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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.

The procedures used to develop this document and those intended for its further maintenance are
described in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed for the
different types of ISO documents should be noted. This document was drafted in accordance with the
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of
any patent rights identified during the development of the document will be in the Introduction and/or
on the ISO list of patent declarations received (see www.iso.org/patents).

Any trade name used in this document is information given for the convenience of users and does not
constitute an endorsement.

For an explanation on the meaning of ISO specific terms and expressions related to conformity
assessment, as well as information about ISO’s adherence to the WTO principles in the Technical Barriers
to Trade (TBT) see the following URL: Foreword - Supplementary information

The committee responsible for this document is ISO/TC 60, Gears, Subcommittee SC 2, Gear capacity
calculation.

ISO/TR 15144 consists of the following parts, under the general title Calculation of micropitting load
capacity of cylindrical spur and helical gears:

— Part 1: Introduction and basic principles

— Part 2: Examples of calculation for micropitting
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Introduction

This part of ISO/TR 15144 provides worked examples for the application of the calculation procedures
defined in ISO/TR 15144-1. The example calculations cover the application to spur and helical cyclindrical
involute gears for both high-speed and low-speed operating conditions, determining the micropitting
safety factor for each gear pair. The calculation procedures used are consistent with those presented in
ISO/TR 15144-1. No additional calculations are presented here that are outside of the technical report.

Four worked examples are presented with the necessary input data for each gear set provided at the
beginning of the calculation. The worked examples are based on real gear pairs where either laboratory
or operational field performance data has been established, with the examples covering several
applications. When available, pictures and measurements are provided of the micropitting wear,
experienced on the gear sets when run under the conditions used in the worked examples. Calculation
details are presented in full for several of the initial calculations after which only summarized results
data are included. For better applicability, the numbering of the formulae follows ISO/TR 15144-1.
Several of the worked examples are presented with the calculation procedures performed in accordance
with the application of both methods A and B.
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TECHNICAL REPORT ISO/TR 15144-2:2014(E)

Calculation of micro-pitting load capacity of cylindrical
spur and helical gears —

Part 2:
Examples of calculation for micropitting

1 Scope

The example calculations presented here are provided for guidance on the application of the technical
report ISO/TR 15144-1 only. Any of the values or the data presented should not be used as material or
lubricant allowables or as recommendations for micro-geometry in real applications when applying this
procedure. The necessary parameters and allowable film thickness values, Agrp, should be determined
for a given application in accordance with the procedures defined in ISO/TR 15144-1.

2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and are
indispensable for its application. For dated references, only the edition cited applies. For undated
references, the latest edition of the referenced document (including any amendments) applies.

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

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

ISO 6336-2:2006, Calculation of load capacity of spur and helical gears — Part 2: Calculation of surface
durability (pitting)

ISO 21771:2007, Gears — Cylindrical involute gears and gear pairs — Concepts and geometry

ISO/TR 15144-1:2014, Calculation of micropitting load capacity of cylindrical spur and helical gears — Part
1: Introduction and basic principles

3 Terms, definitions, symbols, and units

3.1 Terms and definitions

For the purpose of this document, the terms and definitions given in ISO 1122-1, ISO 6336-1, and
ISO 6336-2 apply.

3.2 Symbols and units

The symbols used in this technical report 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 formulae.

© ISO 2014 - All rights reserved 1
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Table 1 — Symbols and units

Symbol Description Unit

a centre distance mm
BwMm1 thermal contact coefficient of pinion N/(m-s0,5-K)
Bwm2 thermal contact coefficient of wheel N/(m-s0,5-K)

b face width mm
Ca1 tip relief of pinion pum
Ca2 tip relief of wheel um
M1 specific heat per unit mass of pinion ]1/(kgK)
cM2 specific heat per unit mass of wheel ]/ (kgK)

c’ maximum tooth stiffness per unit face width (single stiffness) of a tooth pair N/(mm-pum)
Cya mean value of mesh stiffness per unit face width N/(mm-pum)
da1 tip diameter of pinion mm
da2 tip diameter of wheel mm
dp1 base diameter of pinion mm
dp2 base diameter of wheel mm
dw1 pitch diameter of pinion mm
dwz pitch diameter of wheel mm
dﬁ Y-circle diameter of pinion mm
dy2 Y-circle diameter of wheel mm
Er reduced modulus of elasticity N/mm?2
E1 modulus of elasticity of pinion N/mm?2
Ez modulus of elasticity of wheel N/mm?2
Fpt nominal transverse load in plane of action (base tangent plane) N

Fy (nominal) transverse tangential load at reference cylinder per mesh N
Gm material 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 -
KHa transverse load factor -
Kyp face load factor -

Ky dynamic factor -

nq rotation speed of pinion min-1

P transmitted power kw
Det transverse base pitch on the path of contact Mm

Pdyn,y local Hertzian contact stress including the load factors K N/mm?2

PHY local nominal Hertzian contact stress N/mm?2
Ra effective arithmetic mean roughness value pum
Rai arithmetic mean roughness value of pinion pum
Ray arithmetic mean roughness value of wheel pum

2
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Table 1 (continued)
Symbol Description Unit
SGEY local sliding parameter -
S safety factor against micropitting -
Samin |minimum required safety factor against micropitting -
T1 nominal torque at the pinion Nm
Uy local velocity parameter -
u gear ratio -
Vg Y local sliding velocity m/s
Vr1y local tangential velocity on pinion m/s
Vr2Y local tangential velocity on wheel m/s
Vi.C sum of tangential velocities at pitch point m/s
Vsy sum of tangential velocities at point Y m/s
Ww material factor -
Wy local load parameter -
Xput,y local buttressing factor -
Xca tip relief factor -
XL lubricant factor -
XR roughness factor -
Xs lubrication factor -
Xy local load sharing factor -
V4> elasticity factor (N/mmZ2)0,5
zZ1 number of teeth of pinion -
Z2 number of teeth of wheel -
at transverse pressure angle °
Awt pressure angle at the pitch cylinder °
aeBY pressure-viscosity coefficient at local contact temperature m2/N
apgM 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 -
£a transverse contact ratio -
Ean virtual transverse contact ratio -
£ overlap ratio -
gy total contact ratio -
€1 addendum contact ratio of the pinion -
) addendum contact ratio of the wheel -
16BY dynamic viscosity at local contact temperature N-s/m?2
n6M dynamic viscosity at bulk temperature N-s/m?2
10oil dynamic viscosity at oil inlet/sump temperature N:s/m?2
138 dynamic viscosity at 38 °C N:s/m?2
OBy local contact temperature °C
Ony local flash temperature °C
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Table 1 (continued)

Symbol Description Unit
Om bulk temperature °C
Boil oil inlet/sump temperature °C

AGEmin |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

V1 Poisson’s ratio of pinion -

%) 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
pMm2 density of wheel kg/m3
Pn,C normal radius of relative curvature at pitch diameter mm
pny normal radius of relative curvature at point Y mm
pty transverse radius of relative curvature at point Y mm
ptliy transverse radius of curvature of pinion at point Y mm
ptz;fy transverse radius of curvature of wheel at point Y mm
p9|§;Y density of lubricant at local contact temperature kg/m3
PBM density of lubricant at bulk temperature kg/m3
P15 density of lubricant at 15 °C kg/m3

Subscripts to symbols
Y Parameter for any contact point Y in the contact area for method A and on the path of contact for
method B (all parameters subscript Y has to be calculated with local values).

4 Example calculation

The following presents examples for the calculation of the safety factor against micropitting, S;. Each
example is first calculated according to method B and examples 1, 3, and 4 subsequently calculated
according to method A. The calculation sequence for method B has been provided to follow a logical
approach in relation to the input data. Beside the formulae itself, the formula numbers related to
[SO/TR 15144-1 are given.

The examples calculate the safety factor S of a specific gear set when compared to an allowable Agrp
value. For the examples 1, 2, and 4, the permissible specific oil film thickness, Agrp, was determined
from the test result of the lubricant in the FZG-FVA micropitting test.[1] For these calculations medium
values for the standard FZG back-to-back test rig and standard test conditions for Kyg and Ky were
used (Kyp = 1,10 and Ky = 1,05). The calculation of the Agrp value from the test result of the FZG-FVA

4 © ISO 2014 - All rights reserved
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micropitting testll] (method B) is shown exemplary on the basis of the first example. For example 3, the
permissible specific oil film thickness, Agrp, was determined from a bench test.

NOTE The calculations were performed computer-based. If the calculations are performed manually, small
differences between the results can appear.

4.1 Example 1 — Spur gear

The result of this example is confirmed by experimental investigations. The gears were obviously
micropitted and had profile deviations of approximately 8 to 10 pum. Figure 1 shows a diagram of the
observed location and severity of micropitting for pinion and wheel of example 1.

