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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 matters of
electrotechnical standardization.
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Introduction

This part of ISO/TR 15144 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 specificlubricant film thickness in the contact zone. There are many influence parameters such
as surface topology, contact stress level, and lubricant chemistry. While these parameters are known to
affect the performance of micropitting for a gear set, the subject area remains a topic of research and, as

sfich, tThe science has not yet developed to allow these speciiic parameters to be included direc
cglculation methods. Furthermore, the correct application of tip and root relief (involute mod
hhs been found to greatly influence micropitting; the suitable values should therefore be applied
finish is another crucial parameter. At present, Ra is used but other aspects such as Rzior.skew]

b

A
a

(%]

|

ben observed to have significant effects which could be reflected in the finishing process app

[though the calculation of specific lubricant film thickness does not provide' a direct me
bsessing micropitting load capacity, it can serve as an evaluation criterion when applied as
hitable comparative procedure based on known gear performance.

ly in the
fication)
.Surface
ess have
ied.
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TECHNICAL REPORT ISO/TR 15144-1:2014(E)

Calculation of micropitting load capacity of cylindrical
spur and helical gears —

Part 1:
Introduction and basic prin(‘ipleq

Scope

his part of ISO/TR 15144 describes a procedure for the calculation of the micropitting load ca
Flindrical gears with external teeth. It has been developed on the basis of testing and obser
l-lubricated gear transmissions with modules between 3 mm and 11 mm and pitch line vel
m/s to 60 m/s. However, the procedure is applicable to any gear pair whete-suitable referencs
Failable, provided the criteria specified below are satisfied.

B 0O .0 ] jm

= 3

1} accordance with the basic rack specified in ISO 53. They are-also applicable for teeth con
ther basic racks where the virtual contact ratio is less than g4;y=2,5. The results are in good ag
ith other methods for normal working pressure angles up'to 25° reference helix angles up to
1] cases where pitch line velocity is higher than 2 m/s.

= < O

—

his part of ISO/TR 15144 is not applicable for the assessment of types of gear tooth surface
ther than micropitting.

o

[\

Normative references

—3

he following documents, in whole or.in part, are normatively referenced in this document
jdispensable for its application, For dated references, only the edition cited applies. For
r¢ferences, the latest edition of thereferenced document (including any amendments) applies.

—

[

§0 53, Cylindrical gears for,general and heavy engineering — Standard basic rack tooth profile

et

§0 1122-1, Vocabulary.of'gear terms — Part 1: Definitions related to geometry

190 1328-1, Cylindrical gears — 1SO system of flank tolerance classification — Part 1: Definit
lowable values-of deviations relevant to flanks of gear teeth

)

[0 6336-1, Calculation of load capacity of spur and helical gears — Part 1: Basic principles, intH
nd general influence factors

o

130 6336-2, Calculation of load capacity of spur and helical gears — Part 2: Calculation of surface g
(pitting)

pacity of
vation of
bcities of
data are

he formulae specified are applicable for driving, as well as for drivencylindrical gears with tooth profiles

ugate to
reement
25° and

damage

and are
undated

ions and

oduction

lurability

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

[SO 6336-2 apply.
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3.2 Symbols and units

The symbols used in ISO/TR 15144 are given in Table 1. 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 equations.

Table 1 — Symbols and units

Symbol Description Unit

a CCIILC Liibl.d[ll.e ITIITT N
BwMm1 thermal contact coefficient of pinion N/(m-50(5\'1(\)x
Bwm2 thermal contact coefficient of wheel N/ [I;{l:gQ)?K)
b face width mr

Ca1 tip relief of pinion P ?\\a&'n

Ca2 tip relief of wheel . '\v') um

Ceff effective tip relief &%‘ um

cM1 specific heat per unit mass of pinion ,-O\ ]/ (kg-K)

cM2 specific heat per unit mass of wheel k\‘f) J/(kg-K)

c’ maximum tooth stiffness per unit face width (single stiffnesskgf(;)t‘ooth pair N/(mm-um)
Cya mean value of mesh stiffness per unit face width OQ\ N/(mm-pm)
da1 tip diameter of pinion \\\\ mm

da2 tip diameter of wheel o?\\) mm

dp1 base diameter of pinion ) \\S\v mm

dp2 base diameter of wheel . 0§\ mm

dw1 pitch diameter of pinion ,-\A\ mm

dw2 pitch diameter of wheel \L\'V mm

dy1 Y-circle diameter of pinion ,.:\\O\ mm

dy? Y-circle diameter of wheel L V mm

Er reduced modulus of ela%@} N/mm?2

E1 modulus of elasticity @\T;lion N/mm?2

E2 modulus of elast@\%)c;f wheel N/mm?2

Fpt nominal trap\@gle load in plane of action (base tangent plane) N

Fy (nominal sverse tangential load at reference cylinder per mesh N

GMm matg@%rameter —

gy p@\e/ter on the path of contact (distance of point Y from point A) mm

Ja c‘jbégth of path of contact mm

Hy “Hoadossesfactor —

hy local lubricant film thickness pm

Ka application factor —

KHa transverse load factor —

Kyp face load factor —

Ky dynamic factor —

ni rotation speed of pinion min-1

P transmitted power kW

Det transverse base pitch on the path of contact mm

2 © ISO 2014 - All rights reserved
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Table 1 (continued)

Symbol Description Unit
PdynY local Hertzian contact stress including the load factors K N/mm?2
PH,Y local nominal Hertzian contact stress N/mm?2
Ra effective arithmetic mean roughness value pum
Rai arithmetic mean roughness value of pinion pum
Rap arithmetic mean roughness value of wheel pum
SGEyY local sliding parameter — N

)
N safety factor against micropitting n%\
Sh, min minimum required safety factor against micropitting t\ of—

