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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 prog¢edures used to develop this document and those intended for its further maintenance afe
describefd 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
editorialrules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attentioh is drawn to the possibility that some of the elements of this document maybe the subject pf
patent rights. ISO shall not be held responsible for identifying any or all such patentrights. Details pf
any patept rights identified during the development of the document will be in the Tntroduction and/¢r
on the IS0 list of patent declarations received (see www.iso.org/patents).

Any trade name used in this document is information given for the conveniénce of users and does n¢t
constitufe an endorsement.

For an ¢xplanation of the voluntary nature of standards, the-mganing of ISO specific terms and
expressipns related to conformity assessment, as well as jnfermation about ISO's adherence to
the Worlld Trade Organization (WTO) principles in the echnical Barriers to Trade (TBT), sge
www.isd.org/iso/foreword.html.

This doqument was prepared by Technical Committee 1SO/TC 60, Gears, Subcommittee SC 2, Geqr
capacity|calculation.

This sedond edition cancels and replaces thé first edition (ISO 6336-30:2017), which has bedn
technically revised according to ISO 6336-1:2019, ISO 6336-2:2019, ISO 6336-3:2019.

The main changes are as follows:

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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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.

The procedures specified in ISO 6336-1 to ISO 6336-19 cover fatigue analyses for géar‘rating. The
procedures described in ISO 6336-20 to ISO 6336-29 are predominantly related-fo)the tripological
behaviour of the lubricated flank surface contact. ISO 6336-30 to ISO 6336-39’include [example
calculations. The ISO 6336 series allows the addition of new parts under appropfiate numbers fo reflect
khowledge gained in the future.

questing standardized calculations according to ISO 6336 without refetring to specific parts|requires
the use of only those parts that are designated as International Standards (see Table 1 foi] listing).
hen requesting further calculations, the relevant part or parts of1SO 6336 need to be specified. Use

of a Technical Specification as acceptance criteria for a specific design needs to be agreed in[advance
bptween manufacturer and purchaser.
Table 1 — Overview-0fISO 6336
Internation- | Technical Technical
Calculation of load capacity of spur and helical gears al Specifica-
. Report
Standard tion

Hart 1: Basic principles, introduction and general.ififluence factors X

Rart 2: Calculation of surface durability (pitting) X

Hart 3: Calculation of tooth bending strength X

Hart 4: Calculation of tooth flank fractureload capacity X

Hart 5: Strength and quality of materials X

Hart 6: Calculation of service lifeiunder variable load X

Rart 20: Calculation of scuffing load capacity — Flash temperature X

method

Hart 21: Calculation of seuffing load capacity — Integral temperature X

method

Hart 22: Calculation of micropitting load capacity X

(replaces: ISO/TR 15144-1)

Hart 30:<Galculation examples for the application of ISO 6336-1, X

I50 6336=2, I1SO 6336-3 and, ISO 6336-5

Ra¥t31: Calculation examples of micropitting load capacity X
(replaces: ISO/ TR 15144-2]

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

This document provides worked examples for the application of the calculation procedures defined in
ISO 6336-1, ISO 6336-2, ISO 6336-3 and ISO 6336-5. The example calculations cover the application to
spur, helical and double helical, external and internal cylindrical involute gears for both high speed
and low speed operating conditions, determining the ISO safety factors against tooth flank pitting and
tooth root bending strength for each gear set. The calculation procedures used are consistent with
those presented in ISO 6336-1, ISO 6336-2, ISO 6336-3 and ISO 6336-5, unless qualifying comments are
provided. Where qualifying comments have been included in this document, they reflect areas of the
calculation procedures presented in the current standards where points of clarification are required
or editorial errors have been identified. The changes defined within the qualifying comments will be
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implemented in future revisions of ISO 6336-1, ISO 6336-2, ISO 6336-3 and ISO 6336-5. No additional
calculations are presented here that are outside of the referenced documents.

Eight worked examples are presented with the necessary input data for each gear set provided at the
beginning of the calculation. Calculation details are presented in full for one worked example, with all
following examples having summarized results data presented in tabular format.

For all calculations in this document, the flank tolerance classes according to ISO 1328-1:2013 are
applied.

vi © IS0 2022 - All rights reserved
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Calculation of load capacity of spur and helical gears —

Part 30:

Calculation examples for the application of ISO 6336 p
1,2,3,5

arts

Scope

This document presents worked examples that apply exclusively the approximation methods for the

dptermination of specific influential factors, such as the dynamic factor, K, andthe load dist

ributions

fgctors Ky, Ky etc., where full analytical calculation procedures are provided within the referenced

phrts of ISO 6336.

orked examples covering the more advanced analysis techniques and ‘'methods are not app
this document.

fgctors or the data presented do not represent recommended criteria for real gearing. Data p|

I§0 6336-1, ISO 6336-2, 1SO 6336-3 and ISO 6336-5.

Normative references

10 1122-1, Vocabulary of geariterms — Part 1: Definitions related to geometry

10 6336 (all parts), Calculation of load capacity of spur and helical gears

3 Terms, definitions, symbols and units

(8]

1 Terms'and definitions

1]

br the purposes of this document, the terms and definitions given in ISO 1122-1 and ISO 6336 (
bply.

O

[

90-adnd IECmaintain forminn]ngy databases foruse in standardization at the fn]]n‘Aring addre

2
The following documents are referred.t0)in the text in such a way that some or all of theiy content
C
u

icable to

The example calculations presented in this document are ptovided for guidance on the application
of ISO 6336-1:2019, ISO 6336-2:2019, ISO 6336-3:2019 and{SO 6336-5:2016. Any of the valugs, safety

resented

within this document are for the purpose of aiding, the*application of the calculation procgdures of

bnstitutes 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] applies.

hll parts)

Ses:

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

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

3.2 Symbols and units

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. All symbols used in this

document are given in Table 2.
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Table 2 — Symbols

Symbol Description Unit
A Flank tolerance class —
a Centre distance mm
B¢ Non-dimensional parameter —
By Non-dimensional parameter —
Bp Non-dimensional parameter —
Bl CUllb LdaIllt -
B, Constant 7\(]‘/
b Facewidth (total facewidth if double helical) @)‘? '
bg Facewidth per helical if double helical (b/2) m\)mm
D s Contact facewidth O‘Q)/v mm
b Web thickness o - mm
C, Tip relief P pm
Cy Basic rack factor r\\ ) —
C Root relief \%\J pum
Cy Correction factor rs\\\ —
Cr Gear blank factor AQ - —
Co1 Constant Y% —
Cyo Constant , \\/\\ ) —
Cy3 Constant O\ —
Cys Constant . \\,Qv —
Cys Constant . 0.® —
Cop Constant AQ\V —
Cyy Constant N R\ —
Cyy, Lubrication film factor exponeK\C)v —
Cyr Roughness factor exponent —
Cra Mean value of mesh stifo&s per unit facewidth N/(mm-pm)
Cyp Mean value of mesh ;&i@fﬁ(\ess per unit facewidth N/(mm-um]
¢’ Maximum tooth s‘ti'gf}l'ejss per unit facewidth of gear pair N/(mm-pum)
Cth Theoretical ﬂn@\s/tiffness N/(mm-um]
Dy Ball diamA@'ep mm
d Reference fiameter mm
d, Tip\@&eter mm
d,, p %al tip diameter mm
dy, 03 'Base circle diameter mm
dyn Virtual base diameter mm
dep Virtual outer single tooth contact diameter mm
dgs Root form diameter (based on xg) mm
d; Root diameter (based on xg) mm
dy Mean tooth diameter mm
dye Start of active profile diameter mm
d, Virtual reference diameter mm
dgp, External shaft diameter mm
dgpi Internal shaft diameter mm
d, Working pitch diameter mm
2
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Table 2 (continued)

