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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

The ISO 6336 series consists of International Standards, Technical Specifications (TS) and Technical
Reports (TR) under the general title Calculation of load capacity of spur and helical gears (see Table 1).

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

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

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

he procedures specified in ISO 6336-1 to ISO 6336-19 cover fatigue analyses for gear rating. The
Focedures described in ISO 6336-20 to ISO 6336-29 are predominantly related-to.the tripological
thaviour of the lubricated flank surface contact. ISO 6336-30 to ISO 6336-39’ include [example
nlculations. The [SO 6336 series allows the addition of new parts under appropfiate numbers to reflect
howledge gained in the future.

equesting standardized calculations according to ISO 6336 without referring to specific parts
¢quires the use of only those parts that are currently designated as International Standards (see Table
for listing). When requesting further calculations, the relevant part or parts of ISO 6336 n¢ed to be
specified. Use of a Technical Specification as acceptance criteria for a specific design needs to e agreed
in advance between manufacturer and purchaser.

3" <~ O oS- -

Table 1 — Overview-0fISO 6336

International Technical Technical

Calculation of load capacity of spur and helical gears Standard Specification | Report

art 1: Basic principles, introduction and general influence factors X

art 2: Calculation of surface durability (pitting) X

art 3: Calculation of tooth bending strength X

art 4: Calculation of tooth flank fracture-load capacity X

art 5: Strength and quality of materials X

art 6: Calculation of service life under variable load X

art 20: Calculation of scuffing load capacity (also applicable to
evel and hypoid gears) — Elash temperature method X
Replaces ISO/TR 13989-1)

art 21: Calculation.of seuffing load capacity (also applicable to
evel and hypoid gears) — Integral temperature method X
Replaces ISO/TR\13989-2)

art 22: Calcudation of micropitting load capacity
ReplacesISO/TR 15144-1)

art 307 Calculation examples for the application of ISO 6336-1, 2,
5

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

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

X

[CCHC T VW Ve W o L P W B R O O R N RS

X

This document provides worked examples for the application of the calculation procedures defined in
ISO/TS 6336-22. The example calculations cover the application to spur and helical cylindrical 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/TS 6336-
22.No additional calculations are presented in this document that are outside of ISO/TS 6336-22.

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

© ISO 2018 - All rights reserved v


https://standardsiso.com/api/?name=eb8daf42148513f01e61ebd2015a6cae

Vi

ISO/TR 6336-31:2018(E)

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/TS 6336-22.

Several of the worked examples are presented with the calculation procedures performed in accordance
with the application of both methods A and B.

© ISO 2018 - All rights reserved
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Calculation of load capacity of spur and helical gears —

Part 31:
Calculation examples of micropitting load capacity
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Scope

he example calculations presented here are provided for guidance on the application of the

pecification ISO/TS 6336-22 only. Any of the values or the data presented should not be
aterial or lubricant allowables or as recommendations for micro-geometry in1€al applicatid
bplying this procedure. The necessary parameters and allowable film thicknéssvalues, Agrp, S
btermined for a given application in accordance with the procedures defined-in ISO/TS 6336-

Normative references

he following documents are referred to in the text in such a(way that some or all of thei

echnical
used as
ns when
hould be
22.

content

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

hdated references, the latest edition of the referenced document (including any amendments]
0 1122-1, Vocabulary of gear terms — Part 1: Definitions related to geometry

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

0 6336-2, Calculation of load capacity of spur-and helical gears — Part 2: Calculation of surface ¢

(pitting)

0 21771, Gears — Cylindrical involute gears and gear pairs — Concepts and geometry

O/TS 6336-22:2018, Calculation of load capacity of spur and helical gears — Part 22: Calcy
icropitting load capacity

Terms and definitions

br the purposes,of this document, the terms and definitions given in ISO 1122-1, ISO 63

§0 6336-2 apply:

0 and IEC maintain terminological databases for use in standardization at the following add

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

applies.

oduction

(urability

lation of

86-1 and

[esses:

4 Symbols and units

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

© ISO 2018 - All rights reserved
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Table 2 — Symbols and units

Symbol Description Unit
a centre distance mm
A ISO tolerance class according ISO 1328-1:2013 —
Bwm1 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
Cy tipTetiefof pimion T
Cai tip relief of wheel umr\?\‘O
™M specific heat capacity of pinion ]/(1@)?)
5y specific heat capacity of wheel d,&kg-K)
c' maximum tooth stiffness per unit face width (single stiffness) of a tooth pair 1\Q_l)f/.fmm-um)
Cyd mean value of mesh stiffness per unit face width G:bJ N/(mm-pm)
da1 tip diameter of pinion P - mm
da] tip diameter of wheel r\\\ ) mm
dp1 base diameter of pinion \O)V mm
dp] base diameter of wheel {.s\\\ mm
dw pitch diameter of pinion AQ - mm
dw pitch diameter of wheel Y% mm
dy Y-circle diameter of pinion , \\\\ ) mm
dy]] Y-circle diameter of wheel O, v mm
Ey reduced modulus of elasticity . \\S\v N/mm?2
Eq modulus of elasticity of pinion . O.® N/mm?2
E>) modulus of elasticity of wheel AQ\V N/mm?2
Fy nominal transverse load in plangp’ﬂﬁ%tion (base tangent plane) N
Ft (nominal) transverse tangerlt'{@‘&ad at reference cylinder per mesh N
GM material parameter —
gyl parameter on the pathntact (distance of point Y from point A) mm
Jd length of path of c?nga})c mm
Hy load losses fact(m\y —
hy| local lubriga@h’m thickness um
KA applicat{'oq‘ff)a‘ctor —
Kpy heliqa\ﬁo\a/d factor —
Kk t@x/erse load factor —
Kup Re load factor —
Ky O’\\‘ dynamic factor —
d
Ky mesh foad factor =
ni rotation speed of pinion min-1
P transmitted power kW
Det transverse base pitch on the path of contact mm
PdynY local Hertzian contact stress including the load factors K N/mm?
PHY local nominal Hertzian contact stress N/mm?
Ra effective arithmetic mean roughness value pum
Raj arithmetic mean roughness value of pinion pm
Rap arithmetic mean roughness value of wheel pm
SGEY local sliding parameter —

© IS0 2018 -
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Table 2 (continued)

Symbol Description Unit
S safety factor against micropitting —
S, min minimum required safety factor against micropitting —
Ty nominal torque at the pinion Nm
Uy local velocity parameter —
u gear ratio —
vy teeatsHeingveloetty /s
V1Y local tangential velocity on pinion A\‘"OJl/s
Vr2Y local tangential velocity on wheel qp 41/5
Vs,C sum of tangential velocities at pitch point 0\'\ - r+/s
Vsy sum of tangential velocities at point Y Al T rﬁ/s
Ww material factor o J —
Wy local load parameter ,O\JU —
Xbut,y local buttressing factor ~\ —
Xca tip relief factor \G)U -
XL lubricant factor r‘\\\v -
Xr roughness factor R - -
Xs lubrication factor O\) ) —
Xy local load sharing factor ) \\\\ —
Zg elasticity factor 0'\\, (N/mm2)0,5
Z1 number of teeth of pinion \\'Qv —
Z2 number of teeth of wheel X o.$ —
at transverse pressure angle A\v °
Awt pressure angle at the pi‘gqh’&inder °
QeB,Y pressure-viscosity cog{(’ﬁ'ent at local contact temperature mp/N
asgM pressure-viscosity @?ficient at bulk temperature mp/N
ass pressure-visc@y coefficient at 38 °C mp/N
Bb base helixp.t@ °
Emax maximm&ddendum contact ratio —
£ tral®\'s/e contact ratio -
Ean yi{ﬂ;;l transverse contact ratio —
g S )m\ferlap ratio —
gy \O‘(‘ total contact ratio —
€1 ~ |addendum contact ratio of the pinion —
c’\\s‘z addendum contact ratio of the wheel —
J’IBB,Y dymanticviscosity attocatcontact temperature N+s/m?2
Y dynamic viscosity at bulk temperature N-s/m?2
16oil dynamic viscosity at oil inlet/sump temperature N:s/m?2
138 dynamic viscosity at 38 °C N-s/m?2
O,y local contact temperature °C
Oy local flash temperature °C
Om bulk temperature °C
BOoil oil inlet/sump temperature °C
AGF,min minimum specific lubricant film thickness in the contact area —
AGEY local specific lubricant film thickness —