1 1

A A,
—
10 um

————D ———— B

C - C

B — D

A — E

a) pinion b) wheel

Key
1 tip
2 root
Figure 1 — Diagram of schematic profile deviations of pinion and wheel for example 1
© IS0 2014 - All rights reserved 5
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4.1.1 Inputdata
Table 2 — Input data for Example 1
Example 1
Symbol Description Unit pinion wheel
comb.
z number of teeth - 18 18
- driving gear - X
mp normal module mm 10,93
an normal pressure angle ° 20
B helix angle ° 0
b face width mm 21,4
Geometry
a centre distance mm 200
X addendum modification factor - 0,158 0,158
dy tip diameter of pinion mm 221,4 221,4
- tooth flank modifications - no modifications
Q gear quality - 5 5
Ra arithmetic mean roughness value pum 0,90 0,90
- material - Eh Eh
E modulus of elasticity N/mm?2 206 000 206 000
Poisson’s ratio - 0,3 0,3
AMm specific heat conductivity W/(m-K) 45 45
Material M specific heat per unit mass J/(kg-K) 440 440
oM density kg/m3 7 800 7 800
material factor according to ISO/
Ww TR 15144-1:2014, Table A.1 (for matching - 1,0
case carburised/case carburised)
Ka application factor - 1,0
o Ky dynamic factor - 1,15
Application
KHa transverse load factor - 1,0
Kup face load factor - 1,10
Load T1 nominal torque at the pinion Nm 1878
oa
ni rotation speed of the pinion min-1 3000
S0l o.il inlet temperature (injection lubrica- oC 90
tion)
V40 kinematic viscosity at 40 °C mm?2/s 210
V100 kinematic viscosity at 100 °C mm?2/s 18,5
P15 density of the lubricant at 15 °C kg/m3 895
Lubricant
- oil type - mineral oil
i failure load stage at test temperature ) SKS 8
(90 °C) according to FVA 54/7
permissible lubricant film thickness
AGrp - 0,211
(see 4.1.4 for calculation)
6 © ISO 2014 - All rights reserved
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4.1.2 Calculation according to method B

4.1.2.1 Calculation of gear geometry (according to I1SO 21771)

Basic values:

m m¢=10,93 mm
m, =—2=
cosf
di1=2z1"-my d1 =196,74 mm
dy =z my dz = 196,74 mm
U _Zy u=1
Z7
(tananJ ag=20°
o =arctan
cospf
dp1 = d1 cosat dp1 = 184,875 mm
dp2 = dy cosay dp2 = 184,875 mm
do. 2-a dw1 =200 mm
Wl 1
dWZ:Z'a_dwl dW2=200 mm
Z1+2Z5)-m, -cosa aw1 = 22,426°
atharccos{( 1+72) e t} v
2-a
By, = arcsin(sin -cosa ) Brb=0°B,=0°"
Pet =My *TT-COSAL; Pet = 32,267 mm
i d 2 ] &1 = 0,705
€1 S T ¥ B —tana,,,
2.7 dbl
i 4 2 ] g2 =0,705
€ =22 | || Za2 —1—tano
2 dbz
=1,411
gazi. \/ al _ bl +\/ a2__"b2__g.sinay,
Pet 4 4 4 4
b-sin 8 ep=0
Eg=—"—
my-m
© ISO 2014 - All rights reserved 7
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Ey = Eq + EB gy =1,411

2 2 2 2 . =45,519 mm
ga:O,S-(\/dal —dp " +d " —dy, j—a-smozwt Go

Coordinates of the basic points (A, AB, B, C, D, DE, E) on the line of action:

ga =0mm (34) ga=0mm
InB :ga;zpet (35)  gap=6,626 mm
9B = Ja ~ Pet (36) g8 =13,253 mm
2 2
ge=M1 tang,, — 9o _To” o (37)  gc=22,760 mm
2 4 4
9p = Det (38) gp = 32,267 mm
9o —P
9IDE :(LTEt"'pet (39) 9DE = 38,893 mm
JE = Jga (40) gE =45,519 mm
2
dy,” dy® dyy”
dpy =2 e gu g (41)  da;=187419 mm
dag1 =190,046 mm dg1 =193,546 mm dc1=200,000 mm
dp1=207998 mm dpg1 = 214,394 mm dg1=221,400 mm
2 2 2 2
dpy=2- dyp + {daz — Ay -9ga (42) daz =221,400 mm
4 4 4
dap2 = 214,394 mm dg2 = 207,998 mm dcz2 =200,000 mm
dpz = 193,546 mm dpg2 =190, 046 mm dg2 = 184,419 mm
Normal radius of relative curvature:
PtA
__Py 4 =12,2
Pna = B (45)  pna=12,285mm
Pn,AB = 15,663 mm pn,B=17,890 mm Pn,c = 19,074 mm
pn,D = 17,890 Pn,DE = 15,663 mm Pn,E = 12,285 mm

8 © ISO 2014 - All rights reserved
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4.1.2.2 Calculation of material data

-1

1-v,%2 1-v,2

E =2 -1 2"V2 6)
Eq E,

By =+AMm1PM1CM1 (82)
Byz =AMz PM2 CM2 (83)

4.1.2.3 Calculation of operating conditions
Loading:

mo

P=2-r-—
60 1000

(85)
F, 2000 &
dy

Ty

Fy, =2 000 -
dp1

Local load sharing factor:

ISO/TR 15144-2:2014(E)

Eyr =226 374 N/mm?2

Bwmy1 = 12 427,4 N/(ms0.5K)

Bumz = 12 427,4 N/(ms0.5K)

P =590 kW

Ft=19091N

Fpt=20316 N

NOTE No tooth flank modifications, spur gears, gear quality <7 (see ISO/TR 15144-1:2014, Figure 2).
Q-2 1 gp
=t =
AT 5 3 g5 (46) Xa=0,333
Xap=0,500 Xp=1,000 Xc=1,000
Xp=1,000 Xpg =0,500 Xg=0,333
Elasticity factor:
EI'
Zg= 3 (26) Zg = 189,812 (N/mm2)0,5
T
Local Hertzian contact stress:
=Z fr Xy 25 963 N/mm?
PuAB=ZE b Php -coSa, <03 g (25)  pHAB= /mm

pH,AB,B = 1 045 N/mm? pH,B,B = 1 383 N/mm?

pu,p,B = 1383 N/mm?2 pH,DE,B = 1 045 N/mm?2

Pdyn,aB=PHAB VKA - Kv -Kpo Kug (24)

© IS0 2014 - All rights reserved
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Pdyn,AB,B = 1 175 N/mm?2 Pdyn,B,B = 1 555 N/mm?2
Pdyn,D,B =1 555 N/mm?Z Pdyn,DE,B = 1 175 N/mm?2
Velocity:
Vg, A= VrL,A ~ Vr2,A (81)
vg,aB =-10,137 m/s Vg B=-5974m/s
VgD =5974m/s Vg DE = 10,137 m/s
VE,A=Vr1,A+ Vi2A (13)
vy, AB = 23,969 m/s vy B = 23,969 m/s
vy D= 23969 m/s Vs DE = 23,969 m/s

Effective arithmetic mean roughness value:
Ra=0,5-(Ra; +Raj) (3)
4.1.2.4 Calculation of lubricant data
X1, = 1,0 for mineral oil (see ISO/TR 15144-1:2014, Table 3)
t3g = 2,657 1078 - 1og 1348 9)
Xs = 1,2 for injection lubrication

4.1.2.5 Calculation of the material parameter

Mean coefficient of friction:

R 0,25
Xg =22 —= (87)
pn,C

Kpy=1,0 forey<2

02
KpKy Ky Kug - For 'K ' -0,05
Um:0'045'[ A bHa Hp b Byj '(103'779011) Xp-X, (86)
Ve Pnc
Bulk temperature:
1 1
HV=(312+822+1—3(1)- —_—t— | foreq <2 91
Zy Zp ) cospfy
Emax = €1 =¢&2
Xca = 1,0 for no profile modification (method B) (101
0,72
P-u,-H,\" X
Oy =0,y +7400 —Fm v | 2S5 (84)
a-b 1,2-Xc,

10

Pdyn,c,B =1 506 N/mm?2

Pdyn,E,B = 1 084 N/mm?

Vg A =-14,300 m/s
vgc=0m/s

Vg E = 14,300 m/s
vzA=23969 m/s
vy,c=23,969 m/s

vy E =23,969 m/s

Ra =090 um

a3g =2,15-108 m% /N

Xr=1,025

fim = 0,048

Hy=0,204

Om =153,6°C

© ISO 2014 - All rights reserved
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Material parameter:

Gm =106 - agy - Er (5)

4.1.2.6 Calculation of the velocity parameter

Ue=no . ViA
A=TOM 3000 E 5 N (12)
r Fn,
Uag=1,572-1011 Ug=1,377-1011
Up=1,377-1011 Upg =1,572-1011

4.1.2.7 Calculation of the load parameter

2.z 'pdyn,AZ
Wy =—"20 (22)
Er
Wag =1,694-10-4 Wg=2,966-10-4
Wp=2,966"-10-4 Wpg = 1,694 - 10-4

4.1.2.8 Calculation of the sliding parameter

Local flash temperature:

Jr o 10%-pup- Pdyna |V ‘ gA‘ Pdyn,A
Opp =" [ S w—

(80)
2 ByiyVra +BM2\/V1"2A 1000-E,
01,48 = 154,1°C Of1,8 = 145,4° C
0,0 = 145,4° C Os1,pE = 154,1° C

Local contact temperature as sum of bulk and local flash temperature:

OB,A=6M + 611 A (79)
05,8 = 307,7° C O, = 299,0° C
O, = 299,0° C 08,05 = 307,7° C

Local sliding parameter:

aoB,A "T10B,A
SeFA=— (27)
*oM "MoM
ScraB = 0,076 Ser = 0,086
Scep = 0,086 ScrpE = 0,076