7
T nominal torque at the pinion ‘\P‘ Nm
Uy local velocity parameter ‘Q;\ —
U gear ratio O o —
- : /\\
vk Y local sliding velocity ~\ m/s
VI viscosity improver . \J —
. . L. NT
V1Y local tangential velocity on pinion é\ m/s
Vie2Y local tangential velocity on wheel /\Q m/s
VE,C sum of tangential velocities at pitch point . QV m/s
VY sum of tangential velocities at point Y &\§\ m/s
N
Ww material factor \\AQ) —
Wy local load parameter \A\ —
>
Abut,y local buttressing factor ‘\Q) —
~3
Aca tip relief factor \Q —
AL lubricant factor (-\jr —
X
)sIR roughness factor C)\ —
XAs lubrication factor(\\ . —
Ay local load shal;j.t@\actor —
Vi elasticity f?q(}r) (N/mm2)0,5
N .
Vil numbg{\®eeth of pinion —
zp nul(b";)ofteeth of wheel —
A
At ggﬁverse pressure angle °
Awt .§X}ressure angle at the pitch cylinder °
doB,y¢ N pressure-viscosity coefficient at local contact temperature m2/N
N

do 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 —
gy total contact ratio —
€1 addendum contact ratio of the pinion —
L) addendum contact ratio of the wheel —

© ISO 2014 - All rights reserved 3
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Table 1 (continued)

Symbol Description Unit
N6B,Y dynamic viscosity at local contact temperature N-s/m?2
nem dynamic viscosity at bulk temperature N-s/m?2
N0oil dynamic viscosity at oil inlet/sump temperature N-s/m?2
138 dynamic viscosity at 38 °C N-s/m?2
OB,y local contact temperature °C
Ony local flash temperature °C
oM bulk temperature °C
Boil oil inlet/sump temperature °C
AGF.min 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 —
AMm1 specific heat conductivity of pinion W/(m-K)
AM2 specific heat conductivity of wheel W/(m-K)
Um mean coefficient of friction —
VOBY kinematic viscosity at local contact temperature mm?2/s
VoM kinematic viscosity at bulk temperature mm?2/s
V1 Poisson’s ratio of pinion —
\Z) 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 curvature at pointY mm
Pty transverse radius ofrelative curvature at point Y mm
ptLyY transverse radiusof curvature of pinion at point Y mm
P2y transverse radius of curvature of wheel at point Y mm
POBY density ffubricant at local contact temperature kg/m3
PoM density/of lubricant at bulk temperature kg/m3
P15 density of lubricant at 15 °C kg/m3
Subscripts-to symbols
v Parameter for any contact point Y in the contact area for meth_od A and on the path of contact for
method B; (all parameters subscript Y have to be calculated with local values)

4 Definition of micropitting

Micropitting is a phenomenon that occurs in Hertzian type of rolling and sliding contact that operates in
elastohydrodynamic or boundarylubrication regimes. Micropittingis 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 2014 - 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-20 um 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
grey flecking, frosting, and peeling. [llustrations of micropitting can be found in ISO 10825.

Micropitting can arrest. However, if micropitting continues to progress, it can result in redu

staining,

ced gear

tooth accuracy, increased dynamic loads, and noise. If it does not arrest and continues to propagate, it

cqn develop Into macropitting and other modes of gear failure.

Basic formulae

5{1 General

The calculation of micropitting load capacity is based on the local specific lubricant film
A¢ry in the contact area and the permissible specific lubricant film thickness Agpp.[10] It is

tlhat micropitting can occur when the minimum specific lubricant filng thickness Agp,min is low
cprresponding critical value Agrp. Both values Agrmin and Aggp shalldbe calculated separately fi
and wheel in the contact area. It has to be recognized that the détermination of the minimuny
Iybricant film thickness and the permissible specific lubricant fitlm thickness have to be base
operating parameters.

The micropitting load capacity can be determined by ¢emparing the minimum specific lubri
thickness with the corresponding limiting value derived from gears in service or from sped
te¢sting. This comparison will be expressed by the safety factor S) which shall be equal or high|
inimum safety factor against micropitting Sy min:

nj
Micropitting mainly occurs in areas of negative specific sliding. Negative specific sliding is to
along the path of contact (see Figure 1) between points A and C on the driving gear and between
ahd E on the driven gear. Consideringithe influences of lubricant, surface roughness, geomet
gears, and operating conditions, thespecific lubricant film thickness Aggy can be calculated
ppint in the field of contact.

(9]}

L2 Safety factor against micropitting, S)

=

b account for the mictopitting load capacity, the safety factor S) according to Formula (1) is d

A .
GF, min
S/l = 1 2S)»,min
GFR

where

AeFmin = min (Agry)  is the minimum specific lubricant film thickness in the contact are

hickness
assumed
er than a
br pinion
specific
d on the

rant film
ific gear
er than a

be found
points C
ry of the
for every

pfined.

)

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 minimum specific lubricant film thickness is determined from all calculated local values of the

specific lubricant film thickness Agry obtained by Formula (2).

© IS0 2014 - All rights reserved
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5.3 Local specific lubricant film thickness, Aggy

For the determination of the safety factor S;, the local lubricant film thickness hy according to
Dowson/Higginsonl2] in the field of contact has to be known and compared with the effective surface
roughness.

AGEY

where

hy

- (2)

Ra

Ra=

hY:

SGEY

Formula
using thg
values sh

Example]
a) Met
The
any
thicl

phag

,5-(Ra; +Ra,) (

1600-p,y Gm% .UyO7 Wy 013 sy 022 '

is the effective arithmetic mean roughness value;

is the arithmetic mean roughness value of pinion (compare ISO 6336-2);

is the arithmetic mean roughness value of wheel (compare ISO 6336-2);

is the local lubricant film thickness;

is the normal radius of relative curvature at point Y (seelClause 10);

is the material parameter (see Clause 6);

is the local velocity parameter (see Clause 7);

is the local load parameter (see Clause 8);

is the local sliding parameter (see Clause 9).

(4) should be calculated in the caSe of Method B at the seven local points (Y) defined in 5.3 |

values for ppy, Uy, Wy, andSgky that exists at each point Y. The minimum of the seven hy (Agr)
all be used in Formula (1).

calculations are presented in ISO/TR 15144-2.
hod A

local specifi¢ lubricant film thickness can be determined in the complete contact area I
hppropridate gear computing program. In order to determine the local specific lubricant fil
kness, theload distribution, the influence of normal and sliding velocity with changes of meshir
e, and the actual service conditions shall be taken into consideration.