Symbol Description Unit
E Young's modulus N/mm?
Ei, Auxiliary value (for form factor for pinion or wheel) —
F, Mean transverse tangential load N
F, Nominal tangential load at the reference cylinder N
Fy Determinant tangential load N
b Hnittetequivatentmisatignment —Hm
Hgy Effective equivalent misalignment (after running-in) j q‘y pm
et Effective profile deviation after running-in ! })V pm
7, Profile form deviation (see ISO 1328-1:2013) o um
g Helix slope deviation (see ISO 1328-1:2013) Al o pum
fha Mesh misalignment N pm
Jiss Transverse base pitch deviation (the values of f,r may be used for, ations pum

in accordance with the ISO 6336 series, using tolerances accord 0 1S0O 1328-
1:2013)

fbetr Effective transverse base pitch deviation after running-i{}\ pm
fir Single pitch tolerance (see ISO 1328-1:2013, ISO 6336/r@s to fyr as fi,) pum
Sl Equivalent misalignment O pm
flho Shaft deformation under specific load \\Q o pum
fhca Tooth flank correction factor (auxiliary factqr&?ae ISO 6336-2:2019) —
f] Load distribution influence factor \(\Q’ ) —
t Auxiliary value (for form factor) \A N —
i Auxiliary value (for form factor) \\Q)\‘ —
I Tooth depth \.O mm
Hge Bending moment arm \j? mm
Hep Basic rack dedendum (-\\U mm
Hy Tip chamfer mm
K Constant f'\$\ —
Ky Application @\oJr —
Hrq Transve;r@dad factor —
Hrp Face@‘a}factor —
) O Teansverse load factor —
Kup __\PFace load factor —
K, \A\) Dynamic factor —
K, ,(?‘\ Mesh load factor —
K o_) K Number of teeth spanned —
L Auxiliary notch parameter —
1 Bearing span mm
Mgk Dimension between balls mm
m, Normal module mm
Myeq Reduced gear pair mass per unit facewidth kg/mm
N Resonance ratio —
Ng Exponent —
Ny, Number of load cycles —
Ny Number of meshes —

© IS0 2022 - All rights reserved
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Table 2 (continued)

Symbol Description Unit
n, Rotation speed of pinion (or wheel) min~!
Ngq Resonance speed min1
Pbn Virtual base pitch mm
pr As cut basic rack undercut mm
q Material allowance for finishing mm
qs I\‘Iutbh you alllCtCl
qst Notch parameter of standard reference test piece :q:y
q Flexibility of pair of meshing teeth [mr}ﬁ)ﬁ%)/l\
Ra Arithmetic mean roughness value, Ra=1/6 Rz o\Q um
Rz Mean peak-to-valley roughness (ISO 4287:19972 including ISO 4287:1997/ Q)’u pum

Cor 1:1998, IS0 4287:1997/Cor 2:2005, 1SO 4287:1997/Amd 1:2009 and (b(b
1SO 4288:1996") _©

Rzy, Mean relative peak-to-valley roughness for gear pair A um
Sk Safety factor for bending _ \ —
Su Safety factor for surface durability . \‘O —
s Bearing span offset P é\ mm
Skn Tooth root normal chord <'3< mm
Spr Residual fillet undercut, Spr =Pr—4q \\Q mm
Ty, Nominal torque at pinion/wheel ‘\\)\ Nm
v Circumferential velocity at the reference cylinq‘q\q’ m/s
Vi Pitch line velocity N N m/s
W Span measurement \X\Q) mm
X Nominal profile shift coefficient xQO —
Xg Generating profile shift coefficiqn(t\k —
Xgy Generating profile shift coeffic'@}tv(pre-finishing) —
X Pinion cutter profile shift ¢oefficient —
Vg Rim thickness factor (j%\ —
Ypr Deep tooth factor @) —
Ye Tooth form fag@)k) —
Yy Life factor@l root stress) —
YN Life facl@if&r reference test conditions (tooth root stress) —
YRrelT Relq}h&t\urface factor —
Ys St correction factor —
Yor x(@(;ess correction factor, relevant to the dimensions of the reference test gears —
Yy “Dlsize factor —
Yp Helix angle factor —
YsrelT Relative notch sensitivity factor for reference stress —
Ve Running-in allowance pum
Ve Running-in allowance pum
Y Running-in allowance pum
Zy Single pair tooth contact factor —
Zp Single pair tooth contact factor —
Zg Elasticity factor ,N/mmz
Zy Zone factor —

4 © IS0 2022 - All rights reserved
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Table 2 (continued)

Symbol Description Unit
Z, Lubricant factor —
Zy Life factor (contact stress) —
Znt Life factor for reference test conditions (contact stress) —
Zy Roughness factor —
Zy, Work hardening factor —

Iy . (‘
4, Velocity factor ,q,b —
y, Helix angle factor ! E.)' —
4. Contact ratio factor o\Q ’ —
7 Number of teeth mQ)'J —
7 Virtual number of teeth o N —
7, Pinion cutter number of teeth ,O~V —
Y
qn Normal pressure angle A<\ °
Aen Virtual form factor pressure angle R \ °
Qren Virtual load direction angle r‘\\\ °
\J
d; Transverse pressure angle AQ °
2 Transverse working pressure angle O °
3»
f Helix angle (without subscript, at reference ;y@der) °
o LN\ .
) Auxiliary angle O
. &7
g, Transverse contact ratio \\'Q —
&en Virtual contact ratio N —
. N\
g Overlap ratio R\ —
g Total contact ratio » xO —
6 Auxiliary value (for form\ﬁor) rad
. ' . A
I Poisson's ratio ) @) —
o Lubrication Visc@y' mm2/s
a Material denﬁi@\ Kg/m3
Jo Radius of(ethure mm
Aaro Pmlo‘r_\@ter tip radius coefficient —
o e .