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

Symbol Description Unit
AGEP permissible specific lubricant film thickness —
AGFT limiting specific lubricant film thickness of the test gears —
AM1 specific heat conductivity of pinion W/(m-K)
AMm2 specific heat conductivity of wheel W/(m-K)
Um mean coefficient of friction —
VOB kinematicviseosity-attoealcontacttemperatire ArZ/S
VoM kinematic viscosity at bulk temperature mm?2/s

V1 Poisson’s ratio of pinion ©}

) Poisson’s ratio of wheel —
viob kinematic viscosity at 100 °C mm?2/s
V4 kinematic viscosity at 40 °C mm?2/s
p MY density of pinion kg/m3
PMP density of wheel kg/m3
Png normal radius of relative curvature at pitch diameter mm
Pn, normal radius of relative curvature at point Y mm
Py transverse radius of relative curvature at pointY mm
Pt1y transverse radius of curvature of pinion at point Y mm
pe2fy transverse radius of curvature of wheel at point Y mm
PeBJY density of lubricant at local contact temperature kg/m3
PoNi density of lubricant at bulk temperature kg/m3
P14 density of lubricant at 15 °C kg/m3

Subscript to symbols
Y Parameter for any contact point Y invthe 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).

5 Example calculation

5.1 Gdneral

This clayise presents examples for the calculation of the safety factor against micropitting, S). Ead
example|is first calculated according to method B and examples 1, 3, and 4 subsequently calculate
accordir}E to method{A+"The calculation sequence for method B has been provided to follow a logic
approach in relatien’to the input data. Beside the formulae itself, the formula numbers related to 1S(
TS 6336422 are givén.

The examples calculate the safety factor, S of a specific gear set when compared to an allowable Agy

1] LNICKNE A P, Wd getermin

from the test result of the lubricant in the FZG-FVA micropitting test[1l. For these calculations, medium

d

values for the standard FZG back-to-back test rig and standard test conditions for Kyg and K, were
used (Kyp = 1,10 and Ky = 1,05). The calculation of the Agrp value from the test result of the FZG-FVA
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 © ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=eb8daf42148513f01e61ebd2015a6cae

ISO/TR 6336-31:2018(E)

5.2 Example 1 Spur gear

5.2.1 General

The result of this example is confirmed by experimental investigations. The gears were obviously
micropitted and had profile deviations of approximately 8 um to 10 pm. 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 pm
————D ———— B
C — C
B — D
A — E
a) Pinion b) Wheel
Ky
1| tip
2 root
Figure 1 — Diagram of schematic profile deviations of pinion and wheel for Example 1
5(2.2 Input data

Table 3 — Input data for Example 1

Example 1
Symbol Description Unit Pinion | Wheel
Comb.
Geometry 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
a centre distance mm 200
X addendum modification factor — 0,158 0,158

© IS0 2018 - All rights reserved 5
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Table 3 (continued)

(see 5.2.5 for calculation)

Example 1
Symbol Description Unit Pinion | Wheel
Comb.
da tip diameter mm 2214 | 2214
— tooth flank modifications — no modifications
ISO tolerance class — 5 5
Ret arithmetie-meanroughhess-valtie P 6,96 6,96
Material — material — Eh Eh
E modulus of elasticity N/mm?2 206 000 206000
v Poisson's ratio — 0,3 0,3
AM specific heat conductivity W/(m-K) 45 45
™M specific heat capacity ]J/(kgK) 440 440
oM density kg/m3 7.800 7 800
Ww material factor according to — 1,0
ISO/TS 6336-22:2018, Table A.1
(for matching case carburized/
case carburized)
Applicat]jon Ka application factor — 1,0
Ky dynamic factor — 1,15
Ky mesh load factor — 1,0
KHa transverse load factor — 1,0
Kyp face load factor — 1,10
Load Ty nominal torque at the pinion Nm 1878
nq rotation speed of the pinion min-1 3000 —
Lubricant Boil oil inlet temperature (injection lubrica- °C 90
tion)
V40 kinematic viscosity at 40 °C mmZ2/s 210
V100 kinematic Viscosity at 100 °C mm2/s 18,5
P15 density.of the lubricant at 15 °C kg/m3 895
— oiltype — mineral oil
— failure load stage at test temperature — SKS 8
(90 °C) according to FVA 54/7
AGEP permissible lubricant film thickness — 0,211

5.2.3 Calculation according to method B

5.2.3.1 “€alculatiomrofgear geometry-{according to1S6-217713

Basic values:

m

my =—= m, =10,93 mm
cos
di=z1 -m; d; =196,74 mm
dy=2z,-my d,=196,74 mm
6 © ISO 2018 - All rights reserved
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u=— u=1,00
3
tano,
o, =arctan o =20,000°
cos 3
dyq =dq cosoy dy; =184,875 mm
dy,, =d, cosa, dy, =184,875 mm
2-d d\1 =200
d = wl mm
w141
dW2=2‘a—dW1 dW2:200 mm
Zq +Z2 My -COSU
At =arccosl:( )Z-at t } Oy =22,426°
A =arcsin(sin B -coser,, ) By =0°
Het =My -TT-COSOL; Pet =32,267 mm
- - -
Z1 dal
g=—:,] —— | -1-tanc =
L= (dbl J wt €, =0,705
- - -
_ % daz
iR (dbz J T v
1 | |d3y d \/dgz dp, ,
o =—" - + - —a-sina =
o= \/ 4 4 4 4 wt £,=1,411
b-sin
gg=—"— =
3 m, EB 0
gy =€yt Ep €y=1,411
_ 2 2 2 2 . —
'y _o,s.L\/dal —d}, +\dZ, —d?, J—a-smawt g =45,519 mm

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

gA=0mm (32) gA:()mm
IaB :% (33) gap =6,626 mm
9B =90 ~Pet (34) gg =13,253 mm

© ISO 2018 - All rights reserved 7


https://standardsiso.com/api/?name=eb8daf42148513f01e61ebd2015a6cae

ISO/TR

6336-31:2018(E)

2 2
da1 dpg

dy1
=-bl ona.. — Zbl (35) Je =22,760 mm
gc 5 wt 4 4 o C
9p = Pet (36) Jp =32,267 mm
o D 37 =
gpg =22 . CHP, (37) Jgpg =28,893 mm
gE =g06 (38) IE —45,519 M
d? d?,  di
dpp=2-| 2L +] | 2L-2L _g 19, (39) dpq =187,419 mud
4 4 4
d pg1 $190,046 mm dgq =193,546 mm dcq =200,000 mm
dp1 =[207,998 mm dpg1 =214,394 mm dg{=221,400 mm
2 2 2 2
d d d
dy,=2.|| T2 4| |%az_ Dbz _ o (40) dpp =221,400 mm
4 4 4
d gy £214,394 mm dg, =207,998 mm dcp =200,000 mm
Normal radius of relative curvature:

pn,A =]
C

Pn,AB

pn,D i

5.2.3.2

Pe,A

s By,

=15,663 mm

-17,890 mm

Calculatien‘of material data

-1
1—vf . 1—v22 )

(43)

Pnp=17,890 mm

pl’),DE = 15,663 mm

Pn a =12,285 mm

Pnc= 19,074 mm

Pn g =12,285 mm

6 _ 2
> - (6) E.=226374N/mm
1 Z }
Bui =1 -Pu1 S (81) By =12 427,4 N/(ms®*K)
(82) By, =12 4274 N/(msO'SK)

By =yAv2 PMm2 M2

© ISO 2018 - All rights reserved
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Loading:
pep g T (84) P =590 kW
60 1000
Tl
B =2 000-—~ F,=19 091 N
1
(5!
Fy =2 000- —— F,; =20 316 N
d
b1
Lpcal sharing factor:

Z

A-2 1
- L.
3

_Aa-2 1. 9a
A7 15

g
X 4 =0,500

Xp =1,000

&3]

asticity factor:

E

r

N

BT 2.