$)

)

)
/)

m
g

od PR
\° o

b) Met

I yv

This method involves the assumption that the determinant local specific lubricant film thickness
occurs on the tooth flank in the area of negative sliding. For simplification, the calculation of the
local specific lubricant film thickness is limited to certain points on the path of contact. For this
purpose, 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, as well as the pitch point C, are surveyed. Furthermore, for the calculation, two
cases are differentiated: case 1 - no profile modification, case 2 - adequate profile modification
according to manufacturers’ experience. In case of profile modifications, lower than adequate profile
modifications, case 1 has to be used. In case of too high profile modifications it is recommended to
use Method A.

© ISO 2014 - All rights reserved
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5.4 Permissible specific lubricant film thickness, Agrp

For the determination of the permissible specific lubricant film thickness Agpp, different procedures are
applicable.

a) Method A

For Method A, experimental investigations or service experience relating to micropitting on real gears
are used.

5€ : ; : 33 ; R ubricant
film thlckness can be calculated accordmg to 5.3 a). Thls Value is equlvalent to the limiting specific
Iybricant film thickness which is used to calculate the micropitting load capacity.

Stich experimental investigations can be performed on gears having the same design as the acfual gear
phir. In this case, the gear manufacturing, gear accuracy, operating conditions, lubric¢ant, and dperating
temperature have to be appropriate for the actual gear box.

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

Otherwise, the permissible specific lubricant film thickness Agrp cdmbe derived from considgration of
djmensions, service conditions, and performance of carefully mofiitored reference gears operdted with
the respective lubricant. The more closely the dimensions and ‘service conditions of the actfial gears
¢semble those of the reference gears, the more effective will be the application of such valugs for the
irpose of design ratings or calculation checks.

—

Method B

stories of a number of test gears applicable;to the type, quality, and manufacture of gearihg under
pnsideration. The permissible specific lubricant film thickness Agpp is calculated from the critical
pecific lubricant film thickness AgrT which is the result of any standardised test method applicable
evaluate the micropitting load capacity of lubricants or materials by means of defined t¢st gears
berated under specified test conditions. Agp is a function of the temperature, oil viscosity, basf oil, and
ditive chemistry and can be calciilated according to Formula (2) in the contact point of the¢ defined
tést gears where the minimumyspecific lubricant film thickness is to be found and for the test cgnditions
here the failure limit coneerfiing micropitting in the standardised test procedure has been rg¢ached.

p
b
The method adapted is validated by carrying out careful comparative studies of well-docpmented
h
c

L O o W»n

s

The test gears, as well as the test conditions (for example, the test temperature), have to be appropriate
fqr the real gears in consideration.

Any standardised\test can be used to determine the data. Where a specific test procedure is not pvailable
of required, a/number of internationally available standardised test methods for the evalfiation of

Formula (A 1)

5.5 Recommendation for the minimum safety factor against micropitting, S) min

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

Certain minimum values for the safety factor shall be determined. Recommendations concerning these
minimum values are made in the following, but values are not proposed.

An appropriate probability of failure and the safety factor shall be carefully chosen to meet the required
reliability at a justifiable cost. If the performance of the gears can be accurately appraised through

© ISO 2014 - All rights reserved 7
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testing of the actual unit under actual load conditions, a lower safety factor and more economical
manufacturing procedures may be permissible:

Calculated minimum specific film thickness

Safety factor =
Permissible specific film thickness

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.

— Reliability of load values used for calculation: If loads or the response of the system to vibration are
estimated rather than measured, a larger safety factor should be used;

— Variptions in gear geometry and surface texture due to manufacturing tolerances;
— Variptions in alignment;

— varifitions in material due to process variations in chemistry, cleanliness, and ‘microstructure
(material quality and heat treatment);

— Variftions in lubrication and its maintenance over the service life of the gedrs.

Dependipg on the reliability of the assumptions on which the calculatidns are based (for exampl
load assumptions) and according to the reliability requirements (conseéquences of occurrence),|a
correspdnding safety factor is to be chosen.

g

Where gears are produced according to a specification or a request’for proposal (quotation), in whigh
the gear|supplier is to provide gears or assembled gear drivesthaving specified calculated capacitig¢s
(ratings)|in accordance with this technical report, the value of:the safety factor for micropitting is to he
agreed upon between the parties.

6 Material parameter, Gy

The matgrial parameter, Gy, accounts for the influence of the reduced modulus of elasticity, Er, and the
pressurg-viscosity coefficient of the lubricaritat bulk temperature, agpm.

Gy 10°-agy -E, ($)

Er ]s the reduced modulus of elasticity (see 6.1);

agMm |s the pressuré-viscosity coefficient at bulk temperature (see 6.2).

6.1 Rdduced'modulus of elasticity, E;-

For mating_gears of different material and modulus of elasticity £1 and E2, the reduced modulus pf
elasticity, Ey, can be determined by Formula (6). For mating gears of the same material E = E1 = E,
Formula (7) can be used.

-1

1—V12 n 1—V22

6
r £ £, (6)

8 © ISO 2014 - All rights reserved
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E.= for E{ = Ey =E and v =v, =V

where

E1 is the modulus of elasticity of pinion (for steel: E = 206000 N/mm?2);
E> isthe modulus of elasticity of wheel (for steel: E = 206000 N/mm?2);

v1 is the Poisson’s ratio of pinion (for steel: v = 0,3);

(7)

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

612 Pressure-viscosity coefficient at bulk temperature, agy

et

flthe data for the pressure-viscosity coefficient at bulk temperature agy for the-specific lubric
Failable, it can be approximated by Formula (8). See Reference [8].