Ar Ra@hi@of root fillet mm
Aep N@%{ﬁllet radius of the basic rack for cylindrical gears mm
Ared \d(ﬁelative radius of curvature mm
q DS " |Slip layer thickness mm
g FG:\‘ Nominal tooth root stress Ny/mm?

T — FoothTootstress N/mm?
OFlim Allowable stress number (bending) N/mm?
Opp Permissible bending stress N/mm?
ORplonglife Permissible bending stress (long life) N/mm?
Oppref Permissible bending stress (reference condition) N/mm?2
oy Contact stress N/mm?2
Ol lim Allowable stress number (surface) N/mm?
Oto Nominal contact stress at pitch point N/mm?
Oyp Permissible contact stress N/mm?
Olplonglife Permissible contact stress (long life) N/mm?2

© IS0 2022 - All rights reserved 5
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Table 2 (continued)

Symbol Description Unit
Opref Permissible contact stress (reference) N/mm?2
o Yield stress N/mm?
00,2 Proof stress N/mm?
x* Relative stress gradient in root of a notch mm-1
Z; Stress gradient - smooth, polished test piece mm-1
Z; Stress gradient for reference test piece mmt
a Cancelled and replaced by ISO 21920-2:2021.

b Cancelled and replaced by ISO 21920-3:2021.

4 Worked examples

4.1 Geq

Clause 4
factor fo

are appl
denoted

The calc
gear pail

For example 1 in 4.3, the full calculation procedure'is presented including the formulae. For 4ll
ent calculations, only the tabulated input and results data are provided.

subsequ

In a numper of areas, points of clarification of the procedure or specific criteria that differ slightly from

the defin
calculati
ISO 6336

NOTE 1
calculatig

NOTE 2
(X,XX); h

4.2 Qu

4.2.1 (

neral

" tooth breakage, Sg. For all examples, where various calculationinéthods are presented for the
determination of specific influencing factors, the approximate metheds detailed in the ISO 6336 serig¢s

As a subscript to that factor (as defined in ISO 6336-1).

hlations results in specific aspects of the rating procedure to highlight the influence of specifjic

pns. The points reflect the trué_intention of the procedures of 1ISO 6336-1, ISO 6336-2 arld

jalifying-comments

presents examples for the calculation of the safety factor for surface durability, Sy, and safety

ed. Where a specific method is used to calculate an influence parameter, the method used fs

geometry, quality or application.

itions provided in ISO 6336-1, ISO:6336-2 and ISO 6336-3 are incorporated within the example

-3 and are defined in 4.2.

The calculations and results presented were performed using computer-based procedures. If the
ns are performed manually/it is possible that small differences between the results appear.

In the presented results, all values for K factors are presented with rounding to two decimal placgs
wever, for the aetdal calculations, the results for each factor have been used with unrounded values.

Laleulation of base pitch deviation, f;;,

The valu

1 1y 1 c VAR | ol a] 1 (a A 11 1 4 1
CdiCUIldicl 101 jpb 15 Dy HICAILS O FULITIUIA (1], dIIU IS dPpHEUd WILITIOUU T'OUIIUIIIE.

foo = for -cos(ay ) (M

where f; is provided by ISO 1328-1:2013.

© IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=8a1a0dd232fe6ba7e2bbf277bea0f522

ISO/TR 6336-30:2022(E)

4.2.2 Calculation of running-in allowance, y,, for the transverse load factors K, and Ky,

The following criteria defined in ISO 6336-1:2019, 8.3.1, are applied only for the calculation of K};, and

Kgy:

a

— The base pitch deviation, f,;,, accounts for the total effect of all gear tooth deviations which affect

the transverse load factor. If, nevertheless, the profile form deviation, f;,, is greater than
pitch deviation, the profile form deviation fg, is used instead of the base pitch deviation f,

— If profile modifications compensate for the deflections of the teeth at the actual load level

the base

, 50 % of

—3

q

J

[

o3

T
%

4

Q T

the-base pitchrdeviation f; amd fts corTespording Tunmimg=i vatue y, tf ;) Tespectively tf
form deviat_ion fta apd its corresponding running-in value y,(f;,) is used for the calculatig
This reduction applies for examples 1 and 4 of this document.

he criteria listed above do not apply for determining f,;, and fg, for the calculation-df K, acc
0 6336-1:2019, 6.5.4.

2.3 Calculation of mesh stiffness, ¢y

he calculation of mesh stiffness, c,, in accordance with method B of 150 6336-1:2019, 9.3.3, i
r all example calculations. For all ¢, calculations, the use of the nominal profile shift coefficie

yen where xg; is used for other strength calculations associatedwith the tooth root. Virtual n
eth of helical gears were calculated with Formula (16) of4SO 6336-3:2019 rather than app
rmula given in Formula (81) of ISO 6336-1:2019.

2.4 Application of lubricant film Z;, Z, and Z;, hardness Z,; and size Zy influence facto

ccording to the ISO 6336 series, the permissible contact stress numbers for static and 1
pndition, including all relevant influence factors as defined, will be calculated. For limited li
terpolation on a log-log scale, followingthe procedure of Zyr, between these two values i

he displayed values of Z;, Z,, Zy, Ziy and Zy in the output tables of this document show the inte
hlues of each Z-factor.

2.5 Calculation of the permissible contact stress in the limited life range (Zy and Zy)

br the calculation gfthe permissible contact stress in the limited life range, the following pro
bnsidered according to ISO 6336-2:2019:

- Calculation of the permissible contact stress for static stress oyp i, and for reference stres
according to ISO 6336-2:2019, 5.4.3 with the use of Zyr.

- Galculation of the permissible contact stress for the limited life range oyp ;,, by applying the
in'ISO 6336-2:2019, 5.4.4.3. The application of the formulae results in the calculation and us

e profile
n of Ky,

rding to

5 applied
nt, x, and

pbminal basic rack dedendum, h¢p, is applied. The generating profile shift coefficient, x, is pot used,

himber of
roximate

S

eference
fe, linear
applied.

he linear interpolation on a log-log-scale)for limited life leads to a value Zy, which can be diffferent to
e value Zyr.

rpolated

redure is

bS O-HP,stat

formulae
age of Zy

d £ 1 | ] 41 11 1 ] 4 N RY sl W : |
(E. &5 TUT ULAST TIAdTUTIITU U LIITUUGSIT IIdT UTIITU TIIdITT IdT ) WILIT TIU pPItUITES PTTIHITIS STUIT.

OHp ,stat

7 \0,3 705log———
[5 10 ] OHP,ref
ZN =

Ny,

The obtained permissible contact stress for the limited life range oyp ;, is equal to the permissible
contact stress oyp, which is subsequently used to calculate the pitting stress limit oy according
to ISO 6336-2:2019, 5.4.3 and eventually the safety against pitting Sy; according to ISO 6336-2:2019,
5.2.
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4.2.6 Application of work hardening factor, Z;,

In example 5 in 4.7, a surface-hardened pinion is used with a through-hardened cast iron wheel.
According to ISO 6336-2:2019, 13.3.2, the calculation method is only valid for through-hardened steel,
not through-hardened cast iron. To be on the conservative side, the work hardening factor for the
wheel is set to Zy,, = 1,0. For all other cases where both gears are either through-hardened or surface-
hardened, Zyy, , = 1 for both pinion and wheel applies.