© IS0 2014 - All rights reserved
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Gm=2678,6

Ua = 2,005 - 1011

Uc=1,291-1011

Ug = 2,005 - 1011

Wa=1,1440-10-4

Wc=2,781-10-4
Wg=1,1440- 104

0,4 =175,3°C

Or,c=0°C

Ong=175,3°C

6p,a = 328,9°C
Op,c = 153,6°C
O, = 328,9°C

Scra = 0,057

Serc=1,000

Scrg = 0,057

11
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4.1.2.9 Calculation of the lubricant film thickness

hy =1600 - pp p - Gy U, %7 W, 013 5 g 072 4) ha=0,122 pm
hag=0,137 um hg=0,136 um hc =0,241 pm
hp =0,136 pm hpg = 0,137 pm hg=0,122 pm
4.1.2.10 Calculation of the specific lubricant film thickness
AGEA fa 2) AGrA = 0,136
Ra
Acr,AB =0,153 AGrB = 0,152 Acrc=0,267
AGgDp = 0,152 AGrDE = 0,153 AGrE = 0,136
AGF,min = AGF,A = AGFE AGF,min = 0,136
4.1.2.11 Calculation of the micropitting safety factor
S, = AGEmin ) Sy = 0,644
AGFP

The calculation of the permissible specific lubricant film thickness, Agrp, for example 1 is shown
exemplary in 4.1.4.

The final results for the calculation of the safety factor against micropitting, S,, for example 1 are shown
in Table 3.

Table 3 — Results of calculation according to method B — Example 1

Point A AB B C D DE E
AGEY 0,136 0,153 0,152 0,267 0,152 0,153 0,136
AFmin 0,136
AGFP 0,211

Sa 0,644

4.1.3 Calculation according to method A

The calculation of example 1 according to method A was carried out by a 3D-calculation programme.
Calculated results during method A will vary depending on the method of determining load distribution.
The load distribution, on which the following calculation according to method A is based, is shown in
Table 4. The maximum values are printed in bold.

Table 4 — Matrix of pressure distribution — pyy,A in N/mm2

No reproduction or networking permitted without license from IHS

Width in mm
0,0 7,6 13,8 21,4
A 1115 1110 1110 1114
AB 1048 1044 1044 1047
1375 1373 1373 1375
C 1342 1339 1339 1342
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Table 4 (continued)
Width in mm
0,0 7,6 13,8 21,4
D 1048 1045 1045 1048
DE 1050 1046 1046 1050
E 1099 1094 1094 1099

The resulting matrix of specific lubricant film thickness according to method A is shown in Table 5. The
minimum value is printed in bold.

Table 5 — Matrix of resulting specific lubricant film thickness Agry

Width in mm

0,0 7,6 13,8 21,4

A 0,122 0,123 0,123 0,122
AB 0,159 0,160 0,160 0,159
0,159 0,159 0,159 0,159

C 0,270 0,271 0,271 0,270
0,197 0,198 0,198 0,197

DE 0,159 0,159 0,159 0,159
E 0,124 0,125 0,125 0,124

For the calculation of the micropitting safety factor according to method A, the minimum value of the
matrix of resulting specific lubricant film thickness, shown in Table 5, was used.

A .
s, =-chmin 1) $1=0577
AGFp
NOTE The difference in safety factor calculated between methods A and B in the above example 1 results

from the simplified calculation of load distribution according to method B.

4.1.4 Calculation of the permissible lubricant film thickness

Calculation of the permissible specific lubricant film thickness from the test result of the FZG-FVA
micropitting testl[l] (Method B) with the reference test gears type C-GF.

The calculation of the reference value, AgpT, is done for point A because the minimum specific lubricant
film thickness for gear type C is always at point A. All data of the reference test gears type C-GF have the
subscript “Ref”.

© ISO 2014 - All rights reserved 13

Provided by IHS Licensee=University of Alberta/5966844001, User=sharabiani, shahramfs
No reproduction or networking permitted without license from IHS Not for Resale, 11/01/2014 03:48:34 MDT



ISO/TR 15144-2:2014(E)

Table 6 — Input data for calculation of the permissible lubricant film thickness

C-GF
Symbol Description Unit pinion | wheel
comb.
ZRef number of teeth - 16 | 24
MmiRef |transverse module (mpRef = MtRef) mm 4,5
anRef |transverse pressure angle (apRef = QtRef) ° 20
Bbref  |base helix angle (Bbref = Bref) ° 0
bRef face width mm 14
dRef centre distance mm 91,5
XRef addendum modification factor - 0,1817 0,1716
daref |tip diameter of pinion mm 82,45 118,35
- tooth flank modifications - no modifications
Geometry Raper |arithmetic mean roughness value um 0,50 0,50
ERef modulus of elasticity N/mm? 206 000 206 000
VRef Poisson’s ratio - 0,3 0,3
AMRef |specific heat conductivity W/(m-K) 45 45
cMRef |specific heat per unit mass ]1/(kgK) 440 440
PMRef |density kg/m3 7 800 7 800
material factor according to ISO/TR 15144-
Wey 1:2014, Table A.1 ) 10
(for matching case carburised/case carbur-
ised)
KaRref |application factor - 1,0
§ Kyret |dynamic factor - 1,05
Application
3 Kuaref |transverse load factor - 1,0
Kypref |face load factor - 1,10
Tiref |nominal torque at the pinion for SKS 8 Nm 171,6
Ijs;)ad niRef |rotation speed of the pinion min-1 2 250
puan |Tominat Hertaon contact st et o | wmme | 110
- lubrication - injection lubrication
NOTE The used values for Kyref and Kygres are valid for the standard FZG back-to-back test rig and standard

conditions.

Table 7 gives the nominal Hertzian contact stress at point A for the reference test gears type C-GF as a
function of the reached failure load stage (SKS) in the FZG-FVA micropitting test.[1]

14 © ISO 2014 - All rights reserved
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Table 7 — Relation between failure load stage according to FZG-FVA micropitting testl1] and
nominal Hertzian contact stress at point A

Nominal torque at the Hertzian contact stress at inal .
SKS pinion in point C in Noml_na Hertz1ar_1 contact stress
Nm N/mm? at point A according to method A
5 70,0 795,1 764
6 98,9 945,1 906
7 132,5 10939 1048
8 171,6 12449 1191
9 215,6 1395,4 1333
10 265,1 15473 1476

4.1.4.1 Calculation of gear geometry

d1Ref =Z1Ref *MRef

doRef =Z2Ref *MiRef

dp1Ref =d1Ref *COS U Ref
dp2Ref =d2Ref *COS U Ref

2'aRef

d =
wlRef
URef +1

deRef :z'aRef _dwlRef

Z1Ref T Z2Ref ) *MRef " COSA(Ref

O ytRef =AarcCCoS { (

PetRef =MtRef "7 - COSA(Ref

2'aRef

d1Ref= 72,00 mm

d2Ref = 108,00 mm

URef = 1; 5

dbiRef = 67,658 mm

dp2Rref = 101,487 mm

dwlRef: 73,20 mm

dw2Ref = 109,80 mm

wtRef = 22,439 °

PetRef = 13,285 mm

Z
_ “1Ref
€1Ref = 2om ) &1Ref = 0,722
Z
_ “2Ref
CoRef =7, €2Ref = 0,714

© IS0 2014 - All rights reserved 15
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2
daZRef

2
_ dyoRef

2 2
R _\/dalRef _ dpiRef +\/
€
* Petref 4 4

bRef -sin ﬁRef

EBRef = '
MpRef * 7

€yRef =€ oRef TE2Ref

4

4

—ORef "SINCyRef | £qRef = 1,436

ERef =0

EyRef = 1,4‘3 6

2 2 2 2 .
gaRefzo'S'(\/dalRef —dp1Ref +\/da2Ref —dpoRef )—aRef'SlnathefgaReF19,079 mm

JgARef = 0 mm (34)
2 2 2 2
dp1Ref dairet”  dbiRef
dAlRef =2 et e — € ~Y9oRef T Y ARef (41)
4 4 4
2 2 2 2
d d d
dAZRef -2. b2Ref + \/ a2Ref ~ “b2Ref — g ARef (42)
4 4 4
: d p1Ret >~ dpiRet
ptji,ARef :\/ Y (44)
2_d
ptl CRef _\/ w1Ref blRef (44,)
d 2 4
ptZ ARef _\/ A2Ref bZRef (44)
—d
pt2 CRef _\/ WZRef bZRef (44_)
Pt1,ARef * Pt2,ARef
PtARef = - - (43)
Pt1,ARef 1 Pt2,ARef
Pt1,CRef “ Pt2,CRef
Pt,CRef = - - (43)

Pt1,cRef T Pt2,CRef

16

Provided by IHS
No reproduction or networking permitted without license from IHS

gARef = 0 mm

da1Ref = 68,249 mm

daoref = 118,350 mm

Pt1,ARef = 4,482 mm

Pt1,cRef = 13,970 mm

pt2,ARef = 30,443 mm

Pt2,CRef = 20,955 mm

Pt,ARef = Pn,ARef = 3,907 mm

Pt,CRef = Pn,CRef = 8,382 mm
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4.1.4.2 Calculation of material data type C-GF

