate
modification

Figure 8 — Load sharing factor of cylindrical helical gears with £g < 0,8 and unmodified

v, in 11.4.

ontact of
ansverse

profile

I
I
I
I
I
I
I
I
I
I
|
D

Figure 10 — Load sharing factor for cylindrical helical gears with g < 0,8 and adequate profile

modification on the addendum of the wheel and/or the dedendum of the pinion
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Figure

The load

11.7 He

The butt
with &g 3
length, w
and Figu

Figuy

11 — Load sharing factor for cylindrical helical gears with £g < 0,8 and adequate profil
modification on the addendum of the pinion and/or the dedendum of the wheel

sharing factor is obtained by multiplying the Xy in 11.3 with the buttressing factot, Xput,y, in 11,

lical gears with £g = 1,2 and unmodified profiles

1and eg 2 1,2, is assumed to act near the ends A and E along the Helix teeth over a consta

re 7).

\ /

e 12 — Load sharing facter:for cylindrical helical gears with £g = 1,2 and unmodified
profiles

As showt in Formula (67), th&load sharing factor is obtained by multiplying the value 1/¢eq, representiy

the mear
XY =

where &g

load, with thebubtressing factor, Xputy:

1
—. X 6
£, but’;¥ (

isthe transverse contact ratio.

ressing effect of local high mesh stiffness at the end of oblique contact lines for helical gear

hich corresponds to a transverse relative distance 0,2 mm - sinf}, (see Figure 12; see also 11|3

11

=

18

)

11.8 Helical gears with £g 2 1,2 and profile modification

Tip relief on the pinion (respectively wheel) reduces Xy in the range DE-E (respectively A-AB) and
increases Xy in the range AB-DE [see Figures 13 to 15 and Formulae (68) to (76]]. The extensions of
tip relief at both ends A-AB and DE-E of the path of contact are assumed to be equal and to result in a
contact ratio g4 = 1 for unloaded gears (see Figure 13).
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| |
B D

AB DE E

Figure 13 — Load sharing factor for cylindrical helical gears with £g 2 1,2 and adequat¢
modification

e, —1
Xy=| Lo (ea=1) | 9y for ga < gy <gas
€y €q-(eq+1)| 9B
e, —1
XY=L+ (2o =1) for gas < gy < gpE
€y €o-(Eq+1)
£y—1 -
XYZL. (ea —1) o "Gy for gpe < gy S gk
€a goc'(goc+1) Yo ~Y9DE
/
| |
| |
| |
| |
| |
| |
| |
| | | | | |
A AU AB B D DE EU E

Figure 14 — Load sharingfactor for cylindrical helical gears with ¢g > 1,2 and adequate
modificationen the addendum of the wheel and/or the dedendum of the pinion

1 (8(x_1) 9y
Xy =| — . fi <gy<
Y La 2:€5 (g +1) | 9an Or A =gy = gaB
1 (goc_l)
XY= fi <
Y €a+2'€a'(€a+1) Or gAB < gy < gEU

for ggu <gy < ge
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Figure 15 — Load sharing factor for cylindrical helical gears with £g 2 1,2 and adequate profil

-1
XY: LL 'XbutY forgASgYsgAU (741’)
Eq 2:€q (84+1) ’
1 (goc_l) 3
Xod—4 2+ 7 fi < 7!
Y 8a+2-8a'(3a+1) Or AU < gy < gDE (7%)

11.9 Hg

Due to the fact that gears are not infinitely stiff, the overlap ratio changes depending on the load. ']

take this
between
modified
profiles)

Xy (

12 Loc

The locq
tempera
result of
the local

For simplification, the bulk temperature, 8y, is assumed as constant.

_{i. (86, -1) :|g(x_gY

modification on the addendum of the pinion and/or the dedendum of the wheel

€q 2:€q(€0+1) |9o —9DE

lical gears with 0,8 <eg < 1,2

into account, for helical gears with calculateg overlap ratios of 0,8 < g < 1,2, an interpolatig
the load sharing factor Xy(eg = 0,8) for gg\= 0,8 (see 11.5 for unmodified profiles or 11.6 f
profiles) and Xy(eg = 1,2) for eg = 1,2 (see 11.7 for unmodified profiles or 11.8 for modifig
shall be performed. For helical gearswith 0,8 < eg < 1,2, Xy is calculated with Formula (77):

1,2—-¢ eB—O,S

0,4

o )= Xy (£5=0.8): Py Xy (ep=1,2)

al contact temperature, Ogy

| contact temperature, Opy, calculated with Formula (78), is defined as the sum of bu
ure Oy and Jocal flash temperature, 6y (see also ISO/TS 6336-20 and ISO/TS 6336-21). As
friction in the tooth mesh, the flash temperature, 6f)y, varies along the path of contact. Heng
flash temperature, 6fy, shall be determined for every desired point Y in the field of contag

:GM +9ﬂY (7

OB,Y

where

OfLy

Om

is the local flash temperature (see Clause 13);

is the bulk temperature (see Clause 14).

13 Local flash temperature, Oy y

14

for gpE < gy < g (76)

’7)

SR

o« 0P

The local flash temperature, 6fy, of the gear flanks is rapidly fluctuating in contact. In every mesh
position, different rolling and sliding conditions occur. Furthermore, the local contact load varies along
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the path of contact. These conditions cause a continuous variation of the flash temperature which can
be calculated according to Blok[13] by Formulae (79) to (82).