(ZeM =a38 |:1+516[ﬁ—%J:|
M+

where

5]

azg is the pressure-viscosity coefficient of the lubrigart at 38 °C;

Om is the bulk temperature (see Clause 14).

p—

filno values for a3g are available then the following approximated valuesl[ll can be used.

azg = 2,657 - 10-8 - n3g0,1348 for@nineral oil
azg=1,466 - 10-8 - n3g0,0507 for PAO - based synthetic non-VI improved oil
azg=1,392 - 10-8 (10,1572 for PAG - based synthetic oil

where

n3g.Jds.the dynamic viscosity of the lubricant at 38 °C.

hnt is not

(8)

9

(10)

(11)
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7 Velocity parameter, Uy

The velocity parameter Uy 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.

where

7.1 Sum of tangential velocities, v,y
The suni

velocity
diameter

where

10

Uy=nom"

v
=Y (12)
2000-E, - p,y

neM
Vs Y

Ey

PnY

Vsy

Vrl,Y

Ve Y=

Vr1y
Vr2)Y|
dp1
dp2

dwl

s the dynamic viscosity of the lubricant at bulk temperature (see 7.2);
s the sum of the tangential velocities (see 7.1);
s the reduced modulus of elasticity (see 6.1);

s the local normal radius of relative curvature (see Clause 10).

for pinion, vr1y, and wheel, vy2y, in a certain contact pointYyon the tooth flank depends on the

at pinion, dy1, and the diameter at wheel dy of point Y.
FVrLy TVr2y (13)
dy;? —dp2

7 L LTS MUY o € M ¥ 14

60 2000 dy1” —dpi
dvy? —dy,?

= ﬂ.n_l.iz.sin awt. Y22 b22 (1\;)

u-60 2000 dyy” —dpy

dw2
dy1
dy2

ni

of the tangential velocities at a mesh point Y is calculated, aecording to Formula (13). The

is the tangential.velocity on pinion (see Figure 1);
is the tangential velocity on wheel (see Figure 1);
is the base diameter of pinion;
is‘the base diameter of wheel;

is the pitch diameter of pinion;

is the pitch diameter of wheel;

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

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

is the rotation speed of pinion;

u=2zy/z1 isthe gear ratio;

is the pressure angle at the pitch cylinder.
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7.2 Dynamic viscosity at bulk temperature, ngv

The dynamic viscosity at bulk temperature ngm can be calculated according to Formula (16).
-6
Nom =10 VoM - Pom (16)

where

voM is the kinematic viscosity of the lubricant at bulk temperature (see 7.2.1);

peM is the density of the lubricant at bulk temperature (see 7.2.2).

|

2.1 Kinematic viscosity at bulk temperature, vgy

—3

he kinematic viscosity at bulk temperature, vgym, can be calculated from the Kinematic viscpsity vag
40 °C and the kinematic viscosity vipp at 100 °C on the basis of Formula™(17). Extrapolation for
temperature higher than 140 °C should be confirmed by measurement.

o8]

log[log(vgm +0,7)]=A-log(0y +273)+B (17)
where
4 Jogllog(v 40 +0,7)/log(v100 +0,7)] a8)
log(313/373)
B =log[log(v4¢ +0,7)]-A-log(313) (19)

Om  is the bulk temperature (see Clau$el4);
vao is the kinematic viscosity of thelubricant at 40 °C;

v1p0 is the kinematic viscosity of the lubricant at 100 °C.

712.2 Density of the lubricant at bulk temperature, pgy

o

fithe density of the lubricant at bulk temperature pgy is not available, it can be approximated pased on
the density of the libricant at 15 °C according to Formula (20).

(6 +273)-289
Pom = P+ 1-0,7- (20)
P15
where
Hac icthe doancitu nfthe luhricant A+ 15 °C arrnrdinag tnthe Inhricant data cheoot
pis—isthe density of the lubricant at 15°Caccording to the lubricant data sheet;
Om is the bulk temperature (see Clause 14).
If no data for pq5 is available, then Formula (21) can be used for approximation of mineral oils.
P15 =43,37-logv 4y +805,5 (21

v40 is the kinematic viscosity of the lubricant at 40 °C.
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8 Load parameter, Wy

The load parameter Wy can be determined using the local Hertzian contact stress pqyn,y and the reduced

modulus of elasticity E.
2
27 Pgyny
Y= i (22)
Er
where
pdynly is the local Hertzian contact stress according to Method A (see 8.1) or according to Method

Ey

8.1 Ldcal Hertzian contact stress pgyn,ya according to Method A

The loca
3D mesh

determined from the elastic mesh contact model pyy a is applied to Formula (23) to obtain the locpl

Hertzian
Pdyn
where

PHY,

Ka

Ky

NOTE
or both K]

8.2 Ldcal Hertzian confact stress pgyn,yg according to Method B

Theloca
The reqy
inthe ca
distribut
factor K

h is the local nominal Hertzian contact stress, calculated with a 3D load distribution pro-

B (see 8.2);

is the reduced modulus of elasticity (see 6.1).

Hertzian contact stress pdyn,y,a ,according to Method A, should be détérmined by means of|a
contact and load distribution analysis procedure. The local nominal/Hertzian contact stregs

contact stress pdyn,y,a-

vA =PHya VKA Ky (23)

gram;
is the application factor (according ta1SO 6336-1);
is the dynamic factor (accordingto ISO 6336-1).

Where either Ky or Ky influénces are already considered in the 3D elastic mesh contact model, either
h and Ky should be set as 1,0\in'Formula (23).

Hertzian contact’stress pdyn,y,s,according to Method B, is calculated according to Formula (24
ired nominalHertzian contact stress py y,g is obtained by Formula (25), see 8.2.1. The total log
be of drivetrains with multiple transmission paths or planetary gear systems is not quite even

| < av

p dyn

12

ed over-the individual meshes. This is to be taken into consideration by inserting a distributiqg
to follow K4 in Formula (24), to adjust the average load per mesh as necessary.

[ —r— 5
YB = PHYB A By Ko KHp {24)
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where
puyB isthelocal nominal Hertzian contact stress (see 8.2.1);
Ka is the application factor (according to ISO 6336-1);

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

Kua  is the transverse load factor (according to ISO 6336-1) [profile modifications are consid-

ered in the factor Xy (see Clause 11)];

Kyp s the face load factor (according to ISO 6336-1) (lead modifications are considexed
factor).