1
2 2
1- 1-
ErRef :2‘( Eleef + EVZRef ] (6) ErRref =226 374 N/mm2
1Ref 2Ref
B =124274 N
BMiRef = AM1Ref * PM1Ref “CM1Ref (82) (rrsl(}igf[() /

B =12 4274 N
BMaRet =/ AM2Ref - PM2Ref *CM2Ref (83) (HI\;ISZS{EfK) /

4.1.4.3 Calculation of operating conditions of FVA-FZG micropitting test

NiRef T1Ref

P —2.7. LiRef 85) Pref= 40,43 kW
Ref 60 1000 (85) Pref

TiRef
FRef =2000'd— Fbtref=5072,6 N

b1Ref
Pdyn,A ARef = PH,AARef “\ K ARef *KyRef (24) pdyn,a,ARef= 1220 N/mm?2

NiRef dwiRef d ptRet >~ dpiRet
Vrl,ARef:2’”'W'm‘smathef' > 5 (14) vri,ARef=1,056 m/s

w1Ref _dblRef

Vi1 CRef = 27— = — = SINQ 1Ref (14) vr1,cref=3,292m/s

Vr2,ARef = 4,782 m/s

NiRef  dw2Ref . d pzret >~ dpzRet”
Vi2,ARef =277 : “SINA yiRef - (15)

. 2 2
60-uper 2000 dyorer” ~db2Ref

N1Ref dWZRef .
v =27 . -sina -
r2,CRef 60-upy 2000 wtRef (15) vr2,cref=3,292m/s

Vg ARef = Vr1,ARef ~Vr2 ARef (81) vg,ARef=-3,726 m/s
V3 ARef = Vr1,ARef T Vr2 ARef (13) vy ARef=5,838m/s
Vs CcRef =Vr1,CRef T Vr2,CRef (13) vs,cref=6,583m/s
Rapes =0,5-(Rajgef +Ragger ) (3) Ragef= 0,50 um

4.1.4.4 Calculation of lubricant data

Ooilref = Boil = 90 °C

NooilRef = N0oil = 0,021 N-s/m?2

© ISO 2014 - All rights reserved 17
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Xsgref = 1,2 for injection lubrication

4.1.4.5 Calculation of the permissible specific lubricant film thickness

0,25
X et =2,2-( Rapet ] (87) Xipet = 1,087
Pn,CRef
KgyRef = 1,0 for & <2 (88)
[TKRef = KaRef * KvRef * KHaRef * KHpRef * KByRef [IgRef = 1,155
TTK o Fotret > 0,05
HUmRef =0,045- Ref '(103 'erilRef) - XRRef X1, (86) UmRef= 0,063

bRref *Vs CRef * Pn,CRef

2 2 1 1 T
HvRef=(31Ref +EoRef +1_g(xRef)'( + ] for 91) Hyger= 0,195

Z1Ref Z2Ref ) COSPpRef

Eq <2
Xcaref = 1,0 for no profile modification (method B) (101

P H 072 X
OMRer = OoilRef +7400'[ Ref "FmRef "~ vRef j - SRef (84) OMmper= 1159 °C

aRef 'bRef 12 XCaRef

log[log(vgmper +0,7)]=A-log(Oyper +273)+B (17) veMRef = 12,317 mm?2/s

OMRer +273)—289
PoMRef = P15 '{1—(”7' (O g ) (20) pomRef = 825,1 kg/m3

15
NomRef =107° v gumRef  PoMRet (16) nemRer = 0,010 N-s/m?2
o a 1+516 ! ! (8) 1,436-10-8 m2/N
= ) ’ - a =1,436-10-5m
OMRef = %38 Ovper +273 311 BMRef

Giref =10° - omrer - ErRet (5) GMRer= 32499

Vs ARef
2000 'ErRef " Pn,ARef

U ARef =TOMRef * (12) Uagef = 3,354-10-11

2
2'77'-'pd n,ARef
WARef =— (22) WaRetr=1,825-10-4

2
rRef

J_ 10° ppRef - Pdyn,ARef ‘|VgARef Pdyn,ARef
| | pnARef YRR (80) gfl,ARef= 82,5°C

O ARef =
2 BMlRef\/Vrl ARef +BM2Ref\lVr2 ARef 1OOO'ErRef

18 © ISO 2014 - All rights reserved
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OB ARer = OMRef + 011 ARef

log[log(vgp aref +0,7)]1=A-10g(0p ppes +273)+ B

(05 ARet +273)—289
P15

PoB ARef =P15°| 1-0,7-

-6
NoB,ARef =10~ *Vop ARef * POB,ARef

1 1
0B,ARef = *38 [QB, ARef +273 311]

O 9B, ARef “T10B,ARef

SGFARef =
A gMRef "T1OMRef

0,6 0,7 ~0,13
hpper =1600- py aRer “GMmRer ~ "Unrer ~ *WaRef “SGF,ARef

hARef
Ra Ref

AGFT = AGF ARef =

Agrp =14 -Wyy - Agpr

4.2 Example 2 — Spur gear

© IS0 2014 - All rights reserved

0,22

ISO/TR 15144-2:2014(E)
(79) 6B,aRef = 198,3 °C

(30) veB,ARef = 3,112 mm2/s
(33) poB,ARef = 767,4 kg/m3

(29) neB,ARef = 0,002 N-s/m2

(28) a0, ARef = 9,364-10-9 m2/N

(27) ScF,ARef = 0,153
(4) haref=0,075 pm
(2) Agrr=0,151

Acrp = 0,211

The result of this example is confirmed by experimental investigations. The gears were micropitted and
had profile deviations of approximately 15 um. Figure 2 shows a diagram of the observed location and
severity of micropitting for the pinion of example 2.

19
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—

20 ym
———— D
———— C
— B
- A

Key
1 tip
2 root
Figure 2 — Diagram of schematic profile deviations of the pinion for example 2
NOTE Example 2 is only calculated according to method B. Furthermore, no modifications for the calculation

according to method B were considered.

4.2.1 Inputdata

Table 8 — Input data for Example 2

Example 2
Symbol Description Unit pinion wheel
comb.

z number of teeth - 20 20

- driving gear - X
mp normal module mm 10,0

an normal pressure angle ° 20

B helix angle ° 0

Geometry b face width mm 15

a centre distance mm 200

X addendum modification factor - 0,0 0,0

dy tip diameter of pinion mm 220,0 220,0

- tooth flank modifications - no adequate tip relief
Q gear quality - 6 6
Ra arithmetic mean roughness value pum 0,80 0,80

20 © ISO 2014 - All rights reserved
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Table 8 (continued)
Example 2
Symbol Description Unit pinion wheel
comb.
- material - Eh Eh
E modulus of elasticity N/mm?2 206 000 | 206000
Poisson’s ratio - 0,3 0,3
AMm specific heat conductivity W/(m-K) 45 45
Material Cm specific heat per unit mass ]/ (kgK) 440 440
oM density kg/m3 7 800 7 800
Wi material factor according to ISO/TR 15144-
1:2014, Table A.1 (for matching case carburised/ - 1,0
case carburised)
Ka application factor - 1,0
Application Ky dynamic factor - 1,038
Kua transverse load factor - 1,0
Kug face load factor - 1,05
Load T1 nominal torque at the pinion Nm 2400
nq rotation speed of the pinion min-1 1000
Yoil oil inlet temperature (injection lubrication) °C 70
V40 kinematic viscosity at 40 ° C mm?2/s 150
V100 kinematic viscosity at 100 ° C mm?2/s 14,7
Lubricant P15 density of the lubricantat 15° C kg/m3 890
- oil type - mineral oil
- failure_load stage at test temperature (70 ° C) i SKS 10
according to FVA 54/7
AGFP permissible lubricant film thickness - 0,171

4.2.2 Calculation according to method B

4.2.2.1 Calculation of gear geometry (according to I1SO 21771)

Basic values:

m
m, =—=
cospf

dl =Zq1- Mg
dz :Zz'mt

_Z3
z

u

© IS0 2014 - All rights reserved
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m¢=10,000 mm

d1=200,000 mm

dz =200,000 mm

u=1,00

21
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tano,
o, =arctan ay=20,000°
cospf
dy =dq-coso dp1 = 187939 mm
dy, =d,-cosory dp2 = 187,939 mm
2.
Ay = dw1 =200,000 mm
u+1
dyy=2-a-d,, dw2 = 200,000 mm
Z1+2Zy)-mg-cosa
Oyt =arccos{( 1 2) t t } awe=20,000°
2-a
By, =arcsin(sin -cosa, ) Bb=0°
Pet =M "7 -COSOL; Pet = 29,521 mm
_ - _
z d
2.7 dbl
_ - -
z d
822—2' Za2 _1_tanawt e2=0,778
27 db2
1| |dy® dy? \/dazz dyp” ,
£ =—. — + - —a-sina =
o pet \/ 4 4 4 4 wt Ea 11557
b-sin 8
gg=—"mr =
P m,-m =0
£y =€ +&p gy =1,557
Ja =0,5-(\/d312 _dblz +\/d322 —dbz2 j—a-sinozwt Jo = 45,960 mm