—

_z Fi-Xa
Hu.AB E b-pn_A-cosoct

pupi=1383 N/mm?

bcal Hertzian contact stress:

(44)
Xg =1,000
(26)
(25)

pypp=1383 N/mm?

=Dy
1

. IK, K K K. .
V gy Y \'4 TTUL

- (24)

OTE No tooth flank modifications, spur gears, ISO tolerance class <7 (see ISO/TS 6336-22:2018, Higure 2).

X, =0,333

X =1,000

X =0,333

N

)0,5

Zg =189,812 (N /mm

Py ag =963 N/mm?

N

Py g =963 N/mm?

=1 084 N /mm?

| AR A
ey oD TS0

Paynp,p =1 555 N/mm?

© ISO 2018 - All rights reserved
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Velocity:

Vg A=Vi1A ~Vr2A (80) vg A =-14,300m /s
Vg ap =—10,137m/s Vgg=-5974m/s Vgc=0m/s
Vgp=5974m/s Vg pg =10,137m/s Vg g =14,300m/s

Vs A=Vl A +Viza (13) vy A =23,969 m/s
vy AB[F23,969 m /s vy g =23,969 m/s vy c=23,969m/s
vy p 23,969 m/s vy pg =23,969 m /s vy g =23,969.n1)/'s

Effectivg arithmetic mean roughness value:

Ra=0,5{(Ra; +Ra,) (3) RaE0;90 pm

5.2.3.4 | Calculation of lubricant data

XL, = 1,0 for mineral oil (see ISO/TS 6336-22:2018, Table 4)

035 =2,657-1078 .n 3% 8 (9) 035 =2,15-10 8 m? /N

Xs =1,2 for injection lubrication

log(v 4o +0,7)
log | 0,7
A 0g(V100 +0.7) (18) A=-3385
lo 313
& 373
B=log| log(v4 +0,7)]-A-log(313) (19) B=8815
5.2.3.5 | Calculation of the material parameter
Mean coefficient of friction:
0,25
XR=2,2-( j*a ) (86) Xp =1,025
kpn,C)
KBY=1,0forgY<2
Ky Ky Ko Kug For Kgy ) 0,05
Uy, =0,045.| & ~v “Ho THB Tbt 7By -(103-779011) 7 Xp XL (85) mupm=0,048
b-vsc-Pnc

10 © ISO 2018 - All rights reserved
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Upp=1,571-1071 Ug=1,375-10"1

-11 -11
Up =1,375710 Upg =1,571-10

Bulk temperature:
1 1
HV=(£12+£%+1—£(X)~(—+—]~ for e, <2 (90) H, =0,204
zZ1 Zp | cospfy,
€max =€1 =82
Xca =1,0 for no profile modification (method B) (99)
0,72
P. -H ! X o
fhy =0, +7 400 —Hm v | 7S (83) Oy =15376.°C
ab 1,2-Xc,
Material parameter:
Gy =10° -0y -E, (5) Gy =2 678,3
5(2.3.6 Calculation of dynamic viscosity at bulk temperature
19g[log(vgy +0,7) | = A-log(6y +273)+B (17) Vom =5,824 mm? /s
(6 +273)—288
Aem = P15 1-0,7: (20) Pom =798,0 kg /m>
P1s
_10-6 _ -3 2
Mom =107 VoM - Pom (16) Nem =4,647-107°Ng/m
5{2.3.7 Calculation of the velocCity parameter
Vy,A
U, = . , 12 _ 1n-11
A=Mem 3 000, oo} (12) Up =2,003-10

Ug=1,290-10"1

Ug =2,003-10711

5/2,3:8" Calculation of the load parameter
2.1 pz
W, = % (22)
EI‘

Wyp =1,694-10* Wg =2,966-107*

Wp =2,966-10"* Wpg =1,694-107*

© ISO 2018 - All rights reserved

W, =1,440-10"*

We=2,781-10"*

W =1,440-107*
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5.2.3.9 Calculation of the sliding parameter

Load flash temperature:

6
0 Jr 107l Payn A -‘Vg,A‘ \/8 p Pdyn,A (79) 0 175 3 oC
flLA= " Ve PnA T g o f,a =175,
2 BumiyVria +Buz2\Vi2a 1 000-E,
0q agF154,1 °C O g =145,4 °C 6qc =0 °C
Gﬂ‘D 3 145’4. °C eﬂ,DE :154,1 °C eﬂ,E :175’3 °C
Local coptact temperature as sum of bulk and local flash temperature:
Op,a =04 +0q,4 (78) 05 o =328,9 °C
Op,ap[F307,7 °C g g =299,0 °C 05 =153,6 °C
O p §299,0 °C g pg =307,7 °C 6 £ =328,9 °C
Local slifling parameter:
6,B,A ‘T16B,A
SGFA=T (27) Sgra =0,057
Oom Mom ’
SGF,A]} =0;076 SGF,B 20,086 SGF,C :1,000
SGF,D =0,086 SGF,DE :0,076 SGF,E =0,057
5.2.3.10| Calculation of the lubricant film thickness
ha =1 6D0-p,, 5 -Gy®-UR7 W3O 5228 ) hy =0,122 um
hpg =0,137 pm hg =0,136 pm hc =0,241 um
hp =(,136 um hpg =0,137 pm hg =0,122 um
5.2.3.11| Calculation of the specific lubricant film thickness
A‘GF A =h—A (2) Z’GF,A :0,136
’ Ra
Ar,aB =0,153 Agr g =0,152 Agrc =0,267
AGF,min =AcF,A =AGF E AGF min =0,136

12
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5.2.3.12 Calculation of the micropitting safety factor

A .
S;\' _ GF,min (1)

S, =0,644
)’GFP A

The calculation of the permissible specific lubricant film thickness, Agpp, for Example 1 is shown as an

example in 5.2.5.

The final results for the calculation of the safety factor against micropitting, Sa, for Example 1 are
sﬁown in Table 4.

Table 4 — 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
AGF,min 0,136
AGFP 0,211
Sa 0,644

2.4 Calculation according to method A

he calculation of Example 1 according to method A wassgarried out by a 3D-calculation pro
hiculated results during method A vary depending onthe method of determining load dist]
he load distribution, on which the following calculdtion according to method A is based, is ¢
hble 5. The maximum values are printed in bold.

=043 u

Table 5 — Matrix of pressure distribution pyy A in N/mm?2

5 3

Width in mm

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

A 1115 1110 1110 1114

AB 1048 1044 1044 1047
B 1375 1373 1373 1375

C 1342 1339 1339 1342

D 1048 1045 1045 1048

DE 1050 1046 1046 1050
E 1099 1094 1094 1099

Table 6 — Matrix of resulting specific lubricant film thickness Agry

he resulting matrix of specific lubricant film thickness according to method A is shown in Tah
inimumrvalue is printed in bold.

cramme.
ribution.
hown in

Width in mm

0,0 7,6 13,8 21,4
A 0,122 0,122 0,122 0,122
AB 0,159 0,160 0,159 0,159
B 0,159 0,159 0,159 0,159
C 0,270 0,270 0,270 0,270
D 0,197 0,198 0,198 0,197
DE 0,159 0,159 0,159 0,159
E 0,124 0,125 0,124 0,124

© ISO 2018 - All rights reserved
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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 6, was used.