NOTE Gears with a transverse contact ratio €4 > 2 can only be calculated according toMethod A.

8{2.1 Nominal Hertzian contact stress py,yB

The nominal Hertzian contact stress py y,g is used to determine the local Hertzian contact streg
dee 8.1). To take the influence of different profile modifications inteaccount, the load sharing
i introduced. For the calculation of the local nominal Hertzian centact stress, the local nomin
Frelative curvature is used.

F, Xy
pH,Y,B:ZE'\/ :

@]

b-pyy-cosa -cos By

where

E
Zn=,—L
E 27

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

b  isthe face width;

F¢ isthe transverse tangential load at reference cylinder;
Xy istheload sharing factor (see Clause 11);

E; is the redtieed modulus of elasticity (see 6.1);

ai is thetransverse pressure angle;

Pp <sithe base helix angle;

in this

S Pdyn,Y,B
factor Xy
Al radius

(25)

(26)

oy is the local normal radius of relative curvature (see Clause 10).

9 Sliding parameter, Sgry

The sliding parameter Sgry 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 thickness.[e] The indices “0B,Y” for local contact temperature and

© IS0 2014 - All rights reserved
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bulk temperature are used. The local contact temperature Oy is the sum of the local flash 6y and the
bulk temperature 0.

QpoByY ‘MoBY
Sary = X 108X 27)
AoMm "M oM

where

app,y is the pressure-viscosity coefficient at local contact temperature (see 9.1);

nesy is the dynamic viscosity at local contact temperature (see 9.2);
apgM| is the pressure-viscosity coefficient at bulk temperature (see 6.2);

neM | isthe dynamic viscosity at bulk temperature (see 7.2).

9.1 Pressure-viscosity coefficient at local contact temperature, aggy

If the dqta for the pressure-viscosity coefficient at local contact temperattye agpy for the speciffc
lubricant is not available, it can be approximated by Formula (28). See Reference [8].

1 1
O‘eB,Y :a38|:1+516(9 +273—311le (2 3)
B)Y

where

azg | is the pressure-viscosity coefficient of the lubrigaint at 38 °C (see also 6.2);

O,y | is the local contact temperature (see Clausez12).

9.2 Dynamic viscosity at local contact temperature, nggy

The dynamic viscosity at local contact temperature, o)y, is determined by Formula (29).
-6
NoY|=10 " -Vopy Popy (29)

where

vepy is the kinerhatic viscosity at local contact temperature (see 9.2.1);

peBY isthedensity of the lubricant at local contact temperature (see 9.2.2).

9.2.1 Kinematic viscosity at local contact temperature vggy

The kinematic viscosity atlocal contact temperature vgpy can be calculated from the kinematic viscosity
vao at 40 °C and the kinematic viscosity v1gp at 100 °C on the basis of Formula (30). Extrapolation for
temperature higher than 140 °C should be confirmed by measurement.

log[log(vepy +0,7)]=A-log(6py +273)+B (30)
where
Ao log[log(vw +0,7)/10g(v100 +0,7)} 1)
log(313/373)
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B =log[log(v4¢ +0,7)]-A-log(313)

Opy isthelocal contact temperature (see Clause 12);
v40 is the kinematic viscosity of the lubricant at 40 °C;

v100 is the kinematic viscosity of the lubricant at 100 °C.

(32)

e}

2.2 Density of the lubricant at local contact temperature pgg,y

o

bpsed on the density of the lubricant at 15 °C according to Formula (33).

(0py +273)-289

flthe density of the lubricant at local contact temperature pggy is not available, it can be;appr¢ximated

Pepy =P15°| 1-0,7 (33)
P1s
where
p15 is the density of the lubricant at 15 °C according to the lubricant data sheet (see also .2.2);
O,y isthelocal contact temperature (see Clause 12).
10 Definition of contact point Y on the pathief contact
Cpntact point Y is located between the SAP (coritact point A) and EAP (contact point E) on [the path
of contact according to Figure 1. It describes-the actual contact point between pinion and wheel in a
cértain meshing position gy.
Alccording to 5.3 Method B, the calculation has to be done for the following contact points:
Y|=
Al gy=ga=0mm the lower point on the path of contact (34)
AB gy =gaB=(gu- Pet) 1.2 the midway point between A and B (35)
Bl gy=9B=0a- Pet the lower point of single pair tooth contact] (36)
d gy=g¢ =d%-tanawt— %_% +g, thepitch point (37)
D _79y'=9D = Pet the upper point of single pair tooth contact{ (38)
DE gy =9pE = (ga - Pet) / 2 + Pet the midway point between D and E (39)
E gvy=9rg=9« the upper point on the path of contact (40)
© IS0 2014 - All rights reserved 15
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0,

Figure 1 — Definition of contact point Y on the line of action

The Y-circle diameter of pinion dy; and wheel dy; are dependent on the location of contact point Y on the
path of contact gy and can be calculated according to Formula (41) and Formula (42).

2

2 2 2
dp1” | [da1” _db
4 4 4

dy; =2 —9o 9y (41)
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dy? d.% d.>
d =2' b2 + a2 _ b2 _
Y2 4 4 4 gy

where
da1 is the tip diameter of pinion (see Figure 1);

dy2 is the tip diameter of wheel (see Figure 1);

dp1 is the base diameter of pinion (see Figure 1);
dpz is the base diameter of wheel (see Figure 1);
gy isthe parameter on the path of contact (see Figure 1);

Ja s the length of path of contact (see Figure 1).

_ Puy P2y
Pty=—"
Pty T P2y
where
2 2
_|dy1,2°—db1,2
Pt1,2Y = 4

dp1,2 isthe base diameter of pinionywheel (see Figure 1);

dyi,2 isthe Y-circle diameter,of'pinion/wheel (see above and Figure 1).

where
pry isthe transverse relative radius of curvature (see above);

B \(is the base helix angle.

The transverse radius of relative curvature pty can be determined accerding to Formula (43).

pt1,2,y is the transverse radius of curvatute of pinion/wheel at point Y (see Figure 1);

The normal radius of relative curvature p,y can be calculated according to Formula (45).