Coordinates of the basic points (A, AB, B, C, D, DE, E) on the line of action:

ga=0mm (34) ga=0mm
JAB =g°‘;2pet (35)  ga=8,219 mm
22 © ISO 2014 - All rights reserved
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9B =Yo ~Det (36) 9B = 16,439 mm
2 2
ge=D1 ang,, — [dar” 1" o (37)  gc= 22,980 mm
2 4 4
9p =Pet (38) gp = 29,521 mm
9o —P
9pE ===+ Py (39)  gpg=37741mm
9E =Y (40) 9gE = 45,960 mm
2 2 2 2
dpg = Do1” dzl - dzl ~Go+9a (41)  da1=189,274mm
dap1 =191,919 mm dg1 =195,912 mm dc1=200,00 mm
dp1 = 204,844 mm dpg1 = 211,920 mm dg1=220,000 mm
2 2 2 2
dpp=2- Da_ ,/daz _ b2 ~ga (42)  daz=220,000 mm
4 4 4
dagz = 211,920 mm dgz = 204,844 mm dc2 =200,000 mm
dp2 =195,912 mm dpg2 = 191,919 mm dg2 = 189,274 mm
Normal radius of relative curvature:
PtA
__"t 45 =9,381
P = 8 (45)  pna=9381mm
Pn,AB = 13,916 mm pn,B = 16,475 mm pnc=17101 mm
pn,p = 16,475 mm pn,DE = 13,916 mm PnE=9381 mm
4.2.2.2 Calculation of material data
-1
1-v{% 1-v,?
E =2 |-—Y1 2"V2 6)  Er=226374 N/mm2
Eq E,
Bymo =JAM2  PM2 M2 (83) Bm2 = 12 427,4 N/(ms0,5K)

© IS0 2014 - All rights reserved
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4.2.2.3 Calculation of operating conditions

Loading:

m Ty
60 1000

P=2-r

T
F,=2000-—-L
1

T
Fyy =2000-—1
dpq

Local load sharing factor:

NOTE
R 7Y
15 3 gB
Xag=0,500
Xp=1,000
Elasticity factor:
E
Z — r
E 2.

Local Hertzian contact stress:

Fo X,
Puag=ZE" |7
“Ppa "€OSAy -COS By,

pH,AB,B = 1 485 N/mm?2

pH,p,B = 1930 N/mm?2

Paynas =Puas Ka Ky -Kio Ky

Pdyn,AB,B = 1 550 N/mm?2
Pdyn,D,B = 2 014 N/mm?2

Velocity:
VgA=Vr1,A “Vr2A
vgAB = -3,091 m/s
vgp =1,370 m/s
V¥ A=Vr1,A*tVr2 A

24
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(85)

(46)
Xg=1,000
Xpe = 0,500
(26)
(25)

pH,B,B =1930 N/mm?

pH,DE,B = 1 485 N/mm?2
(24)

Pdyn,B,B = 2 014 N/mm?2

Pdyn,DE,B = 1 550 N/mm?

(81)
vgB=-1,370 m/s
vg,DE = 3,091 m/s

(13)

P=251kW

Fy=24 000N

Fpt=25540N

No tooth flank modifications, spur gears, gear quality < 7 (see ISO/TR 15144-1:2014, Figure 2).

XA =0,333

Xc=1,000

Xg=0,333

Zg = 189,812 (N/mm2)0.5

pH,AB=1476 N/mm?2
pH,c.B=1894 N/mm?
pHEB = 1476 N/mm?
Pdyn,A,B =1 541 N/mm?

Pdyn,c,B = 1977 N/mm?2

PdynE,B = 1 541 N/mm?2

vga=-4,813m/s

vg,c=0m/s
vgE=4813m/s

vz,A=7163 m/s

© ISO 2014 - All rights reserved
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vy, AB = 7,163 m/s vy, =7163 m/s vs.c=7163 m/s
vyp = 7163 m/s Vy,DE = 7,163 m/s vy E=7163 m/s

Effective arithmetic mean roughness value:
Ra=0,5-(Ra; +Ra,) (3) Ra=0,80 pm
4.2.2.4 Calculation of lubricant data
XL, = 1,0 for mineral oil (see ISO/TR 15144-1:2014, Table 3)
O3 =2,657-1078 15501348 9  azs=2,05-10-8m2/N
Xs = 1,2 for injection lubrication

4.2.2.5 Calculation of the material parameter

Mean coefficient of friction:

R 0,25
Xp =2,2:| —= (87)  Xr=1,023
Pnc
Kgy=1,0forey, <2 (88)
Ka Ky -Kig - Kup-For Kg, | o (- s 005
Uy, =0,045- .(10 .neoﬂ) Xg-Xy (86)  pim=0,067
b-vsc-pnc
Bulk temperature:
1 1
HV=(812+822+1—SQ)-[—+—]- foreq <2 (91) Hy = 0,206
Zy Zp ) cosfy
€max =¢€17¢2

Xca = 1,0 for no adequate profile modification (method B) (101)

P-u_ -H X
QMZQOH +7400(M] 0,72 s (84) 0M= 126,6 °C

a-b 1,2- X,
Material parameter:

Gy =10% -agy -E, (5) Gm =293 6,2

4.2.2.6 Calculation of the velocity parameter

Vs A
U, = Y S - 10-11
A=ToMm 20006, -pyn (12)  Ua=1,087-10

© IS0 2014 - All rights reserved 25
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Uap = 7,325-10-12 Ug = 6,187-10-12 Uc=5961-10-12

Up = 6,187-10-12 Upg = 7,325-10-12 Ug =1,087-10-11

4.2.2.7 Calculation of the load parameter

2-w-p 2
Wy ="———h (22)  Wa=2913-10-4
Er
Whg = 2,94610-4 W = 4,976-10-4 We = 4,794-10-4
Wp = 4,976-10-4 WpE = 2,946-10-4 W = 2,913-10-4

4.2.2.8 Calculation of the sliding parameter

Local flash temperature:

\/’ 10° "M PdynA ‘ gA‘ Pdyn,A

GﬂA = \/ PnA -
2 BumiVria +Bm2yVi2a 1000-E,

Or,aB = 170,3 °C OnB=119,2°C On,c=0°C

(80)  Opa=2257°C

61p = 119,2 °C 651 pE = 170,3 °C O g = 225,7 °C

Local contact temperature as sum of bulk and local flash temperature:

Opa =0M+0p 4 (79)  6pa=352,3°C
OB,AB =296,9 °C OB = 245,8 °C Og,c=126,6 °C
Og,p = 245,8°C 0B,pE = 296,9 °C Og,g =352,3°C

Local sliding parameter:

(04 ‘n
SGF,A — 984 TOBA (27) Scra =0,024
oM ‘oM
ScraB = 0,049 Sgrp =0,102 Serc=1,000
Serp = 0,102 SGepE = 0,049 SerEe = 0,024

4.2.2.9 Calculation of the lubricant film thickness

hy =1600-p,, o -Gy 2 U L7 - W, 0135, 072 4) ha = 0,048 pm
hag = 0,064 um hg =0,074 pm hc=0,124 pm
hp = 0,074 um hpg = 0,064 pm hg = 0,048 um
26 © IS0 2014 - All rights reserved
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4.2.2.10 Calculation of the specific lubricant film thickness

h

AGEA = R—I; 2) AGEA = 0,060
Acr.aB = 0,080 AcrB = 0,092 Agrc = 0,155
Agrp = 0,092 AcrpE = 0,080 Agrg = 0,060

AGF,min = AGF,A AGFmin = 0,060

4.2.2.11 Calculation of the micropitting safety factor

. A‘GF,min

S 1) S3=0,353

AGFp

The final results for the calculation of the safety factor against micropitting, S), for example 2 are shown
in Table 9.

Table 9 — Results of calculation according to method B — Example 2

Point A AB B C D DE E
AGEY 0,060 | 0,080 | 0,092 | 0,155 0,092 | 0,080 | 0,060
AGF,min 0,060
AGFp 0,171
Sx 0,353

NOTE With reference to ISO 15144-1, 5.4, for Gyjjref the oil temperature, at which the test was performed, has
to be used. Micropitting load capacity is significantly influenced by additives, often more than by the viscosity.
As the effectiveness of additives depends significantly on temperature, it is recommended to test the oil at the
temperature used in the application.

Normally, the FZG-FVA micropitting testll] is executed at 90 °C oil temperature. The data from oil
providers should contain together with the failure load stage SKS also the test temperature.
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4.3 Example 3 — Helical gear

The result of this example is confirmed by experimental investigations. The gears were micropitted and
had profile deviations of approximately 10 pm (pinion) and 5 um (wheel). Figure 3 shows a diagram of
the observed location and severity of micropitting for pinion and wheel of example 3.