6
0 \/7? Hm *Pdyn,Y -10 "Vg,Y‘ \/8 P pdyn,Y (79)
ﬂ,Y = : : Il,Y ’
2 By Vely TBmz \Vr2y 1000-E,
where
Ve, Yy =Vr1y ~Vr2)y o)

Bym1 =vPm1cM1AM1 (81)
Byo =+/PM2 CM2 Amz (82)

Vg Y is the local sliding velocity;

BMm1  isthe thermal contact coefficient of pinion (see Table 3);

BM2  is the thermal contact coefficient of wheel (see Table 3);

Um is the mean coefficient of friction (see 14.2);

pdyny is the local Hertzian contact stress (see 8.2 and*8.3);

vr1y  isthelocal tangential velocity on pinionfsee 7.2);

vr2y  isthelocal tangential velocity on wheel (see 7.2);

pny  isthelocal normal radius of relative curvature (see Clause 10);

Ey is the reduced modulus of'élasticity (see 6.2).

Table 3 — Material properties of steel

Dernsity Specific heat capacity Specific heat conductivity
Material M M AM
kg/m3 J/(kgK) W/(m-K)
Steel 7 800 440 45

14 Bulk temperature, 6

14.1. General

Thedbulk fnmparafnrn’ F)M, isthe nqnlhhrnlm fﬂmpnr:\fnrﬁ of the surface of the gear teeth before they

enter the contact zone. The bulk temperature, 0y, should be measured or calculated by an adequate
method. If this is not possible, 8 can be approximated according to Formulae (83) and (84) (see [9]).

0,72
P, -H, V? X
Oy =0,y +7 400 —Fm v | 7S (83)
a-b 1,2 Xg,
where
i T
p=p.A.1 11 (84)
60 1000
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(8%)

(86)

P is the transmitted power;

a is the centre distance;

b is the face width;

6oi1 is the lubricant inlet or oil sump temperature;

Om  is the mean coefficient of friction (see 14.2);

Hy [ istheloadlosses factor (see 14.3];

Xca | is the tip relief factor (see 14.4);

Xs | isthe lubrication factor (see 14.5);

n1 is the rotational speed of pinion;

T1 | isthe nominal torque at the pinion.
NOTE If the calculated pitch line velocity exceeds 80 m/s, refer to the scope.
14.2 Me¢an coefficient of friction,
The meah coefficient of friction, pty, depends on the gear geometry;the surface roughness, the tangentipl
velocity, |the tangential load and the dynamic viscosity of the lubricant. It can be approximated by
Formulag (85) and (86):

[KA Ky Kyt -Kug For Kpy )~ [ 0,05
iy, 40,045 (103090 ) Xg Xy
b-vsc-Pnc
where
0,25
Xpg 3 2,2.( ka ]
Pnc

XRr | istheroughness factor according to ISO/TS 6336-21;

b is the face width;

Fpt | isthe nominaltransverse load in plane of action;

Ka | isthe application factor (according to ISO 6336-1);

Kgy | is¢he€helical load factor (see below);

KHo —i5the-transverseloadfactorfaceordingto156-6336-13:

Kyp is the face load factor (according to ISO 6336-1);

Ky  isthe dynamic factor (according to ISO 6336-1);

vy,c isthe sum of the tangential velocities at the pitch point (see 7.2);

Neoil is the dynamic viscosity at inlet or oil sump temperature;
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pn,c isthe normal radius of relative curvature at the pitch diameter;
Ra isthe effective arithmetic mean roughness value (see 5.3);

X1, isthelubricant factor (see Table 4).

The helical load factor, Kgy, calculated with Formulae (87) to (89), takes into account an increasing
friction for increasing total contact ratio (see Figure 16)

KY
14
1,35

1,3 —

1,25 e
1,2 /

1,15 /
1,1
1,05 /

1

0

Kpy
&| total contact ratio

Figure 16 — Helical load factor, Kgy

Kgy=1,0 ife, <2 (87)
KBY=1+0,2'\/(8Y—2)~(5—8Y) if2<ey<3,5 (88)
Kgy=1,3 ife, >3,5 (89)

Table 4 — Lubricant factor, X1,

0il type XL
Mineral oil 1,0
Polyalfaolefin 0,8
Non water-soluble polyglycols 0,7
Water-soluble polyglycols 0,6
Traction fluid 1,5
Phosphate ester 1,3
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14.3 Load losses factor, H,

The load losses factor, Hy, is calculated according to Formulae (90) and (91):

HV=(812+822+1—sa)-(i+%}c0:ﬂb ifeq <2 (90)
H, =056, | it |7 if eq 2 2 91)
zy zp | cospfy

where

z1 1s the number of teeth of pinion;

z7 1s the number of teeth of wheel;

Bb 1s the base helix angle

€1 1s the addendum contact ratio of the pinion;
g2 1s the addendum contact ratio of the wheel;

Ea 1S the transverse contact ratio.

14.4 Tip relief factor, Xc,

The elastic deformation of the meshing teeth results in overload on the tip in the area of high slidinig.
The tip 1felief factor, Xc,, according to Figure 17 and Figure 18, considers the positive influence of the
profile njodification on this overload.

The tip 1felief factor applies to gears of ISO tolerance class <6, in accordance with ISO 1328-1. For le§s
accuratelgears, Xc, is to be set at 1 (see also [ISO'6336-1).

XCa
R P /
2 C,/Cqh=1 1A
Ca I’ /// ///
18 1 /10,75
/‘/ 7 =
1,6 | e o -
| /‘/ o //
1,4 i T
4 |~ 0,25 //
L~ — —
12 T ]
/C// |
1
0 0,2 0,4 0,6 0,8 1 1,2 €.«
Key
1 upper point of single pair tooth contact

€max greater value of €1 and g3

Figure 17 — Tip relief factor, Xc,, according to method A
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