11 Load sharing factor, Xy

(42)

(43)

(44)

(45)

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 contact.[4]

Due to inaccuracies, a preceding pair of meshing teeth can cause an instantaneous increase or decrease
of the theoretical load sharing factor, independent of the instantaneous increase or decrease caused by
inaccuracies of a succeeding pair of meshing teeth at a later time. The value of Xy does not exceed 1,0
(for cylindrical gears), which means full transverse single tooth contact. The region of transverse single

tooth contact can be extended by an irregularly varying location of a dynamic load.

© IS0 2014 - All rights reserved
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The load sharing factor Xy depends on the type of gear transmission and on the profile modification. In
case of buttressing of helical teeth (no profile modification), the load sharing factor is combined with a
buttressing factor Xpyey.[4]

11.1 Spur gears with unmodified profiles

The load sharing factor for a spur gear with unmodified profile is conventionally supposed to have a
discontinuous trapezoidal shape; see Figure 2. However, due to manufacturing inaccuracies, in each
path of double contact, the load sharing factor will increase for protruding flanks and decrease for other

flanks Tlan ranracantativuan load clhoping fontanic o anualana of naccibhla ceonc. cnn Eigiivn 2
- IAeTrepTestrtatrv CToatSar g TateoTT5at 4

TV CTO P COT PpOUSSTOTCCuT v O 5, SCT T g oo

2/3 0<7

13

|
|
|
|
|
|
|
| |
A AB B

|
|
|
|
|
|
|
D DE .E

=y

jgure 2 — Load sharing factor for cylindrical spur gears\with unmodified profiles
and quality grade < 7

|
|
|
|
|
|
|
!
D

Fjgure 3 — Load sharing factor for cylindrical spur gears with unmodified profiles
and quality grade = 8
Q-2 1 gy
Xy=—"——%F+=—%
Y7 3 g forga<gy<gs (46)
Xy=10 for gg < gy < gp (47)
Q-2 1 g,-9y
Xy= o for gp < gy < 48
15 3 g, —dp gp <gy < gE (48)
where

Q isequalto 7 for quality grade < 7;

Q isequal to quality grade for grade = 8.
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11.2 Spur gears with profile modification

a) Load sharing factor for cylindrical spur gears with adequate profile modification on driving and
driven gear

1

|
A AB

|
|
|
|
|
f
|
|
|
|
|
| |
D

I
|
|
|
|
f
|
|
|
|
|
I
B DE E

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

XAy ~9y forga<gy<gs (49)
9B

Xy =10 forge<gy<gp (50)
9o — 9

Xy ==L for gp < gy < gn (51)
ga _gD

b) Load sharing factor for cylindrical spurgears with adequate profile modification on the addendum
of the driven gear and/or the dedendum of the driving gear

1

173

|

|

|

|
| |
| |
| |
| |
| |
| |
| |
l |
B D
Higure’5 — Load sharing factor for cylindrical spur gears with adequate profile modification on
the addendum of the driven gear and/or the dedendum of the driving gear
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Xy _9y for ga < gy <gam (>2)
9B
XY__+_.9_Y for gag < gy <gs (>3)
9B
Xy=1,0 for gg <gy<gp G4
9ol 9
XY:_a_Y for gp < gy < gpE )
9o 9D
1 94,9y
XY=_+_.G’— for < < >6
3 90 —0» YDE < gY = gE (>6)

c) Load sharing factor for cylindrical spur gears with adequate profile modification on the addendum

of thie driving gear and/ or the dedendum of the driven gear

Figure 6 — Load sharing factor for cylindrical spur gears with adequate profile modification op
the addendum of the driving’gear and/or the dedendum of the driven gear

1

13

|
|
|
|
| |
| I
| |
| I
| |
| |
| |
| |
A AB B D

1
Xy =5+ 2L for ga < gy <gas (57)
3 9B
Xy -2 for gag < gy <gs (58)
9B
Xy=1,0 for gg < gy <gp (59)
1 1 9,-9y
Xy=c+-=F—+ for gp < gy < 60
373 g, —9p gD < gy < gDE (60)
Xy =Y for gpE <gy < gE (61)
ga_gD

11.3 Buttressing factor, Xpyt,y

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.

20
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>

><

>

>

>

>

Xbut,A Xbut,B
\ ; /
| [
| [
| [
| [
| [
| [
| [
| [

! !

A AU AB D DEEU E

gau—9a=9g —9gy =0,2mm-sin

here

ga isequal to 0 mm;

gE isequal to g4 (see Figure 1)
but A = Xbut,E =13

butA =Xputg =1+0,3-&p

but,AU = X but,ey = 1,0
9y

= Xy ———I (X -1
buey = XbutA =g sy (Xbuta —1)
butY — 1,0

g(x _gY

Xy e JaTIY oy g
buey = X bueE G o sin (Xbute —1)
here

ieg>1,0

ifeg<1,0

for ga < gy <gau

for gau < gy < gru

for gru < gy < gk

Figure 7 — Buttressing factor, Xput,y

he buttressing is expressed by means of a factor Xpyut)y; see Figure 7, marked by the following

values.

(62)

(63)

(64)

(65)

(66)

(67)

(68)

&g 18 the overlap ratio.

11.4 Helical gears with £g < 1 and unmodified profiles

Helical gears with a contact ratio &y > 1 and overlap ratio eg < 1 still 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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| |
| |
| |
| |
| |
| |
| |
| | |
A AUAB = -

Figure §

The load
11.3.

11.5 He

Helical g
pairs. He

See Figu

Figur

— Load sharing factor for cylindrical helical gears with £g < 1 and unmodified profiles,
including the buttressing effect

sharing factor is obtained by multiplying the Xy in 11.1 with the buttressing\factor Xputy in

lical gears with £g < 1 and profile modification

ears with a contact ratio £ 2 1 and overlap ratio g < 1 still haye\poor single contact of tooth
nce, they can be treated similar to spur gears, considering the geometry in the transverse plan
Fe 9, Figure 10, and Figure 11.