5, = "LjF.mm ) S, =0,577
GFP
NOTE The difference in safety factor calculated between methods A and B in Example 1 results from the
simplified calculation of load distribution according to method B.
5.2.5 (alculation of the permissible lubricant film thickness
5.2.5.1 | General
Calculation of the permissible specific lubricant film thickness from the test result of the FZG-FA
micropiting testll] (Method B) with the reference test gears type C-GF.
The calcfilation of the reference value, AgpT, is done for point A because the miniriim specific lubricapt
film thickness for gear type C is always at point A. All data of the reference test gears type C-GF have the
subscripf “Ref”.
Table 7 — Input data for calculation of the permissible lubricant film thickness
C-GF
Symbol Description Unit Pinion | Wheel
Comb.
Geometrly ZRef number of teeth — 16 | 24
M¢Ref transverse module (mpRref =M%Ref) mm 4,5
nRef transverse pressure angle\(apRref = @tRef) ° 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 0,171 6
daRef tip diameter mm 82,45 118,35
— toeth.flank modifications — no modifications
RaRges arithmetic mean roughness value pum 0,50 0,50
ERef modulus of elasticity N/mm?2 206 000 206 000
VRef Poisson's ratio — 0,3 0,3
AMRef specific heat conductivity W/(m-K) 45 45
CMRef specific heat per unit mass J/(kg-K) 440 440
PMRef density kg/m3 7 800 7 800
W Tateriat factoraccording to = 150
ISO/TS 6336-22:2018, Table A.1
(for matching case carburized/
case carburized)
Application KaRef application factor — 1,0
KyRef dynamic factor — 1,05
KHaRef transverse load factor — 1,0
KHpRef face load factor — 1,10

14 © ISO 2018 - All rights reserved
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Table 7 (continued)
C-GF
Symbol Description Unit Pinion | Wheel
Comb.
Load T1Ref nominal torque at the pinion for SKS 8 Nm 171,6
N1Ref rotation speed of the pinion min-1 2250 | —
PH,AA nominal Hertzian contact stress at point N/mm?2 1191
A according to method A for SKS 8 (see
Table 8)
— lubrication — injectiomlubrication
NOTE The used values for Kyref and Kyprer are valid for the standard FZG back-to-back test rig and|standard
conditions.
Thble 8 gives the nominal Hertzian contact stress at point A for the reference ‘test gears type €-GF as a
fynction of the reached failure load stage (SKS) in the FZG-FVA micropitting test[1].
Table 8 — Relation between failure load stage according to FZG-FVA micropitting test{1] and
nominal Hertzian contact stress at point A
Nominal torque at the | Hertzian contact stress'at| Nominal Hertzian contacf
SKS pinion in point Cin stress at point A according
Nm N/mm?2 to method A in N/mm?2
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
5|2.5.2 Calculation of gear geometry
dliRef = Z1Ref *MtRef d1Rer =72,00 mm
doRef = Z2Ref " MiRef daRer =108,00 mm
Z2Ref
Ref — uRef = 1'5
Z1Ref
A 1Ref F 1 Ref *COS U Ref dp1Ref =67,658 mm
dDLKeI _HLKEI .PnQ”IKeI DZRET —1n1,7497 nm
2-a
dy1Ref =0 dy 1R =73,20
w1Ref Uper + 1 w1Ref ’ mm
dyoRef =2 ARef ~dw1Ref dyorer =109,80 mm
(ZlRef +ZoRef ) “MyRef - COS(Ref
O\ytRef =arccos O iRef =22,439°
2 ARef
© IS0 2018 - All rights reserved 15
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PetRef =MtRef "7 - COSAtRef Petrer =13,285 mm

_ - _
z d
1Ref alRef
€1Ref = -1 —tan oy pef E1Ref =0,722
2'm dy 1 Ref
_ - _
£ ZZRef (daZRef \ 1 tan o o o714
2Ref = +—taR-OhTRer ERer — 057 1
2w [\ dyzrer )
2 2 2 2
1 dalRef dblRef daZRef deRef s
€oRef = ) \/ 4 - 4 + 4 - 4 —URef - SINAyyiRef € oRef =1,436
PletRet
€ :PRef 'SinﬁRef e -0
BRef Mopes 7T BRef (T
€qRef = foRef TEPRef EyRef =1,436

2 2 2 2 :
YoRef = '5'(\/da1Ref —dp1Ref +\/daZRef —dpoRef j_aRef SINQgyRef  GgRrer =19,079 mm

g ARef =Y MM (32) 9 ARer =0 mm
2

dblRef §1Ref diiRet

dA1Ref T 24 JoreTF Iaret (39)  dpqper =68,249 mm

2

deRef gZRef di3Ret

dp2Ref T 2 T 9aRef (40)  dpzper =118,350 mm
d? —df

Pt1,ARef|= \/ IREf biRel (42)  pyq pRef =4,482 mm
d? —d?

Pt1,CRef [ \/ 1R6f b1Ref (42)  pyqcrer =13,970 mm
d? —d?

ptZ'ARef \/ A2Ref b2Ref (42) ptz,ARef :30’443 mm

16 © ISO 2018 - All rights reserved
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d2 opes —di
ptZ,CRef:\/ WZRef4 haltet (42)  piycref =20,955 mm

_ Pt1,ARef "Pt2,ARef

Pt,ARef = (41) P+t ARef = Pn,ARef =3,907 mm

Pt1,ARef T Pt2,ARef

_ Pt1,CRef "Pt2,CRef

(41 Fa) ia) =8 387 mm
t,LRerl ) FU,LRel F1,UReTl 4
Pt1,CRef T Pt2,CRef
5{2.5.3 Calculation of material data type C-GF
-1
2 2
1-v 1-v
H gt =2:| ——Reb 4 2R (6) E per.=226 374 N/mm?>
E1Ref ERef
BM1Ref =\/2’M1Ref "PM1Ref "CM1Ref (81) Byirer =12 427,4 N/(mSO’SK)
0,5
Hui2ref =y AMzRef - PM2Ref “CM2Ref (82) Buarer =12 4274 N/(mS K)
5(2.5.4 Calculation of operating conditions of FVA:FZG micropitting test
Foog =27 TAReL Ty Ref (84)  Ppo =40,43 kW
60 1000
B _y Ty Ref
btRef =2 000- Fitpef =5 072,6 N
dp1Ref
2
Bdyn,A,ARef = PH,A ARef "\ K ARG K vRef (23) " payn.a arer =1 229 Nymm
BH,A,ARef =PH,A,A PH A ARef =1 191 N/thm?
Vit ARef —9. . JARef dy1Ref SiN0yep f,\/déz\lRef_dkz)lRef 14) v 1,056 m/s
r1,ARef — wtRe 2 2 r1,ARef =+
60 2000 diw1Ref ~db1Ref
v _Z'ﬂ'anEf _dwlRef sina 14
r1,CRef — 60 2 000 wtRef ( ) Vrl,CRef =3,292 m/s
o g ARl AwaRef d3 aret ~di2ret (15) 4,782 m/
Vr2,ARef =4 7 : "SI CyytRef * V2 ARef =% m/s
60-uper 2000 " dg,2ret —di2Ret e
v P N Ref 'dWZRef .sino (15) _
r2,CRef 60-up; 2000 wtRef Vi CRef =3,292 m/s
Vg,ARef =Vr1,ARef ~Vr2,ARef (80) Vg ARef =-3,726 m/s
© ISO 2018 - All rights reserved 17


https://standardsiso.com/api/?name=eb8daf42148513f01e61ebd2015a6cae

ISO/TR 6336-31:2018(E)