4.2.7 Determination of Rz

The detgrmination of Rz from the specified Ra values is determined by the approximation suggested In
ISO 6334-2:2019, 12.3.2.3.1, footnote 2, where Rz = 6 - Ra.

4.2.8 Facewidth for calculations involving double helical gears

For calculations involving double helical gears (such as example 7), and for thé application pf
ISO 6334-2:2019, Formula (40) by is used instead of b.

4.2.9 (alculation of ¢; for double helical gears

For the dalculation of &; for double helical gears, the value applies for only.one helix. For example, the
value forjfacewidth, b, is replaced by bg.

4.2.10 (alculation of f;;55 and fy;

The calqulation of fjz5 for use in the determination of thelinitial equivalent misalignment, Fp,, In
ISO 6336-1:2019, 7.5.3.4 is performed in accordance with €SO 1328-1:2013 for flank tolerance class|5
with thelas required rounding applied.

4.2.11 Melix tolerance fy;55 and fy;; for double helical gears

When cqlculating the helix tolerance value fys and fy; for double helical gears, the facewidth of one
helix is used, i.e. bg.

4.2.12 (alculation of root diameter, d;

For all cqlculations presented within this document, the calculation of the root diameter, dj, is performgd
with the|generating profile shift - coefficient, x;, and not the nominal profile shift coefficient, x (see algo
4.2.16).

4.2.13 (alculationsfor internal gears

For all ¢alculations involving internal gears (example 6), the input data uses negative values for
diameteys as defined in the ISO 6336 series.

4.2.14 Reundingefvalues

The calculations within this document have been conducted with unrounded values. The values
documented in the table are rounded.

4.2.15 Deviations of values

Numeric calculations and different programming of calculation programs can lead to slight deviations
of the values when recalculating. The calculated values documented in this document were achieved by
different calculation programs. Deviations were accepted in a defined range, as the basic statement of
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the calculation remains. The range of acceptable deviations for the calculations in this document was
defined as the following:

— Absolute deviation: 0,01.
— Relative deviation: 0,5 %.

Values for the calculations were within the absolute and relative deviation range.

4.2.16 Nominal and generated values

The values were calculated with nominal values if not otherwise stated in this document (e:g! ||n 4.2.12)
of the corresponding standard (e.g. bending geometry according to ISO 6336-3:2019).

4/2.17 1S0 1328-1:2013

et

$0 1328-1:2013 was used for the calculation of the allowable values of deviations.

S

2.18 Values for reference only

Vhlues in the input table (e.g. nominal profile shift coefficient x) are-put in parenthesis when|they are
hlculated and for reference only.

()

o

.3 Example 1: Single helical case carburized gearpair

3]

br example 1, input values and output values are given in Tables 3 and 4, respectively.

Alfull calculation description is provided in AnnexAs

©1S0 2022 - All rights reserved 9
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Table 3 — Example 1 input values

Type Description Unit | Symbol | Pinion Wheel
Geometry |Number of teeth — z 17 103
Normal module mm m, 8,00
Normal pressure angle ° a, 20,00
Helix angle ° 15,80
Hand of helix — — Left Right
Facewidtir{totat) TITIIT b 166,60 166,60
Gap width mm — 0 Aﬂ']‘/
Edge chamfer mm — 0,00 A 6
Contact facewidth (total) mm b 100,
Centre distance mm a n\@'():bOO
Span measurement mm Wy W 307,943
Number of teeth spanned — ko, Q.VZ 13
Dimension between balls mm Md’K\\\ S —
Ball diameter mm K o~ — —
Nominal profile shift coefficient — s\ X (0,145) 0,000
Tip diameter mm< | d, 159,66 | 872,35
Basic rack dedendum coefficient QX) hep/my, 1,400 1,400
Tip chamfer , \\\n‘lm hg 0,00 0,00
Basic rack fillet root radius coefficient 0‘\ — Pep/My, 0,39 0,39
As cut basic rack undercut . \\S\v mm pr 0,00 0,00
Material allowance for finishing . 0.® mm q 0,00 0,00
Residual fillet undercut, s,. =pr—gq nA\v mm Spr 0,00 0,00
Pinion cutter number of teeth \L\V — Z — —
Pinion cutter profile shift (ref),.‘\\()‘ — X — —
Flank finishing process . — — As cut As cut
Root finishing process,\@ — — As cut As cut
Tip relief cyY pm C, 70 70
Rootrelief () < Hm G 0 0
Profile modiﬁi‘iit/-iz)n compensate for the deflections — — Yes
Tooth flan rection factor — f7ca based on 3D load
(auxiliﬂ?hctor, see ISO 6336-2:2019) distribution program
Qualitly Fla(@)ﬁ;rance class — A 5 5
mpitch tolerance according to ISO 1328-1:2013 pum Sor 8,5 9,0
“Iprofile form deviation according to ISO 1328-1:2013 | pum fn 9,5 9,5
—Hetix stopedeviatiomaccording to 1S6-1328-12613 T Tiz 8,0 5,6
Surface roughness - flank Ra (Rz) pum — 1,0 (6,0) | 1,0(6,0)
Surface roughness - fillet Ra (Rz) pum — 3,0 (18,0) | 3,0 (18,0)

10
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Type Description Unit | Symbol | Pinion Wheel
Material |Material — — Eh Eh
Material quality — — MQ MQ
Case hardness — — 60 HRC 60 HRC
Core hardness — — 30 HRC 30 HRC
Young’s modulus N/mm? E 206000 | 206000
Potssorsratio v 673 0,3
Yield/proof stress N/mm? | og/0,, — 0 " —
Material density kg/m3 p 7 83'l?>) 7 830
Shot peen — — a No
Limited pitting allowable — — J& "No No
Application |Application factor — KA&Q)') 1,00
Mesh load factor — lO(YV 1,00
Reverse bending — h’\\— No No
Favourable contact position —\O)\" No No
Helix modification (ISO 6336-1:2019, Table 12) r‘&\v — None (N¢. 1)
Dynamic factor, K, calculation method A{’( L — Method B
Foceload ditebution fctor Kyand K QM | — Method C
Number of meshes ‘\\)‘ — Ny 1 1
Gear blank type ,&\‘0 — — Solid Solid
Web thickness D - mm by — —
Inside diameter A‘\‘O mm — — —
Number of webs \O — — — —
Arrangement (1SO 6336;1(2‘6'19, Figure 13) — — a
Bearing span C)\\' mm l 125,00 —
Bearing span offsA%’ . mm s 0,00 —
External shaf‘t.@‘gﬁeter mm dg, 100,00 —
Internal s})_zil‘s.diameter mm dgpi 0,00 —
Equiva‘]@-&isalignment pum fsn As Formula (59
Me/s\l%\;alignment um fina As Formula (66
imum safety factor pitting — SH min 1,00
an\inimum safety factor tooth breakage — SF min 1,00
'\é Lubrication viscosity mm?2/s V40 320
Koid  |Torque kNm T, 9,000
C_) Speed min-! n, 360
Required life h — 50000
Life factor for contact stress, Zy, at 1010 cycles — — 0,85 0,85
Life factor for tooth root stress, Yy, at 1010 cycles — — 0,85 0,85
©1S0 2022 - All rights reserved 11
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Table 4 — Example 1 output values