@

| |
| |
| |
| I
| I
| |
| |
| |
| |
| |
| |
| |
A AB B D

|
p 9 — Load sharing factorfor cylindrical helical gears with eg<1 and adequate profile
modification
|
|
|
|
[ |
| |
[ [
[ [ | [ |
[ [ | [ |
I I
/1 i i L1
A AU AB B D DE EU E

Figure 10 — Load sharing factor for cylindrical helical gears with £g < 1 and adequate profile
modification on the addendum of the driven gear and/or the dedendum of the driving gear
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|
|
|
|
|
|
|
|
0

Figure 11 — Load sharing factor for cylindrical helical gears with £g < 1 and adequate
modification on the addendum of the driving gear and/or the dedendum of the dtiver

he load sharing factor is obtained by multiplying the Xy in 11.2 with the buttréssing factor
L.3.

=

[y

1.6 Helical gears with £g 2 1 and unmodified profiles

—

he buttressing effect of local high mesh stiffness at the end of gblique contact lines for heli
with &4 > 1 and €g > 1, is assumed to act near the ends A and E along the helix teeth over a
dngth, which corresponds to a transverse relative distance 052 mm - sinfy; see Figure 12. See

nd Figure 7.
\ /e, /

Q=

1 | | |
A AU-AB B D DEEU E

Figure 12 — Load sharing factor for cylindrical helical gears with £g = 1 and unmodji
profiles

he load sharing faotor is obtained by multiplying the value 1/¢4, representing the mean load,
ittressing faetor Xput,y.

S -

1
Xy == Xpury
ga

where

profile
| gear

Xbuty in

ral gears
constant
also 11.2

fied

with the

(69)

&q s the transverse contact ratio.

11.7 Helical gears with £g 2 1 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, 14, and 15. The extensions of tip relief at b

© IS0 2014 - All rights reserved
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A-AB and DE-E of the path of contact are assumed to be equal and to result in a contact ratio g = 1 for
unloaded gears; see Figure 13.

a) Load sharing factor for cylindrical helical gears with eg > 1 and adequate profile modification on
driving and driven gear

Figure

b) Load
adde

| |

A AB B D DE E
13 — Load sharing factor for cylindrical helical gears with £g = 1 and adequate profile
modification
(‘9(1 — 1) :| 9y
‘ for ga < gy <gas (70)
€a (8(1 + 1) 9aB
(goc B 1)
6, (64 +1) for gaB < gy < goE (71)
(‘9(1 — 1) j| 9o — 9y
' for gpE < gy < gE (72)
g(x'(g(x"'l) 9o —Y9DE

| sharing factor for cylindrical helical'gears with eg > 1 and adequate profile modification on the
ndum of the driven gear and/or the dedendum of the driving gear

/|

| | | |
A AU AB B D DEEU E

Figure 14 — Load sharing factor for cylindrical helical gears with £g 2 1 and adequate profile
modification on the addendum of the driven gear and/or the dedendum of the driving gear

24
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1, (g1 } 9y
Xy=|— X ' forga<gy<gas (73)
La €q(6q+1) ] 9gan
1 (e, —-1)
X - o
Yo e, 2e,(e,+1) for gaB < gy < goE (74)
XY = IVL—I—M—‘ . S for Q'DE < 3‘1’ < gE (75)
| € £q(eq+1) ] ’
c] Load sharing factor for cylindrical helical gears with £g > 1 and adequate profile modificatipn on the
addendum of the driving gear and/ or the dedendum of the driven gear
!
| |
| |
| |
| |
| I
| |
| |
| |
L1 | | |
A AU AB B D DEEU E
Figure 15 — Load sharing factor for cylindricabhelical gears with £g 2 1 and adequate profile
modification on the addendum of the driving gear and/or the dedendum of the driven gear
1 (e, —-1)
Xy =| — & fi <gy< 76
\ La e +1J but,Y or ga < gy < gaB (76)
1 (e,-1)
X, =— 4o )
Ve, 2e,-(e4+1) for ga <gy <gpE (77)
1. (548 } 9o =9y
Xy=|—+ L =G for gpg < gy < gE 78
{ga 2'8a'(8a+1) 9o —9DE g gY=9 ( )
12 Contact temperature, 0y
The- local contact temperature 6gy is defined as the sum of bulk temperature 6y and logal flash
t mpnrahlrn Q 1’ Ac a3 v*ncn]f nF Frur‘funn 1n Hnn fnnﬂq YY\QC]’\ Hnn F]ac]n fnmpnrthrn Q ‘1’ naru:\c d long the

path of contact Hence the local flash temperature 6y has to be determined for every desired point Y in

the field of contact. For simplification, the bulk temperature 6y is assumed as constant.

Opy =0m +0py

where
Oty isthe local flash temperature (see Clause 13);
Om  is the bulk temperature (see Clause 14).
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13 Flash temperature, 61y

The flash temperature 6y y of the gear flanks is rapidly fluctuating in contact. In every mesh position,
differentrolling and sliding conditions occur. Furthermore, the local contactload varies along the path of
contact. These conditions cause a continuous variation of the flash temperature which can be calculated
according to Reference [12] by Formula (80).

6
\/; Hm *Pdyny -10 "Vg,Y‘ \/ Pdyn, vy
8 pny T

where

Ogy=—7" (80)
2 By JVriy +Bmz \Vizy 1000-E,

Vey TVrLy ~Vr2y (81

Buy FAJPM1 M1 At (8%)

By EAlPM2 M2 AM2 (83)

vgy | isthelocalsliding velocity;

Bm1| is the thermal contact coefficient of pinion (see Table 2);

Bmz| is the thermal contact coefficient of wheel (see Table 23;

Um is the mean coefficient of friction (see 14.1);

Pdyn|y is the local Hertzian contact stress (see 8.1 and 8.2);

vr1y| isthelocal tangential velocity on pinion\(see 7.1);

vr2y|l isthelocal tangential velocity onwhéel (see 7.1);

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

E; is the reduced modulus.-6f-elasticity (see 6.1).