Vs ARef =Vr1,ARef TVr2 ARef
Vs cRef =Vr1,CRef TVr2,CRef
Rages =0,5-(Raqpef +Ragger)

5.2.5.5 Calculation of lubricant data

nA_oC

(13)

(13)

(3)

VZ,ARef :5,838 m/S
VZ,CRef = 6,583 m/S

Rap.s =0,50 pm

Ooilrer =Por="20-2€

2
NooilRef TMgoil =0,021 N-s/m

Xgper =1,2 for injection lubrication

5.2.5.6 | Calculation of the permissible specific lubricant film thickness
R 0,25
a
Xref =2+ ——- (86)  Xppef=1,087
pn,CRef
K gyre 51,0 for €, <2 (87)
HKRer 9K aRef “Kvref  KHoref *KHBRef K ByRef HKper =1,155
MK ges - F o
I»lmRef — 0’045 Ref btRef A
bRef "V CRef " Pn CRef (85)  Hmper =0,063
mhke ’
3 -0,05
10 'neoilRef) “XRRef " X1,
2 2 1 1 n
Hypef = €1Ref+32Ref+1—8aRef)' + :
ZiRet  Z2Ref ) COSPpref  (90) H e =0,195
for £, <|2
X carer 51,0 for no profilémodification (method B) (99)
0,72
Pru - H ’ X
QMRef zaoilRef +7 400'( Ref :umthf vRef ] '—1 5 ;REf (83) QMRef =115,9 °C
QRef “ORef 144 CaRef
log| log (vgrmer+8-7H=Atoe{Bymer+273)-+5 Dy o= 12.317 mm2 /s
(Omper +273)—288
PeMRef = P15 ‘[1—0'7' o (20) poyper =824,4 keg/m”
-6 2
NoMRef =10 *VgMRef - POMRef (1) nguRer =0,010N-s/m
1 1
a =Q3q-| 1+516- - 8 - 1078 m?
OMRef =038 { [QMRef+273 311] (8)  orgyper =1,435-107% m* /N

18
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6 f—
GumRref =107 gmRef *ErRef (5)  Guper =3249,5
Uarer =11 A 12) vy 3,351.10 11
ARef —'IOMRef * =3, .
2 000'ErRef *Pn,ARef ARef

2.z 'pﬁyn,ARef »

Wppet =——— (22)  Wjper =1,825-10
EFRPf
10° . : v

9 \/; HmRef *Pdyn,ARef “|Vg,ARef

fl, ARef = 2 ) ’
BM1Ref A/Vr1,ARef T BM2Ref A/Vr2, ARef (79)

Pdyn,ARef
\/8'pn,ARef T

1000 E gyt
O, aRer =OMRef 011, ARef (78)
10g[ log (v o, arer +0,7) | = 4-108 (65 aget +273)+B (39)
(6, aRer +273)—288
AeB,ARef =P15°| 1-0,7- (31)
P1s
-6
MoB,ARef =10~ VB ARef * POB,ARef (29)

S

1 1
0B,ARef =038 [ [QB,ARef +273 311 H (28)

*gB ARef "T19B,ARef

SlGF,ARef = (27)
¢ O gMRef “TToMRef
06 1,07 0,13 0,22
Marer =1 600 oy aRei” Gyirer “UnRer " WaRref S GF ARef (4)
2 _A‘ _ hARef 2
GFT = AGE:ARef = (2)
ARef
Acrp.=1,4- Wy - Agpr (A1)

On,aRef =8275 °C

GB,ARef = 198,3 OC

Ve ARef =3,112mm? /s

W

PoB ARef =766,7 kg /m

NeB,ARef =0,002 N-s /m?

Oop ARef =9,363-10 7 m? /N

SGF,ARef =0,153
hARef =0,075 pum
AGFT =0,151

A’GFP =0,211

5.3 Example 2 Spur gear

5.3.1 General

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

© ISO 2018 - All rights reserved
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—

20 pm
———— D
— 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 calculatign
according to method B were considered.
5.3.2 Inputdata
Table 9(—'Input data for Example 2
Example 2
Symbol Description Unit Pinion Wheel
Comb.
Geometry z number of teeth — 20 20
— driving gear — X
Mn normal module mm 10,0
an normal pressure angle ° 20
B helix angle ° 0
b face width mm 15
centre distance mm 200
X addendum modification factor — 0,0 0,0
d, tip diameter mm 220,0 220,0
— tooth flank modifications — no adequate tip relief
A ISO tolerance class — 6 6
Ra arithmetic mean roughness value pum 0,80 0,80
Material — material — Eh Eh
E modulus of elasticity N/mm?2 206 000 | 206000
v Poisson’s ratio — 0,3 0,3
AM specific heat conductivity W/(m-K) 45 45
20 © ISO 2018 - All rights reserved
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Table 9 (continued)
Example 2
Symbol Description Unit Pinion Wheel
Comb.
M specific heat capacity ]/(kgK) 440 440
PM density kg/m3 7 800 7 800
Ww material factor according to — 1,0
ISO/TS 6336-22:2018, Table A.1
(for matching case carburized/
case carburized)
Application Ka application factor — 1,0
Ky dynamic factor — 1,03
Ky mesh load factor — 1,0
KHa transverse load factor — 1,0
Kug face load factor — 1,05
Hoad Ty nominal torque at the pinion Nm 240
nq rotation speed of the pinion min-1 1000
Lubricant Boil 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
P15 density of the lubricant at 15 %€ kg/m3 890
— oil type — minera] oil
— failure load stage at testtemperature (90 °C) — SKS 10
according to FVA 54/7
AGFP permissible lubricant film thickness — 0,120

5(3.3 Calculation according to method B

5/3.3.1 Calculation of gear geometry (according to ISO 21771)
Bpsic values:
mn
me = m; =10,00 mm
cosf3
d1=21'mt d1:200,00mm
dy =z m; d, =200,00 mm
V4
u=22 u=1,00
Z
tanor,
0, =arctan o, =20,000°
cos

dy, =dq cosa,

dy, =d, cosa

© ISO 2018 - All rights reserved
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2-a —
d. .=22 d,,1 =200 mm
Wiy v
zy+2y)-m; -coso
Oyt =arccos|:( )2~at : } Oy =20,000°
By, =arcpi{sStpcosar;,) Bp=0

Det =My| 7 -cosa,

_ - i

z d

g, =—11 al | _1—tana,,
dpy

_ . B}
d
: a2 | _1—tano,,
\| b2

1 d2, di, \/dgz dg, -
Ey=—1" - + - —a-sino
o \/ 4 4 4 4 wt

Pet
ey =2S0P
my-r
Ey =€y TER

9o 20:5'(\/‘131 ~dp +\/d§2 ~dp, )_G'Sinawt

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

Pet =29,521 mm

£,=0,778

82 =0,778

£, =1,557

EB =0
8721'557

9o, =45,960 mm

ga =0mm (32) ga =0mm
9aB =£“—;pet (33) gap =8,219 mm
9B =Yo. [ Pet (34) gg =16,439 mm

d dZ,  di
gc :ﬂ.tanawt — al _ﬂ ga (35) gc 222,980 mm

2 4 4

9p =Det (36) gp =29,521 mm
9o = 9o ;pet Pt (37) 9pg =37,741 mm
Jg =Yg (38) gg =45,960 mm
22 © ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=eb8daf42148513f01e61ebd2015a6cae

2 2 2
dpr | |da1 _ 9

dai=2-
Al 4 4 4

—JotI9aA

d gy =191,919 mm

dp; =204,844 mm

(39)

dg; =195,912 mm

dpgq =211,920 mm

ISO/TR 6336-31:2018(E)

dp; =189,274 mm

d¢q =200,000 mm

dg; =220,000 mm

S,
=
IS

Il

N

2
2 2 2
dpa . /daz _dpyp g
4 4 4 A

dAB2 =211,920 mm
dDZ :195,912 mm

Nlormal radius of relative curvature:

_ Pea
cos B,

e

n,A

pn,AB = 13,916 mm

Pnp=16475mm

5/3.3.2 Calculation of materialdata

-1
1—vf 1—v%
=2 +
Eq E,
M1 =\//1M1'PM1'CM1
M2 =\//1M2'PM2'CM2

el

wul

wul

(40)

de = 204‘,844 mm

dDE2 = 191,919 mm

(43)

Pu:p=16,475 mm

pn,DE = 13,916 mm

(6)

(81)

(82)

d,, =220,600 mm
¢, =200,000 mm

dEZ = 189,274 mm

Pn,a =9,281 mm

Pnc=17,101 mm

Pn g =9381 mm

E,=226374N/mm?