Symbol Description Unit Pinion Gear
d Reference diameter mm 141,34 | 856,35
d, Tip diameter mm 159,66 | 872,35
dy, Base circle diameter mm 132,20 | 800,97
Xg Generating profile shift coefficient — 0,1178 | -0,027 5
d; Root diameter (based on xg) mm 120,82 833,52
de RUUL fUl IIT L‘lidlllCLCl (bdbcli OIl KE) ITITIT 132,25 839,0’\8
dye Start of active profile diameter mm 132,92 8}\5]‘;?
d, Working pitch diameter mm 141,67 | | ,'33
F, Nominal tangential load at the reference cylinder N kﬁ‘{\)SZ
Kron Transverse load factor (root stress) — O\Q)'I,OO
KFB—C Face load factor (root stress) — f(\bJ 1,13
Kya-B Transverse load factor (contact stress) — /Q.V 1,00
Kup.c Face load factor (contact stress) 7\'\ ) 1,16
K, 5 Dynamic factor \OJ—\J 1,00
Sp Tooth root breakage safety factor {}\\\_ 2,09 2,25

o
Su Pitting safety factor PR — 1,03 1,09
Vy Pitch line velocity Q\) m/s 2,67
Yg Rim thickness factor , \\\\ K — 1,00 1,00
Ypr Deep tooth factor 0‘\\/ — 1,00
Ye Tooth form factor . \\S\v — 1,26 1,07
Yy Life factor for reference test conditions (tooth 57?\ stress) — 0,89 0,92
Yy Life factor (tooth root stress) AQ\V — 0,89 0,92
YRrelT Relative surface factor N N\ — 0,96 0,96
Y Stress correction factor R ‘\C)v — 1,79 2,05
Yor Stress correction factor for refeye‘ﬁ.ég gears — 2,00
Yy Size factor N\ — 097 | 097
YB Helix angle factor {-Q\ — 0,97
Ysrer Relative notch sensit?viﬁ'factor — 0,99 | 1,00
Zy Single pair toothﬁe@;& factor, pinion — 1,00
Zg Helix angle fagtq‘gf)itting) — 1,02
Zy Single pai(@o% contact factor, wheel — 1,00
Zr Elasti&@gctor m 189,81
Z, CQQQB\'E ratio factor — 0,80
Zy %fe factor — 2,40
7, Lubricant factor — 1,05 1,05
Zyt Life factor for reference test conditions (contact stress) — 0,91 0,96
Zy Life factor (contact stress) — 0,91 0,96
Zy Roughness factor — 0,97 0,97
Z, Velocity factor — 0,97 0,97
Zyy Work hardening factor — 1,00 1,00
Zy Size factor — 1,00 1,00
&y Transverse contact ratio — 1,55
&g Overlap ratio — 1,08
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Table 4 (continued)
Symbol Description Unit Pinion Gear

£ Total contact ratio — 2,63

Opg Nominal tooth root stress N/mm? 350 339

o Tooth root stress N/mm? 395 382

OF lim Limiting tooth root stress N/mm? 500 500

Opp Permissible tooth root stress N/mm? 824 860

T Contactstress NA +299 1299

dH lim Limiting contact stress N/mm? 1500 1500

dHo Nominal contact stress N/mm? 1207

dyp Permissible contact stress N/mm? 1338 1415

Iptermediate calculation values

H,_p intermediate calculation values

d. Mean value of mesh stiffness per unit facewidth (used for K, p, N/4mm-pm) 17,b
Kyap Krap)

d Maximum tooth stiffness per unit facewidth (single stiffness) of- \|_N/(mm-pm) 124
a tooth pair

Myeq Reduced gear pair mass per unit facewidth referenced to,the)line kg/mm 0,067
of action

N Resonance ratio — 0,0¢

Hyp.c intermediate calculation values

g Mean value of mesh stiffness per unit facewidth (used for Kyz.c, | N/(mm-pm) 14,B
Krp.c)

flho Shaft deformation under specific load pm 0,012

Hpx Initial equivalent misalignment (before pum 316
running-in)

Hg, Effective equivalent misalignment (after pum 26,0
running-in)

W, Running-in allowance for a'gear pair for the calculation of Ky, pum 0,336
(calculated with 50 % of max(f,, fi,))

s Running-in allowance (equivalent pum 4,7
misalignment)

b Transversedbase pitch deviation pum 8,4

figs Toleranc¢e on helix slope deviation for flank tolerance class 5 pum 9,(

fl Component of equivalent misalignment due to deformations of pum 14,7
pinioh and wheel shafts

s Mesh misalignment due to manufacturing deviations pm 12,0

Auxjliary values

flcx Tooth flank correction factor — 1,0p
(auxiliary factor, see ISO 6336-2:2019)

fe Load distribution influence factor — 0,78

© IS0 2022 - All rights reserved
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4.4 Example 2: Single helical through-hardened gear pair

For example 2, input values are given in Tables 5 and 6.

Table 5 — Example 2 input values

Type Description Unit | Symbol | Pinion Wheel
Geometry |Number of teeth — z 17 103
Normal module mm m, 8,00
Normal pressure angle ° a, 20,00 a
Helix angle ° 15,80 (\(1/
Hand of helix — — Left ~‘j¥d\'g’ht
Facewidth (total) mm b 100,00 75100,00
Gap width mm — Jnie) —
Edge chamfer mm — @@0 0,00
Contact facewidth (total) mm bt Q‘ 100,00
Centre distance mm am\ 500,000
Span measurement mm i @v 38,196 307943
Number of teeth spanned — 6\ k 2 13
Dimension between balls m@'\Y Mgk — —
Ball diameter N m Dy — —
Nominal profile shift coefficient k‘b\\ — X (0,145) 0,000
Tip diameter \,\Q mm d, 159,66 872,35
Basic rack dedendum coefficient k\Q‘ — hep/my 1,250 1,250
Tip chamfer O mm hy 0,00 0,00
Basic rack fillet root radius coefficient -, ) — Pep/ My, 0,39 0,39
As cut basic rack undercut N;\'v mm pr 0,00 0,00
Material allowance for finishil}g:\\v‘ mm q 0,00 0,00
Residual fillet undercut, Spr c},%_ q mm Spr 0,00 0,00
Pinion cutter number qﬁ@gh — Z — —
Pinion cutter profile(s:hh\'ﬁ (ref) — X — —
Flank finishing pr« ss — — As cut As cut
Root finishil@r"gcess — — As cut As cut
Tip reliebp' pum C, 70 70
Root,r\&'?f pm (o 0 0
PQWmodification compensate for the deflections — — No
AT6oth flank correction factor — frca No modification
| fauxiliary factor, see SO 6336-2:2019)