Table 2 — Material properties of steel

Material Density Specific heat capacity | Specific heat conductivity
pm [kg/m3] em [J/(kgK)] Am [W/(m-K)]
Steel 7 800 440 45

14 Bulktembperature, G\

—teiiperatttioy VI

The bulk temperature 8y is the equilibrium temperature of the surface of the gear teeth before they
enter the contact zone. The bulk temperature 8y should be measured or calculated by an adequate

26
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method. If this is not possible, 8y can be approximated according to Formula (84) (compare Reference

[9D)-

0,72
Pouy -Hy )" X
Oy =0, +7400. —Fm v |28 (84)
a-b 1,2-XCa
where
peg.p.r. T1 (85)

66—1000
P isthe transmitted power;
a is the centre distance;
b is the face width;

Ooil is the lubricant inlet or oil sump temperature;

Um is the mean coefficient of friction (see 14.1);

Hy istheload losses factor (see 14.2);

Xca s the tip relief factor (see 14.3);

Xs  isthe lubricant factor (see 14.4).

4.1 Mean coefficient of friction, upy,

tlocity, the tangential load, and the dynamic viscosity of the lubricant. It can be approxirhated by

1

The mean coefficient of friction puy, depends.on the gear geometry, the surface roughness, the tangential
v

Fprmula (86).

0,2

Kp K, Ky, Ky Fye - K ' -0,05

Um:0104’5' A v HoooHP “br By '(103'776011) Xp- Xy (86)

b-ysi¢Puc
where

R 0,25

Xg =22 =2 (87)
PnC

XRr sthe roughness factor;

b is the face width;

Fpt 1s the nominal transverse load in plane of action;

Kp  is the application factor (according to ISO 6336-1);

Kgy is the helical load factor (see below);

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

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

© ISO 2014 - All rights reserved 27


https://standardsiso.com/api/?name=04645755db399ce4668af4e4e6441d88

	Section sec_1
	Section sec_2
	Section sec_3
	Section sec_3.1
	Section sec_3.2
	Table tab_1
	Section sec_4
	Section sec_5
	Section sec_5.1
	Section sec_5.2
	Section sec_5.3
	Section sec_5.4
	Section sec_5.5
	Section sec_6
	Section sec_6.1
	Section sec_6.2
	Section sec_7
	Section sec_7.1
	Section sec_7.2
	Section sec_7.2.1
	Section sec_7.2.2
	Section sec_8
	Section sec_8.1
	Section sec_8.2
	Section sec_8.2.1
	Section sec_9
	Section sec_9.1
	Section sec_9.2
	Section sec_9.2.1
	Section sec_9.2.2
	Section sec_10
	Figure fig_1
	Section sec_11
	Section sec_11.1
	Figure fig_2
	Figure fig_3
	Section sec_11.2
	Figure fig_4
	Figure fig_5
	Figure fig_6
	Section sec_11.3
	Figure fig_7
	Section sec_11.4
	Figure fig_8
	Section sec_11.5
	Figure fig_9
	Figure fig_10
	Figure fig_11
	Section sec_11.6
	Figure fig_12
	Section sec_11.7
	Figure fig_13
	Figure fig_14
	Figure fig_15
	Section sec_12
	Section sec_13
	Table tab_2
	Section sec_14
	Section sec_14.1
	Figure fig_16
	Table tab_3
	Section sec_14.2
	Section sec_14.3
	Table tab_as
	Figure fig_17
	Table tab_ba
	Figure fig_18
	Section sec_14.4
	Annex sec_A
	Table tab_bc
	Figure fig_A.1
	Table tab_A.1
	Reference ref_1
	Reference ref_2
	Reference ref_3
	Reference ref_4
	Reference ref_5
	Reference ref_6
	Reference ref_7
	Reference ref_8
	Reference ref_9
	Reference ref_10
	Reference ref_11
	Reference ref_12
	Reference ref_13
	Reference ref_14
	Reference ref_15
	Reference ref_16
	Bibliography
	Foreword
	Introduction
	1	Scope
	2	Normative references
	3	Terms, definitions, symbols, and units
	3.1	Terms and definitions
	3.2	Symbols and units
	4	Definition of micropitting
	5	Basic formulae
	5.1	General
	5.2	Safety factor against micropitting, Sλ
	5.3	Local specific lubricant film thickness, λGF,Y
	5.4	Permissible specific lubricant film thickness, λGFP
	5.5	Recommendation for the minimum safety factor against micropitting, Sλ,min
	6	Material parameter, GM
	6.1	Reduced modulus of elasticity, Er
	6.2	Pressure-viscosity coefficient at bulk temperature, αθM
	7	Velocity parameter, UY
	7.1	Sum of tangential velocities, vΣ,Y
	7.2	Dynamic viscosity at bulk temperature, ηθM
	8	Load parameter, WY
	8.1	Local Hertzian contact stress pdyn,Y,A according to Method A
	8.2	Local Hertzian contact stress pdyn,Y,B according to Method B
	9	Sliding parameter, SGF,Y
	9.1	Pressure-viscosity coefficient at local contact temperature, αθB,Y
	9.2	Dynamic viscosity at local contact temperature, ηθB,Y
	10	Definition of contact point Y on the path of contact
	11	Load sharing factor, XY
	11.1	Spur gears with unmodified profiles
	11.2	Spur gears with profile modification
	11.3	Buttressing factor, Xbut,Y
	11.4	Helical gears with εβ < 1 and unmodified profiles
	11.5	Helical gears with εβ < 1 and profile modification
	11.6	Helical gears with εβ ≥ 1 and unmodified profiles
	11.7	Helical gears with εβ ≥ 1 and profile modification
	12	Contact temperature, θB,Y
	13	Flash temperature, θfl,Y
	14	Bulk temperature, θM
	14.1	Mean coefficient of friction, µm
	14.2	Load losses factor, Hv
	14.3	Tip relief factor, XCa
	14.4	Lubrication factor, XS
	Annex A
(informative)

Calculation of the permissible specific lubricant film thickness λGFP for oils with a micropitting test result according to FVA-Information Sheet 54/7
	Bibliography