Byy =12 4274 N/ (ms"

By =12 4274 N/(ms"

© IS0 2018 - All rights reserved
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5.3.3.3 Calculation of operating conditions

Loading:
pepp i (84) P=251 kW
60 1000
Tl
Fy =20040-— F,=24000N
dq
Ty
Fpe =2 000-—— F. =25540N
dy1
Local sharing factor:
NOTE No tooth flank modifications, spur gears, ISO tolerance class <7 (see ISO/TS,6336-22:2018, Figure 2.
A42 1 ga
ATTE 3 gp (44) X, =0,333
X ap ={0,500 Xg=1,000 X:=1,000
Xp=1,000 Xpg =0,500 Xg=0,333
Elasticity factor:
Zg = i (26) 2\0°
E=\3], 7 =189,812 (N/mm? )
Local Hefrtzian contact stress:
pH,A,B E b-pn'A'COSOCt pH,A,B :1 476 N/mm
Py agls =1 485 N /4mm? Py pp=1930 N/mm? Py cp =1894 N/mm?
pupd=1930 N/mm2 pupe g =1485 N/mm2 Pugp=1476 N/mm2
Payn aB=Rap—Ka- KK Ky Ko (24) PrymrAcp-=1 541 N/ mm”

pdyn,AB,B =1550 N/mmz

Paynpp =2 014 N/mm?

24

Pdyn BB =2 014 N /mm?

Pdyn C,B =1977 N/mm2

Payn g =1 541 N/mm?

© ISO 2018 - All rights reserved
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023

Velocity:

Ve A =Vr1,A ~Vr2,A (80) vga=—4813m/s
Vg aB =—3,091m/s vgg=-1370m/s Vgc=0m/s
Vgp=1370m/s VgpE=3,091m/s vgg=4813m/s

VEA =Vr1,a tVr2a (13) vya=7,163m/s
vy A =7,163m/s vyg=7,163m/s vy c=7,163 m/s
VZ,D :7,163 m/S VZ,DE :7,163 m/S VZ,E =7,163 m/S

Effective arithmetic mean roughness value:

Ra=0,5-(Ra; +Ra,) (3) Ra=0,80 pm

5/3.3.4 Calculation of lubricant data

X[, = 1,0 for mineral oil (see ISO/TS 6336-22:2018, Table 4)

O35 =2,657-107° .1 3513*8 (9) 035 =2,05-10"% m?

Xk = 1,2 for injection lubrication

log(v 40 +0,7)
log 1 0,7
A 0g(V100 +0.7) (18) A=-3459
lo 313
8 373

B=log|[log(v 4 +0,7)]= A-log(313) (19) B=897

5/3.3.5 Calculation of the material parameter

Mean coefficient of friction:

R 0,25

)sp=2,2-( 2 ) (86) Xp=1

kpn,C }

KBY=1,OforsY<2

Kp Ky Kug -Kip For Kgy 1 ~0,05

fpy, =0,045- A 7v THo THB bt 7By .(103 'neoil) T Xp Xy (85) Uy =0,067

b-vsc Pnc

© ISO 2018 - All rights reserved
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Bulk temperature:

1 1
Hv=(812+822+1—8a)- —+— | for e, < 2 (90) H, =0,206

zZy Zp | cospfy,
€max =€1 =82
Xca =1,p for no adequate profile modification (method B) (99)

0,72
Pu_-H, % x o
Oy =0, +7 400-| —Fm v | TS (83) Oy =126,6 °C
ab 1,2 Xg,

Material|parameter:
Gy =107 -ogy -E, (5) Gy =2935,8

5.3.3.6 | Calculation of the dynamic viscosity at bulk temperature

log[log (v gu +0,7) | = A-log(6y +273)+ B (12

(6 +273)—288

Vem =7,929 mm? /s

Pom =P}s5°| 1-0,7- (20) poy =811,9 kg /m>
P1s
_14-6 _ -3 2
Nom =107° Ve - Pom (16) Nom =6,437-10Ns /m
5.3.3.7 | Calculation of the velocity parameter
Up=n A (12) Up=1,086-10"11
A=Ten~ —1,086-
2000-E.-p, A A
Upap 47,319-10712 Ug =6,182.10712 Ug =5,956-10712
-12 -12 -11

Up =6,182-10 Upg =7,319-10 Ug =1,086-10

5.3.3.8 | Calculation of the load parameter
27 Py,

Wy =—22 (22) W, =2,913-107*

EY
Wyp =2,946-107* Wp =4,976-10"*

Wp =4,976-107% Wpg =2,946-107*

26

We =4,794-107*

Wg =2,913-107*
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5.3.3.9 Calculation of the sliding parameter

Load flash temperature:

Jr 10° - pp, "Pdyn,A "Vg,A‘ Pdyn,A

ISO/TR 6336-31:2018(E)

T
0q A ZT.BM1M+BMZM-\/8.I)“‘A m (79) 0q 4 =225,7 °C
0q ag =170,3 °C 0q g =119,2 °C 0qc=0°C
0qp =119,2 °C 0q pg =170,3 °C 0q g =2257°C
Lpcal contact temperature as sum of bulk and local flash temperature:
O A =6M +6g A (78) 05 4 =352,3 °C
0 ap =296,9 °C 0 g =245,8 °C 0 c=126,6 °C
0 p =245,8 °C 0 pg =296,9 °C 0 g =352,3 °C
Lpcal sliding parameter:
SGF,A _Zob. ToBA (27)  Sgpa =0,024
Gom Tlem ‘
Sqr.ag =0,049 Serp=0,102 Serc=1,000
Ser,p =0,102 Ser,pE =0,049 SerE=0,024
5/3.3.10 Calculation of thedubricant film thickness
Ha =1600-p,, oGy U7 - W, O 52022 4 hy=0,048 ym
hpg =0,064 pm hg =0,074 pm h¢c =0,124 pym
hp =0,0741m hpg =0,064 um hg =0,048 pm
5(3.3(11 Calculation of the specific lubricant film thickness
AGF A =Z—‘; (2) Acr A =0,060
Agr ag =0,080 Agr g =0,092 Agrc =0,154
Agrp =0,092 Agr pg =0,080 Agr g =0,006
AGF,min =AGF,A =AGF E AGF,min =0,006
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5.3.3.12 Calculation of the micropitting safety factor

Sa

_ /’LGF,min
AGFP

€y S, =0,504

The final results for the calculation of the safety factor against micropitting, S, for Example 2 are

shown ir

NOTE

performeld, is used in the calculation. Micropitting load capacity is significantly influenced by additives, oftg

more tha

22 recommends that the oil is tested at the temperature used in the application.

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

5.4 Example 3 Helical gear

5.4.1 General

The result of this example is confirmed-by’experimental investigations. The gears were obvious
micropitted and had profile deviations ef’approximately 10 um (pinion) and 5 pm (wheel). Figure

showsa

28

L n R R | 1.0
1dUIC 1U.