Quality  |Flank tolerance class — A 8 6
Single pitch tolerance according to 1SO 1328-1:2013 pm for 24,0 13,0
Profile form deviation according to ISO 1328-1:2013 pum Sea 27,0 13,0
Helix slope deviation according to ISO 1328-1:2013 pum fup 23,0 13,0
Surface roughness - flank Ra (Rz) pum — 3,0 (18,0) | 3,0 (18,0)
Surface roughness - fillet Ra (Rz) pum — 3,0 (18,0) | 3,0 (18,0)
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Table 5 (continued)
Type Description Unit | Symbol | Pinion Wheel
Material |Material — — V (alloy V (alloy
steel) steel)
Material quality — — MQ MQ
Case hardness — — 310 HV 260 HV
Core hardness — — — —
Young’s modulus N/mm? E 206 000 | 206000
Poisson’s ratio — v 0,3 n"]/ 0,3
Yield/proof stress N/mm? 05/0¢ 2 SOO‘fQV 500,0
Material density kg/m3 p J@({ 7 830
Shot peen — — G\;:No No
Limited pitting allowable — —‘_()g’)v No No
Application |Application factor — /E;A\Qv 1,00
Mesh load factor — &KK}, 1,00
Reverse bending —~\ ) — No No
Favourable contact position k&‘j — No No
Helix modification (ISO 6336-1:2019, Table 12) O — None (N¢. 1)
Dynamic factor, K, calculation method AQ — — Method B
Face loaq distribution factor, KHﬂ and KFB' \\\< — — Method C
calculation method )
Number of meshes W — Ny 1 1
Gear blank type \A\'\ — — Solid Solid
Web thickness ‘\Q)\ mm b — —
Inside diameter »0\\ mm — — —
Number of webs ﬁ\j?\' — — — —
Arrangement (1SO 63%65.‘1?2)019, Figure 13) — — a
Bearing span L .V mm l 125,00 —
Bearing span ofi@? mm s 0,00 —
External shaft diameter mm dg, 100,00 —
Internal.s‘@t' diameter mm dgi 0,00 —
Equi@}:’n}t misalignment pum Sfsn 15,0
M@ﬁisalignment pum Sfma 5,0
V%imum safety factor pitting — SH min 1,00
é@ Minimum safety factor tooth breakage — SF min 1,00
,(?‘ Lubrication viscosity mm?/s V40 320
ad Torque kNm T; 1,000
Speed min? ny 360,0
Required life h — 100 00
Life factor for contact stress, Yy, at 1010 cycles — — 0,85 0,85
Life factor for tooth root stress, Yy, at 1010 cycles — — 0,85 0,85

© IS0 2022 - All rights reserved
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Table 6 — Example 2 output values

Symbol Description Unit Pinion Gear
d Reference diameter mm 141,34 | 856,35
d, Tip diameter mm 159,66 | 872,35
dy, Base circle diameter mm 132,20 | 800,97
Xg Generating profile shift coefficient — 0,1178 | -0,027 5
d; Root diameter (based on xg) mm 123,22 835,92
de RUUL fUl IIT L‘lidlllCLCl (bdbcd OIl KE) ITITIT 132,01 841,;\3
dye Start of active profile diameter mm 132,92 8}\5]‘;?
d, Working pitch diameter mm 141,67 | | ,'33
F, Nominal tangential load at the reference cylinder N 0
Kron Transverse load factor (root stress) — O\Q)'I,SB
KFB—C Face load factor (root stress) — f(\bJ 1,61
Kya-B Transverse load factor (contact stress) — /Q.V 1,58
Kup.c Face load factor (contact stress) 7\'\ ) 1,78
K, 5 Dynamic factor \OJ—\J 1,04
Sp Tooth root breakage safety factor {}\\\_ 5,57 5,42

o
Su Pitting safety factor PR — 0,80 0,79
Vy Pitch line velocity Q\) m/s 2,67
Yg Rim thickness factor , \\\\ K — 1,00 1,00
Ypr Deep tooth factor 0‘\\/ — 1,00
Ye Tooth form factor . \\S\v — 1,11 1,02
Yy Life factor for reference test conditions (tooth 57?\ stress) — 0,92 0,95
Yy Life factor (tooth root stress) AQ\V — 0,92 0,95
YRrelT Relative surface factor N N\ — 0,96 0,96
Y Stress correction factor R ‘\C)v — 1,93 2,12
Yor Stress correction factor for refeye‘ﬁ.ég gears — 2,00
Yy Size factor N — 098 | 098
YB Helix angle factor {-Q\ — 0,97
Ysrer Relative notch sensit?viﬁ'factor — 0,98 | 1,00
Zy Single pair toothﬁe@;& factor, pinion — 1,10
Zg Helix angle fagtq‘gf)itting) — 1,02
Zy Single pai(@o% contact factor, wheel — 1,10
Zr Elasti&@gctor m 189,81
Z, CQQQB\'E ratio factor — 0,80
Zy %fe factor — 2,40
7, Lubricant factor — 1,09 1,08
Zyt Life factor for reference test conditions (contact stress) — 0,96 1,03
Zy Life factor (contact stress) — 0,96 1,04
Zy Roughness factor — 0,79 0,80
Z, Velocity factor — 0,93 0,94
Zyy Work hardening factor — 1,00 1,00
Zy Size factor — 1,00 1,00
&y Transverse contact ratio — 1,55
&g Overlap ratio — 1,08
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Table 6 (continued)
Symbol Description Unit Pinion Gear

£ Total contact ratio — 2,63

Opg Nominal tooth root stress N/mm? 37 37

o Tooth root stress N/mm? 98 99

OF lim Limiting tooth root stress N/mm? 319 298

Opp Permissible tooth root stress N/mm? 544 535

T Contaetstress NATRY Fo4 754

dH lim Limiting contact stress N/mm? 780 714

dHo Nominal contact stress N/mm? 40p

dyp Permissible contact stress N/mm? 603 600

Iptermediate calculation values

H,_p intermediate calculation values

d. Mean value of mesh stiffness per unit facewidth (used for K, p, N/4mm-pm) 18,p
Kyap Krap)

d Maximum tooth stiffness per unit facewidth (single stiffness) of- | _N/(mm-um) 13,4
a tooth pair