~—
~—
|
>

—
15 um
———1— D ———1— B
——1— C ———— C
—— |-— B ———— D
—7 — A —7 — E
2 2
a) pinion b) wheel

Key
1 tip
2  root
Figure 3 — Diagram of schematic profile deviations of pinion and wheel for example 3
NOTE For the calculation according to method B, no modifications were considered.
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4.3.1 Inputdata

Table 10 — Input data for Example 3

Example 3
Symbol Description Unit pinion wheel
comb.
z number of teeth - 33 34
- driving gear - X
mp normal module ° 4,5
an normal pressure angle ° 20
B helix angle (right-hand on pinion) mm 19,578
b face width ° 44
a centre distance ° 160
X addendum modification factor mm 0,0 0,0
Geometry . —
da tip diameter of pinion mm 166,61 0,0
linear tip relief
Ca1 =50 um,
- tooth flank modificationsa - dgnd1 = 162,72 mm
Ca2 =50 um,
dgnd2 = 162,52 mm
Q gear quality - 4 4
Ra arithmetic mean roughness value pum 0,45 0,45
- material - Eh Eh
E modulus of elasticity N/mm? 206 000 206 000
Poisson’s ratio - 0,3 0,3
AMm specific heat conductivity W/(m-K) 45 45
Material Cm specific heat per unit mass ]J/(kg'K) 440 440
oM density kg/m3 7 800 7 800
Ww material factor according to ISO/TR 15144- - 1,0
1:2014, Table A.1 (for matching case carbur-
ised/case carburised)
Ka application factor - 1,0
Application Ky dynamic factor - 1,05
KHa transverse load factor - 1,0
Kup face load factor - 1,10
Load T1 nominal torque at the pinion Nm 4000
nq rotation speed of the pinion min-1 3000
a  Calculation according to method B: modifications assumed as not adequate; calculation according to method A:
modifications recognized during calculation of pressure distribution.
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Table 10 (continued)

Example 3
Symbol Description Unit pinion wheel
comb.
Yoil oil inlet temperature (injection lubrication) °C 90
V40 kinematic viscosity at 40 °C mm?2/s 76,5
V100 kinematic viscosity at 100 °C mm2/s 8,0
Lubricant P15 density of the lubricant at 15 °C kg/m3 895
- oil type - mineral oil
AGFP permissible lubricant film thickness deter- - 0,112
mined from a representative bench test
a  Calculation according to method B: modifications assumed as not adequate; calculation according to method A:
modifications recognized during calculation of pressure distribution.

4.3.2 Calculation according to method B

4.3.2.1 Calculation of gear geometry (according to ISO 21771)

Basic values:

m, =0 4,776
t cos mg = 4, mm
dlzzl-mt d1:157,612 mm
dz =Zz'mt d2:162,388 mm
z
u==% u=1,03
21
tana,
o =arctan ay=21,122°
cosf

dy; =dq-cosa, dp1 = 147,023 mm
dpp =dy-cosay dpz = 151,479 mm
2-a
dy =—— dw1 =157,612 mm
Wl wl
dyp=2-a-dy, dy2 = 162,388 mm

Zy+2Z,)-mg-cosa
Oyt :arccos{( ! 2) t t:l awe=21,122°
2-a
By, =arcsin(sin §-cosa, ) Bb = 18,354 °
30 © ISO 2014 - All rights reserved
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2
g =1 \/dal _dy \/daZ dyy
* Pet 4 4 4
SB:b-smﬁ
my 7w
£, =8¢ TEp

g =0,5-[\/aral2 —dyy2 +d,,? —dy,? )—a-sinawt

ga=0mm

_ Yo ~Pet
9 AB —2

9B =Y —Pet

2 2
da1”  dpg

wt 4 4

d
gc:%-tana +9,

2 2 2
doop. |01 | [da1” dbs
Al 4 4 4

dap1 =153,115 mm

© IS0 2014 - All rights reserved

No reproduction or networking permitted without license from IHS

—90179A

dg1 = 155,417 mm

Coordinates of the basic points (A, AB, B, C, D, DE, E) on the line of action:

(34)

(35)

(36)

(37)

(38)

(39)

(40)

(41)

ISO/TR 15144-2:2014(E)

Det = 13,997 mm

£1=0,771

£2=0,774

Ea = 1,545

ep = 1,043

gy = 2,588

Ja=21,623 mm

ga=0mm

gaB = 3,813 mm

gB =7626 mm

gc=10,832 mm

gp =13,997 mm

gpE = 17,810 mm

gE=21,623 mm

da1 =151,162 mm

dc1=157,612 mm
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dp1=160,002 mm

2
2 2 2
doo—o. [db2” | [da2” dpp”
A2~ 4 4 4 ga

dagp2 = 167957 mm

dp2 = 160,216 mm

Normal radius of relative curvature:

__Pta
cos f3,

P nA

Pn,AB = 14,173 mm

Pn,D = 15,050 mm

4.3.2.2 Calculation of material data
B, :2.[1_]5‘,112 . 1_EV222 ]1
Bym1 =+AM1 - PM1CM1
Byz =AMz - PM2 CM2

4.3.2.3 Calculation of operating conditions

Loading:
pp.z.m. 1

60 1000

T
F,=2000-—L1
dl

T
Fye =2000-—1-
dpq

Local load sharing factor:

dpg1 = 163,161 mm

dp2 = 164,807 mm

dpg2 = 157,897 mm

Pn,B = 14,945 mm

Pon,DE = 14,403 mm

dg1 = 166,610 mm

(42)  daz=171,390 mm

dc2 = 162,388 mm

dg2 = 155,916 mm

(45) Pn,A=12,869 mm

Pn,c = 15,183 mm

Pn,E = 13,225 mm

(6) Ey = 226 374 N/mm?2

(82)  Bwm1=12 4274 N/(ms05K)

(83)  Bwmg = 12 427,4 N/(ms05K)

(85) P=1257kW

Ft=50758N

Fpt=54413N

NOTE Helical gears, £g = 1, unmodified profile (see ISO/TR 15144-1:2014, Figure 12).

1
Xa=—Xpura
o

32
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Xa=0,841

69
( ) (Xbut,A = 1'3)
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Xap =0,647

(Xbut,AB = 1,0)

Xp = 0,647

(Xbut,p = 1,0)
Elasticity factor:

Er

o=
E 2.7

Local Hertzian contact stress:

Fo-Xu
pH,A,B:ZE'\/b -
“Pn,a "€COSQy -COS By,

PH,ABB = 1464 N/mmz

pu,p,B=1421 N/mm?2

Paynas =Pias yKa Ky -Kia Kyp

Pdyn,AB,B = 1 574 N/mm?2
Pdyn,p,8 =1 527 N/mm?2
Velocity:

Vga =Vr1A ~Vr2A
Vg,AB = -4,345m/s
vg,p = 1,959 m/s

VZ,A = Vr1,A + Vr2,A
vs,AB = 17778 m/s
vsp=17872m/s

Effective arithmetic mean roughness value:

Ra:0,5-(Ra1 +RE12)

4.3.2.4 Calculation of lubricant data

Xg=0, 647
(Xbut,3 = 1,0)
Xpg = 0,647
(Xbut,pE = 1,0)

(26)

(25)

pH,B,B = 1 426N/mm?2

pH,DE,B = 1 452 N/mm?2
(24)

Pdyn,B,B = 1 532 N/mm?

Pdyn,DE,B = 1 561 N/mm?2

(81)

vgB=-1984m/s
Vg DE = 4,320 m/s

(13)
vy =17,813 m/s

vy, pE = 17907 m/s

(3)

X1, = 1,0 for mineral oil (see Table 3 in ISO/TR 15144 part 1)

Olag =2,657-1078 13401348

Xs = 1,2 for injection lubrication

© IS0 2014 - All rights reserved
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(9)

ISO/TR 15144-2:2014(E)

Xc=0,647
(Xbut,c = 1,0)
Xg=0,841
(Xbut,e = 1,0)

Zg = 189,812 (N/mm2)0.5

pH,AB=1752 N/mm?2
pu,cB=1415N/mm?2
pHEB=1728 N/mm?2
Pdyn,A,B = 1 883 N/mm?

Pdyn,c,B = 1 520 N/mm?2

Pdyn,E,B = 1857 N/mm?

VgA=-6,706m/s

vgc=0m/s

Vg E= 6,681 m/s
vs.A=17743 m/s
vy,c=17,843 m/s

VyE = 17942 m/s

Ra=0,45 um

a3g =1,88:10-8 m2/N
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4.3.2.5 Calculation of the material parameter

Mean coefficient of friction:

R 0,25
Xp =2,2:| —= (87) Xr=0913
Pnc
Kgy = 1,238 for 2 <&y < 3,5 (89)
Ka-Ky-Kug - Kup-Foo Kgs ) . Y
Uy =0,045- '(10 'eril) Xg- Xy (86) pm = 0,054
b-vsc Pnc
Bulk temperature:
1 1
HV:(512+322+1—30L)-£—+—]- foreq <2 (91) Hy=0,128
Z1 Zp ) cosfy

€max =81 T&2
Xca = 1,0 for no adequate profile modification (method B) (101)

0,72
Py -Hy " X
T Hm My ) S (84)  Om=149,3°C

Oy = 6,51 +7 400- —2s
M=ol ( a-b 1,2 Xc,

Material parameter:

Gy =10% gy -E, (5) Gm =2388,5

4.3.2.6 Calculation of the velocity parameter

0. Vs A
A=TIOM 3000 5. pr s (12)  Up=743110-12
r Pn,
Upg = 6,761-10-12 Ug = 6,424-10-12 Uc = 6,334-10-12
Up = 6,400-10-12 Upg = 6,701-10-12 Ug = 7,312-10-12

4.3.2.7 Calculation of the load parameter

2:m-p 2
Wy =" (22)  Wa=4,347-10-4
E,
Whg = 3,036-104 Wpg =2,879-10-4 We =2,834-10-4
Wp = 2,859-10-4 WpE = 2,988-10-4 WEg =4,230-10-4
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4.3.2.8 Calculation of the sliding parameter

Local flash temperature:

\/_ 10° gy - PdynA ‘ gA‘ \/ Pdyna
PnA T

Opa = (80)
2 ByiyVia +Bm2q/Vi2a 1000-E,
0f1,aB = 124,0 °C On,B = 55,5 °C
%1, = 54,6 °C Os1,pE = 122,4 °C

Local contact temperature as sum of bulk and local flash temperature:

Opa =0Mm+0p4 (79)
OB,aB=273,4°C O, =204,8 °C
Og,p =203,9 °C Og,pE = 271,7 °C

Local sliding parameter:

oA "T10B,A
SGFA=— (27)
oM ‘oM
ScrAB = 0,135 ScrB = 0,361
SGep = 0,366 SerpE = 0,138

4.3.2.9 Calculation of the lubricant film thickness

0,6 0,7 -0,13 0,22
hy =1600-py 2 -Gy~ -Up ™" -Wy ‘SGFA 4)
hag = 0,067 pm hg = 0,086 pm
hp = 0,087 um hpg = 0,069 um

4.3.2.10 Calculation of the specific lubricant film thickness

h
Agra=—2 2
GFA = oo (2)
AGrAB = 0,150 AGeB = 0,191
Aggp = 0,192 AGr,DE = 0,152

AGFmin = AGF,A
4.3.2.11 Calculation of the micropitting safety factor

A .
S}L _ iF,mln (1)
GFP

ISO/TR 15144-2:2014(E)

Of,A = 241,7 °C

Or,c=0°C

61k = 237,7 °C

0B A = 391,0 °C

0p,c = 149,3 °C
0k = 387,0 °C

Scra=0,030

Scrc = 1,000

Sere=0,031

ha = 0,045 pm

hc=0,108 pm

hg =0,046 pm

AGr,a =0,099

Acrc=0,241

AcrE = 0,103

AGEmin = 0,099

5,=0,884

The final results for the calculation of the safety factor against micropitting, S;, for example 3 are shown

in Table 11.

© IS0 2014 - All rights reserved
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Table 11 — Results of calculation according to method B — Example 3

Point A AB B C D DE E

AGEY 0,099 0,150 0,191 0,241 0,192 0,152 0,103
AGEmin 0,099
AGFP 0,112
Sx 0,884

4.3.3 Calculation according to method A

The calculation of example 3 according to method A was carried out by a 3D-calculation programme.
Calculated results during method A will vary depending on the method of determining load distribution.
The load distribution, on which the following calculation according to method A is based, is shown in
Table 12. The maximum values are printed in bold.

Table 12 — Matrix of pressure distribution — py,y,a in N/mm?2

Width in mm

0,0 15,5 28,5 44,0

A 1205 768 742 384
AB 1572 1456 1457 1273
1568 1560 1550 1589
C 1518 1510 1530 1582
1516 1529 1574 1621
DE 1192 1423 1454 1623
E 250 655 765 1513

The resulting matrix of specific lubricant film thickness according to method A is shown in Table 13. The
minimum value is printed in bold.

Table 13 — Matrix of resulting specific lubricant film thickness, Agry

Width in mm

0,0 15,5 28,5 44,0

A 0,198 0,274 0,280 0,391
AB 0,191 0,203 0,203 0,225
0,244 0,245 0,246 0,242

C 0,323 0,324 0,323 0,320
0,251 0,250 0,245 0,241

DE 0,238 0,209 0,205 0,188
E 0,467 0,306 0,279 0,163
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For the calculation of the micropitting safety factor according to method A, the minimum value of the
matrix of resulting specific lubricant film thickness, shown in Table 13, was used.

AGF mi
S, =—rt Sa=1,124
AGrp
NOTE The difference in safety factor calculated between methods A and B in the above example 3 results froim

the simplified analysis of method B, in relation to the account for profile modification. In example 3, the amount
of tip relief is not calculated as being optimum for the specified load; therefore, the calculations for method B are
based on contact conditions with no consideration for tip relief.

4.4 Example 4 — Speed increaser

The result of this example is confirmed by experimental investigations. The gears were micropitted and
had profile deviations of approximately 12 pm (pinion) and 3 um (wheel). Figure 3 shows a diagram of
the observed location and severity of micropitting for pinion and wheel of example 4.

NOTE It has to be considered that in example 4, the wheel is the driving gear. The beginning of tooth contact
in this example is at the root of the wheel, point E.

1 1

20 ym
———=D . ———— B
ol - e Al 0
- B ———4—D
|
2
a) pinion b) wheel

Key
1 tip
2 root

Figure 4 — Diagram of schematic profile deviations of pinion and wheel for example 4

NOTE For the calculation according to method B, no modifications were considered.
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4.4.1 Inputdata

Table 14 — Input data for Example 4

Example 4
Symbol Description Unit pinion wheel
comb.
z number of teeth - 21 67
- driving gear - X
mp normal module mm 8,0
an normal pressure angle ° 20
B helix angle (right-hand on pinion) ° 14,5
b face width mm 185
a centre distance mm 369
X addendum modification factor - 0,320 0 0,391 40
da tip diameter of pinion mm 195,00 576,30
linear tip relief
Geometry Ca1 = 25 um,
dgng1 = 188,07 mm
linear tip relief
- tooth flank modifications - wheel
Ca2 =40 um,
dgnd2 = 570,69 mm
symmetrical end
relief wheel
50 um, b =35 mm
Q gear quality - 5 5
Ra arithmetic mean roughness value pum 0,67 0,67
- material - Eh Eh
E modulus of elasticity N/mm? 210000 210000
Poisson’s ratio - 0,3 0,3
AMm specific heat conductivity W/(m-K) 33,7 33,7
;Material Cm specific heat per unit mass J/(kg'K) 461 461
oM density kg/m3 7 800 7 800
material factor according to ISO/
Ww TR 15144-1:2014, Table A.1 (for match- - 1,0
ing case carburised/case carburised)
Ka application factor - 1,22
Ky dynamic factor - 1,015
Application
KHa transverse load factor - 1,0
Kup face load factor - 1,25
Load T1 nominal torque at the pinion Nm 16 817
ni rotation speed of the pinion min-1 5309
38 © IS0 2014 - All rights reserved
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Example 4
Symbol Description Unit pinion wheel
comb.
Ouil 0_11 inlet temperature (injection lubrica- o 70
tion)
V40 kinematic viscosity at 40° C mm?2/s 320
V100 kinematic viscosity at 100° C mm?2/s 34,5
P15 density of the lubricant at 15° C kg/m3 899
Lubricant
ass pressure-viscosity coefficient at 38° C m2/N 2,32-10-8
- oil type - mineral oil
) failure load stage at test temperature ) SKS 9
(90° C) according to FVA 54/7
AGFP permissible lubricant film thickness - 0,125
NOTE With reference to ISO 15144-1, 5.4, for Oyjiref the oil temperature, at which the test was performed, has

to be used. Micropitting load capacity is significantly influenced by additives, often more than by the viscosity.
As the effectiveness of additives depends significantly on temperature, it is recommended to test the oil at the
temperature used in the application.

Normally the FZG-FVA micropitting testll] is executed at 90 °C oil temperature. The data from oil
providers should contain together with the failure load stage SKS also the test temperature.

4.4.2 Calculation according to method B

4.4.2.1 Calculation of gear geometry (according to ISO 21771)

Basic values:

my

m, =
cosf

dl =Zl 'mt

dz :Zz‘mt

t
a, = arctan(

dy =dq-coso

dy, =d,-coso

ano

=

cospf

© IS0 2014 - All rights reserved
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me= 8,263 mm

d1=173,527 mm

dy =533,635 mm

u=3,19

ar=20,603°

dp1 = 162,428 mm

dp2 = 518,223 mm

dw1=176,114 mm
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d 2-a—dy,

{(21 +25)-my, -cosat:l

2-a

w2~

Oyt =arccos

By, =arcsin(sin §-cosa,,)

Pet =My -7 -COSOL;

2

d

glzz_l. Ll _1_tanawt
2.7 dbl

2
d
(Lz) —1—-tano,,

dpy

2

2 2 2
o o1 \/dal _dyy +\/da2 _dy
W=
Pee [V 4 4 4
SB:b-smﬂ
my 7
£, =6 TEp

—a-sinoy,

Yo =0,5‘(\/d312 —dblz +\/d322 —dbzz ]—G'Sinawt

ga=0mm

_ Yo ~Pet
9aB -,
9B =Y9o ~Pet

d d. % dp,>
gcz%.tana — L_L

+
wt 4 4 goc

9D = Pet

9o ~Pet

IDE = 2

+ Det

No reproduction or networking permitted without license from IHS

Coordinates of the basic points (A, AB, B, C, D, DE, E) on the line of action:

(34)

(35)

(36)

(37)

(38)

(39)

dw2 = 561,886 mm

awt = 22,737 °

Bp = 13,608 °

Pet = 24,299 mm

€1=0,820

£=0,719

&a=1,539

£p = 1,843

£y = 3,382

Ja=37,395 mm

ga=0mm

JAB = 6,548 mm

gB =13,096 mm

gc=17,479 mm

gp = 24,299 mm

gpE = 30,847 mm
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(40) 9E = 37,395 mm

2 2 2
de 2. [do1” | [da1” A
Al 4 4 4

dag1 = 168,872 mm

dp1 =181,821 mm

_ga+gA

2
2 2 2
d (o2 | [daz”  dpo”
A2 4 4 4 ga

dag2 = 570,692 mm
dpz = 556,757 mm
Normal radius of relative curvature:

__Pta
cos By,

Y nA

Pn,AB = 19,919 mm

Pn,D = 29,993 mm

4.4.2.2 Calculation of material data

-1
2 2
Er —9. 1—V1 n 1—V2
Eq E,
By =+Am1 - Pm1 v
By =\ Am2 - Pm2 - Cm2

(41)  daq = 165768 mm

dg1=172,914 mm dc1=176,114 mm
dpg1 = 188,070 mm dg1 =195,000 mm

(42)  daz=576,300 mm

dp2 = 565,333 mm dcz =561,886 mm

dpg2 = 552,104 mm dg2 = 547,725 mm

4.4.2.3 Calculation of operating conditions

Loading:

Ty
60 1000

P=2-r

T
F,=2000--1
dq

T
Fpy =2000-—1
dp1

© IS0 2014 - All rights reserved
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(45) Pn,A=15,057 mm
Pn,B = 24,164 mm Pn,c = 26,660 mm
Pn,DE = 32,561 mm Pn,E = 34,510 mm
(6) Er =230 769 N/mm?
(82) Bm1 =11 008,1 N/(ms0,5K)
(83) Bm2 = 11 008,1 N/(ms0,5K)
(85) P =935 kW
F¢=193 825N

Fpt=207 070 N
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Local load sharing factor:

NOTE
1
Xa=——Xputa
g(l
Xap=0,650
Xp =0,650
Elasticity factor:
E
Zg = L
E 2.

Local Hertzian contact stress:

Fi-Xp
pH,A,BZZE'\/b ;
“Pp,A " COSy - COS By,

pH,ABB =1 175 N/mm?2

pH,D,B = 957 N/mm?2

Paynas =Pras Ka Ky Kuo Ky

Pdyn,aB,B = 1461 N/mm?2
Pdyn,D,B=1191 N/mm?2

Velocity:

VoA =Vr1,A “Vr2A

Vg AB=-0,798 m/s

vgD = 0,498 m/s

VE,A=Vr1,A * Vr2,A

V3, AB =
3,367 m/s

vsp = 4,045 m/s

Effective arithmetic mean roughness value:

Ra=0,5-(Ra; +Raj)
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(69)
Xg=0,650
Xpg = 0,650
(26)
(25)

pH,BB =1 066 N/mm?2

pH,DE,B = 919 N/mm?
(24)

Pdyn,B,B =1 327 N/mm?Z

Pdyn,DE,B = 1 143 N/mm2

vy B = 3,617 m/s

(3

Vg, =-0,320m/s

Vg DE = 0,976 m/s

vy DE = 4,294 m/s

Helical gears, £g 2 1, unmodified profile (see ISO/TR 15144-1:2014, Figure 12).

Xa=0,845

Xc=0,650

Xg =0,845

Zg = 191,646 (N/mm2)0,5

pH,AB = 1541 N/mm?2

pu,c,B=1015N/mm?2

pHEB=1018 N/mm?2
Pdyn,a,B=1917 N/mm?2

Pdyn,c,B =1 263 N/mm?

Pdyn,EB = 1266 N/mm?

Vg,A =
(81) -1,276 m/s

vgc=0m/s

Vg’E =
1,454 m/s

Vs A=
3,117 m/s

Vi,c=
3,784 m/s

VIE =
4,544 m/s

Ra=0,67 um

© ISO 2014 - All rights reserved
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4.4.2.4 Calculation of lubricant data
X1, =1,0 for mineral oil (see Table 3 in ISO/TR 15144 part 1)

Xs=1,2 forinjection lubrication

4.4.2.5 Calculation of the material parameter

Mean coefficient of friction:

R 0,25
Xp =2,2:| — (87) Xr=0,876
Pn,C

Kgy=1,299for2 <&y, <3,5

0,2
Ky K, Ky, Kyz -F, Kpz |~ -0,05
lyy =0,045-| A MO BB (103 gy ) Xp Xy, (86) s = 0,060
Vs,c Pnc
Bulk temperature:
2 2 1 1
Hvz(gl +&; +1—8(X)~ —t— foreq <2 (91) Hy=0,131
Zy Zp ) cosfy
€max = €1
Xca = 1,0 for no adequate profile modification (method B) (101)
0,72
P-u,-H,\" X
Oy =0,; +7400- Hm v . S (84) 6M =80,282°C
a-b 1,2-Xc,
Material parameter:
Gy =10% gy -E, (5) Gum=4290,7

4.4.2.6 Calculation of the velocity parameter

Vs A

Ur = o =A - 110-11
A=T0M 3000 F - (12) Ux=1,798-10

Upg = 1,468-10-11 Ug = 1,300-10-11 Uc = 1,232:10-11

Up = 1,171-10-11 Upk = 1,145-10-11 Ug = 1,143-10-11

4.4.2.7 Calculation of the load parameter

2-w-p 2
Wy ="——Uh (22) Wa = 4,334-10-4
E.
© ISO 2014 - All rights reserved 43
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Wag = 2,520-10-4 Wg=2,077-10-4
WpEg = 1,542-10-4
Wp=1,674-10-4
4.4.2.8 Calculation of the sliding parameter

Local flash temperature:

\/’ 10° -, - PdynA ‘ gA‘ Pdyn,a

O == \/ PA " Too
2 BmiyVria +Bumz\Viza 1000-E,

Of1,aB = 69,2 °C OnB = 25,3 °C

Of,p =35,4°C 0f1,pE = 66,2 °C

Local contact temperature as sum of bulk and local flash temperature:

Opa =0m +0aa

0,aB = 149,5 °C O, = 105,6 °C
Og,p =115,6 °C OB,pE = 146,5 °C

Local sliding parameter:

S __ OpBA ‘MeBA
GFA—" —
oM ‘oM
ScraB = 0,109 ScrB = 0,382
SGep = 0,276 Serpe =0,118

4.4.2.9 Calculation of the lubricant film thickness
0,6 0,7 -0,13 0,22
hy =1600-pyp -Gy~ -Up " -Wa 77 -Sga

hag =0,227 um hg =0,341 um

hp =0,377 um hpg = 0,338 um

4.4.2.10 Calculation of the specific lubricant film thickness

h
Aepa =—2
GF,A Ra
AcraB = 0,339 AcrB = 0,510
Acgp = 0,563 AGrDE = 0,504

AGF,min = AGF.A

44

Wc=1,883-10-4

Wg =1,891-10-4

(80) Ofa=152,4°C

On,c=0°C
O, =115,8°C

(79) 6ga=232,7°C

Og,c=80,3°C
Og,g =196,1°C

(27) Sgra=0,021

Serc=1,000

SGrE = 0,041

(4) ha=0129 um

hc = 0,454 um
hg = 0,275 um

(2) Agra=0,192

Acrc= 0,678

Acrg = 0,411

AGEmin = 0,192

© ISO 2014 - All rights reserved

Provided by IHS Licensee=University of Alberta/5966844001, User=sharabiani, shahramfs
No reproduction or networking permitted without license from IHS Not for Resale, 11/01/2014 03:48:34 MDT



ISO/TR 15144-2:2014(E)

4.4.2.11 Calculation of the micropitting safety factor

_ 2GF,min

Sy (1) S1=0,894

AGFp

The final results for the calculation of the safety factor against micropitting, S, for example 4 are shown
in Table 15.

Table 15 — Results of calculation according to method B — Example 4

Point A AB B C D DE E
AGEY 0,192 0,339 0,510 0,678 0,563 0,504 0,411
AGF,min 0,192
AGFP 0,215
Sa 0,894

4.4.3 Calculation according to method A

The calculation of example 1 according to method A was carried out by a 3D-calculation programme.
Calculated results during method A will vary depending on the method of determining load distribution.
The load distribution, on which the following calculation according to method A is based, is shown in
Table 16. The maximum values are printed in bold.

Table 16 — Matrix of pressure distribution — py,y A in N/mm2

Width in mm

0,0 65,3 141,5 185,0

A 468 996 1013 1412
AB 641 1151 1271 1012
640 1106 1260 871

C 579 1082 1209 850
D 543 1039 1129 822
DE 538 935 1013 674
E 621 796 1002 188

The resulting matrix of specific lubricant film thickness according to method A is shown in Table 17. The
minimum value is printed in bold.

Table 17 — Matrix of resulting specific lubricant film thickness, Agry

Width in mm

0,0 65,3 141,5 185,0

A 0,557 0,340 0,335 0,249
AB 0,580 0,399 0,369 0,438
0,723 0,565 0,526 0,635

C 0,864 0,734 0,714 0,782
0,850 0,610 0,579 0,698

DE 0,825 0,576 0,541 0,723
E 0,724 0,599 0,491 1,323
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For the calculation of the micropitting safety factor according to method A, the minimum value of the
matrix of resulting specific lubricant film thickness, shown in Table 17, was used.

AGE,mi
S, =——mn (1) S$,=1,158
AGFp
NOTE The difference in safety factor calculated between methods A and B in the above example 4 results

from the simplified analysis of method B with relation to the account for profile modification. In example 4, the
amount of tip relief is not calculated as being optimum for the specified load and therefore the calculations for
method B are based on contact conditions with no consideration for tip relief.
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