Table 10 — Results of calculation according to method B — Example 2

Point A AB B C D DE E
AGEY 0,060 | 0,080 | 0,092 | 0,154 | 0,092 | 0,080 | 0,060
AGF,min 0,060
AGFP 0,120
Sa 0,504

With reference to ISO/TS 6336-22:2018, 5.4, for Oyjrer the oil temperature, at which the test w

h by the viscosity. As the effectiveness of additives depends significantly on temperature, ISO/TS 633

liagram of the observed location and severity of micropitting for pinion and wheel of Example

NS
n

o
1

HFlw<
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15 pum

b)

Key

Juny

tip
root

DN

9] ]

4.2 Inputdata

Table 11 — Input data for Example 3

NOTE For the calculation according tar-method B, no modifications were considered.

b) Wheel

Figure 3 — Diagram of schematic profile deviations of pinion and wheel for Example 3

Example3
Symbol Description Unit Pinion Wheel
Comb.
(eometry z number of teeth — 33 34
— driving gear — X
mp normal module mm 4,5
an normal pressure angle ° 20
B helix angle (right-hand on pinion) ° 19,578
b face width mm 44
centre distance mm 160
X addendum modification factor — 0,0 0,0
d, tip diameter mm 166,61 171,39

modifications recognized during calculation of pressure distribution.

a  Calculation according to method B: modifications assumed as not adequate; calculation according to method A:

© ISO 2018 - All rights reserved
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Table 11 (continued)

Example 3
Symbol Description Unit Pinion Wheel
Comb.
— tooth flank modificationsa — linear tip relief
Ca1 =50 pm,
dgnd1 = 162,72 mm
Ca2 =50 pm,
dgnd2 = 162,52 mm
A ISO tolerance class — 4 4
Ra arithmetic mean roughness value pum 0,45 0,45
Material — material — Eh Eh
modulus of elasticity N/mm?2 206000 206 000
% Poisson's ratio — 0,3 0,3
AM specific heat conductivity W/(m-K) 45 45
M specific heat capacity ]/ (kg-K) 440 440
oM density kg /m3 7 800 7 800
Ww material factor according to — 1,0
ISO/TS 6336-22:2018, Table A.1
(for matching case carburized/
case carburized)
Applicatjon Ka application factor — 1,0
Ky dynamic factor — 1,05
Ky mesh load factor — 1,0
Ky transverse load factor — 1,0
Kyp face load factor — 1,10
Load Ty nominal torque at'the pinion Nm 4000
ny rotation speéd of the pinion min-1 3000
Lubricart Boil oil inlettemperature (injection lubrica- °C 90
tion)
V40 kihematic viscosity at 40 °C mm?2/s 76,5
V100 kinematic viscosity at 100 °C mm?2/s 8,0
P15 density of the lubricant at 15 °C kg/m3 895
< oil type — mineral oil
AGFP permissible lubricant film thickness — 0,112
determined from a representative
bench test

30
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5.4.3 Calculation according to method B

5.4.3.1 Calculation of gear geometry (according to ISO 21771)

Basic values:

ISO/TR 6336-31:2018(E)

__Mn
m; = m, =4,776 mm
cosf3
dy =z -m; d{ =157,612 mm
dy =2z, -m; d, =162,388 mm
z
=== u=1,03
Z1
tana
A :arctan( n ] 0p=21,122°
cos 3

dy,1 =dq coso
dy,, =d, cosa,

_2-a

_u+1

S,

w1l
dw2 =2’a_dwl

{(21 +2y)-my -cosat}

2-a

S

wt =arccos

Ay, =arcsin(sin B -cosory, )

Het =M "7 -COSOL

dy; =147,023 mm

dy =151,479 mm
d,,1=157,612 mm

d,, =162,388 mm

Oty =21,122°

By, =18,354°

Pet =13,997 mm

_ — _
Z al
g =1 22 N2 —tano =0,771
) . B}
Zy daz
&y, =—7 —= | -1-tana =0,774
¢ 2 [dsz we €
1 3 dp \/dgz diry :
Ey="" + a-sino =
o pet \/4 4 4 wt 80( 1,545

© ISO 2018 - All rights reserved
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_b-sinp
m, 7w

£p

Ey=Eq €

Y

9o =0'5'(\/d§1 —dp; +\/d§2 ~dp; )_a'Sinawt

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

e =1,043

€y =2,588

9o =21,623 mm

gA=0nlm

_9¢ " Pet
9aB 2

IB =YGo [ Pet

2 2
dar b1
4 4 o

d
dc zﬁ"tanawt -

2

9D =Pet

9DE =]

IE=Yau

2 2 2
dbr | a1 _ 9
4 4 4

dpg =2

dABl :153,115 mm

dp; =[160,002 mm

2
dg, fdzz dis

dy, =2 +| 4|2~ -

A2 4 4 4 ga

dABZ = 167,957 mm

dp, =[160,216 mm

(32)
(33)

(34)

(35)

(36)
(37)

(38)

(39)

dBl =155,4—17 mm

(40)

de :164,807 mm

dDEZ :157,897 mm

ga =0 mm
I AB :3,813 mm

9g =7,626.mm

9cE10,832 mm

gp =13,997 mm
9pg =17,810 mm

9g =21,623 mm

dc1 :157,612 mm

dg; =166,610 mm

dpp =171,390 mm

dcz :162,388 mm

dg, =155,916 mm

Normal radius of relative curvature:

pn,AB :14‘,173 mm

Pnp=15,050 mm

32

(43)

Pnp =14,945 mm

pn,DE = 14,403 mm

Pn,a =12,869 mm

Pnc=15,183 mm

Pn g =13,225 mm
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5.4.3.2 Calculation of material data

ISO/TR 6336-31:2018(E)

;O’SK)

-1
1-v 1-v?
E =2 1,72 (6) E,=226374N/mm?
Eq E;
BMl z"/’LMl'le'ch (81) BMl =12 427,4’ N/(mSO'SK)
Bz =\Amz2 Puz Cum2 (82) By, =124274N/(m
5(4.3.3 Calculation of operating conditions
Lpading:
Aezp . 1 (84) P21 257 kW
60 1000
T
R =2000-—= F,=50758N
dq
T
Fp =2 000-—— F. =54 413N
dp1
Lpcal sharing factor:
NOTE Helical gears, 0,8 < g < 1,2, unmodified’profile (see ISO/TS 6336-22:2018, 11.9).

S

A (EB 20’8):(§j'xbut,A

X g (£5=08)=0,5

[Xbut‘AB (ep :0,8):1,0}

Xp (ep =0,8)=1
[Xbut‘D (25 =0,8)=1,0}

A (EB =1»2)=%'Xbut,A

St

(44)

Xp(ep=0,8)=1

[xbut‘B (ep :0,8):1,0}

Xpg (£5=0,8)=0,5
[Xbut,DE (ep =0,8)=1,0J

(67)

Xa (£ =0,8)=0,41]
[Xbut,A (ep=0.8)=1
Xc(ep=0.8)=1

[Xbut‘c (ep=0,8)=1
Xg (£5=0,8)=0,413
[Xbut,E (e5=0.8)=1

Xa(ep=1,2)=0,841

“o
Xap(ep=1,2)=1,0

[Xbut,AB(gB =1,2)=1,0}

Xp (€5 =1,2)=0,647

[Xbut’D (ep :1,2):1,0}

© IS0 2018 - All rights reserved

Xp(ep=1,2)=0,647

[Xbut‘B (ep =1,2)=1,0}

Xpg (£ =1,2)=0,647

[ Xbua (€5 :1,2):1,3}

Xc(ep=1,2)=0,647

[Xbut‘c(eﬁ =1,2)=1

0]