Myeq Reduced gear pair mass per unit facewidth referenced to,the)line kg/mm 0,069
of action

N Resonance ratio — 0,0¢

Hyp.c intermediate calculation values

g Mean value of mesh stiffness per unit facewidth (used for Kz, | N/(mm-pm) 16,11
Krp.c)

flho Shaft deformation under specific load pm 0,102

Hpx Initial equivalent misalignment (before pum 250
running-in)

Hg, Effective equivalent misalignment (after pum 14,p
running-in)

W, Running-in allowance for a'gear pair pum 5,793
(calculated with max(f, f¢,))

s Running-in allowance (equivalent pum 10,7
misalignment)

b Transversedbase pitch deviation pum 22,4

figs Toleranc¢e on helix slope deviation for flank tolerance class 5 pum 9,(

fl Component of equivalent misalignment due to deformations of pum 15,0
pinioh and wheel shafts

s Mesh misalignment due to manufacturing deviations pm 5,

Auxjliary values

flcx Tooth flank correction factor — 1,2
(auxiliary factor, see ISO 6336-2:2019)

fe Load distribution influence factor — 0,78
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4.5 Example 3: Spur through-hardened gear pair

For example 3, input values and output values are given in Tables 7 and 8, respectively.

Table 7 — Example 3 input values

Type Description Unit Symbol Pinion Wheel

Geometry |Number of teeth — z 17 108
Normal module mm my, 8,00
Normal pressure angle ° a, 20,00 a
Helix angle ° B 0,00 (\(1/
Hand of helix — — Left _Right
Facewidth (total) mm b 100,00 ?j‘d0,00
Gap width mm — 0,00 2 0,00
Edge chamfer mm — 0,00 (63 0,00
Contact facewidth (total) mm b ,(Q‘ 100,00
Centre distance mm a N\ 500,000
Span measurement mm Wi \0,3‘3:7,728 283,000
Number of teeth spanned — k o 2 12
Dimension between balls mm Ma(‘{ — —
Ball diameter mm | Qb,\/,[ — —
Nominal profile shift coefficient — ¢ VX 0,100 (-0,100)
Tip diameter IQ;@ d, 153,60 878,40
Basic rack dedendum coefficient .;\Q‘ hep/my, 1,250 1,250
Tip chamfer & mm hy 0,00 0,00
Basic rack fillet root radius coefficient ~ — Pep/ My, 0,45 0,40
As cut basic rack undercut N;\'v mm pr 0,000 0,000
Material allowance for finishipg:\\v‘ mm q 0,000 0,000
Residual fillet undercut, Spr «;ﬁ -q mm Spr 0,000 0,000
Pinion cutter number ((f'&zh — Z — —
Pinion cutter profile(szlj\iﬁ (ref) — Xy — —
Flank finishing(p,\l(o)éss — — As cut As cut
Root finishlr@r’écess — — As cut As cut
Tip reliej)S)' pm C, 70 70
RootfR&réf pm Ce 0 0
@é.modification compensate for the — — No

ections
O_) ooth flank correction factor — frca —

{auxitiary factor, see1S06336-272019)

Quality |Flank tolerance class — A 8 6
Single pitch tolerance according pum for 24,0 13,0
to ISO 1328-1:2013
Profile form deviation according pm Sea 27,0 13,0
to ISO 1328-1:2013
Helix slope deviation according pm fup 23,0 13,0
to ISO 1328-1:2013
Surface roughness - flank Ra (Rz) pum — 3,0 (18,0) 3,0 (18,0)
Surface roughness - fillet Ra (Rz) pm — 3,0 (18,0) 3,0 (18,0)
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Table 7 (continued)
Type Description Unit Symbol Pinion Wheel
Material |Material — — V (alloy steel) | V (alloy steel)
Material quality — — MQ MQ
Case hardness — — 310 HV 260 HV
Core hardness — — — —
Young’s modulus N/mm? E 206 000 206 000
Potssorrstatio Y 63 —0.3
Yield/proof stress N/mm? 05/0¢ 2 500,0 Aq‘JBDO,O
Material density kg/m3 p 7 830 ’(>)' 71830
Shot peen — — No 0\6 T No
Limited pitting allowable — — N‘Q_)'J No
Application |Application factor — K c:b‘) 1,000
Mesh load factor — Ky ,O_V 1,00
Reverse bending — —Af\\ No No
Favourable contact position — \6)\) No No
Helix modification (ISO 6336-1:2019, — ‘\lv None (No. 1)
Table 12) Zl S
Dynamic factor, K, calculation method 70" — Method B
Face loaq distribution factor, KHﬁ and KF/?' \€< — Method C
calculation method )
Number of meshes @ — Ny 1 1
Gear blank type \A\'\ — — Solid Solid
Web thickness ‘\Q)\ mm by — —
Inside diameter »0\\ mm — — —
Number of webs ﬁ\j?\' — — — —
Arrangement (I1SO 63@.}9\2019, Fig- — — a
ure 13) .
Bearing span ,\® ) mm | 100,0 —
Bearing sparro(fﬁgét mm N 0,00 —
External @ﬁ/diameter mm dgp, 100,00 —
Inter,n&i@l'aft diameter mm dgpi 0,00 —
E‘g@ﬂent misalignment pm Ssn As Formula (59)
ge‘s‘fl misalignment pum Sina As Formula (66)
Q Minimum safety factor pitting — SH min 1,00
&?§ Minimum safety factor tooth breakage — SE min 1,00
G Lubrication viscosity mm?/s Vao 320
Load Torque kNm Ty 1,000
Speed minl ny 360,0
Required life h — 10 000
Life factor for contact stress, Zy, at — — 0,85 0,85
1010 cycles
Life factor for tooth root stress, Yy, at — — 0,85 0,85
1010 cycles
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Table 8 — Example 3 output values

Symbol Description Unit Pinion Gear
d Reference diameter mm 136,00 864,00
d, Tip diameter mm 153,60 | 878,40
dy, Base circle diameter mm 127,80 811,89
Xg Generating profile shift coefficient — 0,0727 | -0,127 3
d; Root diameter (based on xg) mm 117,16 841,96
de RUUL fUl IIT didlllCLCl (bdbCL‘l OIl KE) ITITIT 127,91 8"‘1‘7,;).\9
dye Start of active profile diameter mm 127,98 | 851 ,‘/11!
d, Working pitch diameter mm 136,00 ﬂ}é,'()o
F, Nominal tangential load at the reference cylinder N t@6
Kron Transverse load factor (root stress) — O\Q)'I,ZB
Krp.c Face load factor (root stress) — f(\bJ 1,71
Kya-B Transverse load factor (contact stress) — /Q.V 1,23
Kup.c Face load factor (contact stress) 7\'\ ) 1,92
K, 5 Dynamic factor \OJ—\J 1,05
Sp Tooth root breakage safety factor {}\\\_ 491 4,80

o
Su Pitting safety factor PR — 0,75 0,82
v Pitch line velocity Q\) m/s 2,56
Yg Rim thickness factor , \\\\ K — 1,00 1,00
Ypr Deep tooth factor 0‘\\/ — 1,00
Ye Tooth form factor . \\S\v — 1,50 1,33
Yy Life factor for reference test conditions (tooth 57?\ stress) — 0,92 0,95