Xg (g5 =1,2)=0,841

[Xbut,DE (ep :1,2):1,0} [Xbut'E (ep =1,2)=1,3]
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XA=XA(8B=0,8)-1'2_8 +XA(eB=1,2)-8B_O'8 (77) X, =0,673
0,4 0,4

X zg =0,589 X5 =0,786 X:=0,786

Xp =0,786 Xpg =0,589 Xp=0,673
Elasticity factor:
Z jﬁz (26) Zp =189,812 (N/mmz)o'5

2\ E y
Local Hertzian contact stress:
Fo- X,

PH,A,B=ZE"fW (25) P ag=1527 N/mm?
Py als =1361 N/mm? pypp=1531N/mm? Py cp=1519 N/mm?
pypd=1525N/mm? pupep=1350N/mm?  pypp=1506N/mm?

den,A,B=PH,A,B'\/KA'Ky'Kv‘KHa'KHB (24) Pdyn,A,B =1 641 N /mm?
Payn As3 =1 463 N/ mm’ Payn pp=1645N/mm®  py. cp=1632N/mm?
Payn}p =1639 N/mm? Pagopes =1451N/mm®  pyo pp=1619 N/mm’

Velocity:

Vg, A =Vi1,A ~Vr2,A (80) Vg a=-6,706m/s
Vg ABF—4,345m/s vgp=-1,984m/s Vgc=0m/s
Vgp 1,959 m/s vgpE =4,320m/s Vgg=6,681m/s

Vs A=V tVioa (13) vs A =17,743 m/s
vs ag[F17,778'm /s vyg=17,813m/s vy c=17,843m/s
vy p 317872 m/s Vs pp =17,907 m /s vy =17,942m/s

Effective arithmetic mean roughness value:

Ra=0,5-(Ra; +Ra,) (3) Ra=0,45 pm
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5.4.3.4 Calculation of bubricant data
X1, = 1,0 for mineral oil (see ISO/TS 6336-22:2018, Table 4)
035 =2,657-107° . gel3* ® (9)

Xs =1,2 for injection lubrication

. |_ log(v40 +O,7) -|
10g

ISO/TR 6336-31:2018(E)

0133 =1,88-10°m? /N

log(v100 +0'7)J

A= (18)
lo 313
8 373
B=log[log(v4 +0,7)]-A-log(313) (19)
5/4.3.5 Calculation of the material parameter

=

ean coefficient of friction:

R 0,25
R =22 —2
pn,C

K By =1,238 for 2<8Y <3,5

S

A=-3978

B = 10,204

© ISO 2018 - All rights reserved

0,2
Kp-K, Kyo, Kyg-Fie - K \ -0,05
b-vsc-Pnc
Bulk temperature:
1 1
f'vz(£12+e%+1—ea)- —+F— | fore, < 2 (90) H,=0,128
z{ z, | cosfy
€max €2
Xca =1,0 fofono adequate profile modification (method B) (99)
0,72
p. -H ’ X o
6M=90ﬂ+7400-( Fm V) s (83) 6y =149,3 °C
a-b 1,2-X.,
Material parameter:
Gy =10° -agy -E, (5)  Gy=23882
35
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5.4.3.6 Calculation of the dynamic viscosity at bulk temperature

log[log(vgy +0,7) | = A-log(6y +273)+B (A7) vgy =3,044 mm? /s

(6 +273)—-288
P1s

Pom =P15-| 1-0,7- (200 pgy =801,0kg/m>

_1n-6 _ -3 2
NoM =1 VM oot (1 ﬁ) et 2,438-10 NcI/m

5.4.3.7 | Calculation of the velocity parameter

Ua=ey -5 OOO‘TZ‘fpn‘A (12) Up=7,42410012
Upag 56,754-10712 Ug =6,418-10"12 Uc=6,328-10712
Up =6,394-10712 Upg =6,695-10712 Uy =7,305-10712

5.4.3.8 | Calculation of the load parameter

2
W, :2—'1'%‘& (22) W, =3,302-10*
EI'
Wyg $2,624-107* Wp =3,318-107* W =3,266-107*
Wp =B,295-107% Wpp =2,582-107* Wy =3,213-107*

5.4.3.9 | Calculation of the sliding'parameter

Load flagh temperature:

(79) 644 =196,6°C

— 6
Jr 107 -ppy "Pdyn A "Vg,A‘ Pdyn,A
On,a=—4— 8 Pna T

Bu1\Vish +BuayVrza 1000-E,
0q agF115,2-°C 0pg=617°C 0qc=0°C
0q p 6676 O pr=1897-°€ O =19342€
Local contact temperature as sum of bulk and local flash temperature:
Op A =0\ +6g A (78) 0 5 =346,0 °C
0 ap =260,5°C Op g =211,0°C 0 c =149,3 °C
Opp=210,1°C 0 pg =259,0°C 0 g =342,7 °C
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Local sliding parameter:

ISO/TR 6336-31:2018(E)

SGF,A _Zob.0 ToBA (27) Sgp o =0,054
Com ‘oM ’
Scr ag =0,160 Sgr g =0,327 Ser ¢ =1,000
Sgrp=0,332 S¢rpg =0,163 Sgr g =0,056
54310 Caleculation ofthe lubricant film thickness
My =1600-p, o -Gy U7 - WO 5022 (4) hy =0,053 pm
hpg =0,071 pm hg =0,082 pm h¢ =0,106 im
hp =0,083 um hpg =0,073 pm hg 0,054 pm
5/4.3.11 Calculation of the specific lubricant film thickness
AGF,A=Z—’; (2) Agr.a =0,117
Ak ag =0,159 Agrp =0,183 Agrc =0,236
Agrp =0,185 Agr pg 50,161 Agrp=0,121
AGF,min =AcF,A =AGFE AGF,min = 0,117
5(4.3.12 Calculation of the micropitting)safety factor
= AZF’mm §3) S, =1,044
GFP

hown in Table 12.

wn

The final results for the\calculation of the safety factor against micropitting, S, for Examj

Table, ¥2 — Results of the calculation according to method B — Example 3

ble 3 are

Point A AB B C DE E
AGEY 0,117 | 0,159 | 0,183 | 0,236 | 0,185 | 0,161 | 0,121
AGF,min 0,117
AGEP 0,112
S 1,044

5.4.4 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 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 13. The maximum values are printed in bold.

© ISO 2018 - All rights reserved
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Table 13 — Matrix of pressure distribution pyy s in N/mm?2

The resy
The min

For the ¢
matrix o

A’GP
T

NOTE

from the
amount d
method B

5.5 Ex

Width in mm
0,0 15,5 28,5 44,0

A 1205 768 742 384
AB 1572 1456 1457 1273
B 1568 1560 1550 1589
C 1518 1510 1530 1582
b 516 1529 574 1621
DE 1192 1423 1454 1623
E 250 655 765 1513

Iting matrix of specific lubricant film thickness according to method A is shown,in Table 1
mum value is printed in bold.

Table 14 — 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
B 0,244 0,245 0,246 0,242
C 0,323 0,324 05323 0,320
D 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

=

alculation of the micropitting safety factor according to method A, the minimum value of the
f resulting specific lubricant film thickness, shown in Table 14, was used.

P S, =1,124
L FP

The difference in safety factor calculated between methods A and B in the above Example 3 resulfs
simplified analysis‘of-method B, in relation to the account for profile modification. In Example 3, tle
f tip relief is not.€alculated as being optimum for the specified load; therefore, the calculations fpr
are based on/Contact conditions with no consideration for tip relief.

ample 4 Speed increaser

5.5.1 ¢

Féneral

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

NOTE

In Example 4, the wheel is the driving gear, so that the beginning of tooth contact in this example is at

the root of the wheel, point E.

38
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