Yy Life factor (tooth root stress) AQ\V — 0,92 0,95
YRrelT Relative surface factor N N\ — 0,96 0,96
Y Stress correction factor R ‘\C)v — 1,82 2,06
Yor Stress correction factor for refeye‘ﬁ.ég gears — 2,00
Yy Size factor N — 098 | 098
YB Helix angle factor {-Q\ — 1,00
Ysrer Relative notch sensit?viﬁ'factor — 0,98 | 0,99
Zy Single pair toothﬁe@;& factor, pinion — 1,09
Zg Helix angle fagtq‘gf)itting) — 1,00
Zy Single pai(@o% contact factor, wheel — 1,00
Zr Elasti&@gctor m 189,81
Z, CQQQB\'E ratio factor — 0,88
Zy %fe factor — 2,49
A Lubricant factor — 1,09 1,08
Zyt Life factor for reference test conditions (contact stress) — 0,96 1,03
Zy Life factor (contact stress) — 0,96 1,04
Zy Roughness factor — 0,79 0,80
Z, Velocity factor — 0,93 0,94
Zyy Work hardening factor — 1,00 1,00
Zy Size factor — 1,00 1,00
&, Transverse contact ratio — 1,66
&g Overlap ratio — 0,00
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Table 8 (continued)
Symbol Description Unit Pinion Gear

£ Total contact ratio — 1,66

Opg Nominal tooth root stress N/mm? 50 50

Op Tooth root stress N/mm? 110 111

OF lim Limiting tooth root stress N/mm? 319 298

Opp Permissible tooth root stress N/mm? 540 533

T Contactstress NA 862 735

dH lim Limiting contact stress N/mm? 780 714

dHo Nominal contact stress N/mm? 468

dyp Permissible contact stress N/mm? 600 599

Iptermediate calculation values

H,_p intermediate calculation values

d. Mean value of mesh stiffness per unit facewidth (used for K, p, N/4mm-pm) 20,1
Kyap Krap)

d Maximum tooth stiffness per unit facewidth (single stiffness) of- \|_N/(mm-pm) 13,
a tooth pair

Myeq Reduced gear pair mass per unit facewidth referenced to,the)line kg/mm 0,062
of action

N Resonance ratio — 0,0¢

Hyp.c intermediate calculation values

g Mean value of mesh stiffness per unit facewidth N/(mm-pm) 17,1
(used for Kys.¢, Kpp.c)

flho Shaft deformation under specific load pm 0,012

Hpx Initial equivalent misalignment (before pum 29,0
running-in)

Hg, Effective equivalent misalignment (after pum 16,p
running-in)

W, Running-in allowance for a'gear pair pum 5,793
(calculated with max(f, f¢,))

s Running-in allowance (equivalent pum 124
misalignment)

b Transversedbase pitch deviation pum 22,6

s Toleranc¢e dn helix slope deviation for pum 9,(
flankstelerance class 5

/i Component of equivalent misalignment due to pum 19
deformations of pinion and wheel shafts

fha Mesh misalignment due to manufacturing deviations pm 26,4

Auxiliary values

frca Tooth flank correction factor — —
(auxiliary factor, see ISO 6336-2:2019)

/- Load distribution influence factor — 1,00
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4.6 Example 4: Spur case carburized gear pair

For example 4, input values and output values are given in Tables 9 and 10, respectively.

Table 9 — Example 4 input values

Type Description Unit | Symbol | Pinion Wheel
Geometry |Number of teeth — z 17 108
Normal module mm m, 8,00
Normal pressure angle ° a, 20,00 a
Helix angle ° 0,00 (\(1/
Hand of helix — — Left ~‘j¥d\'g’ht
Facewidth (total) mm b 100,00 75100,00
Gap width mm — 0,000 | 0,00
Edge chamfer mm — @@0 0,00
Contact facewidth (total) mm bt Q‘ 100,00
Centre distance mm am\ 500,000
Span measurement mm i @v 37,728 283,000
Number of teeth spanned — 6\ k 2 12
Dimension between balls m@'\Y Mgk — —
Ball diameter N m Dy — —
Nominal profile shift coefficient k‘b\\ — X 0,100 (-0,100)
Tip diameter \,\Q mm d, 154,60 878,40
Basic rack dedendum coefficient k\Q‘ — hep/my 1,400 1,400
Tip chamfer O mm hy 0,00 0,00
Basic rack fillet root radius coefficient -, ) — Pep/ My, 0,39 0,39
As cut basic rack undercut N;\'v mm pr 0,000 0,000
Material allowance for finishil}g:\\v‘ mm q 0,000 0,000
Residual fillet undercut, sy =pr—q mm Spr 0,000 0,000
Pinion cutter number qﬁ@gh — Z — —
Pinion cutter profile(s:hh\'ﬁ (ref) — X — —
Flank finishing pr« ss — — As cut As cut
Root finishil@r"gcess — — As cut As cut
Tip reliebp' pum C, 70 70
Root,r\&'?f pm (o 0 0
PQWmodification compensate for the deflections — — Yes
T66th flank correction factor — frca —
| fauxiliary factor, see SO 6336-2:2019
Quality  |Flank tolerance class — A 5 5
Single pitch tolerance according to 1SO 1328-1:2013 pm for 8,5 9,0
Profile form deviation according to ISO 1328-1:2013 pum Sea 9,5 9,5
Helix slope deviation according to ISO 1328-1:2013 pum fup 8,0 9,0
Surface roughness - flank Ra (Rz) pum — 1,0 (6,0) | 1,0 (6,0)
Surface roughness - fillet Ra (Rz) pum 3,0 (18,0) | 3,0 (18,0)
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Table 9 (continued)
Type Description Unit | Symbol | Pinion Wheel
Material |Material — — Eh Eh
Material quality — — MQ MQ
Case hardness — — 60 HRC 60 HRC
Core hardness — — 30 HRC 30 HRC
Young’s modulus N/mm? E 206000 | 206000
Potssorsratio v 673 0,3
Yield/proof stress N/mm? | og/0,, — 0 " —
Material density kg/m3 p 7 83'l?>) 7 830
Shot peen — — a No
Limited pitting allowable — — J& "No No
Application |Application factor — KA&Q)' 1,004
Mesh load factor — lO(YV 1,00
Reverse bending — h’\\— No No
Favourable contact position —\O)\" — No No
Helix modification (ISO 6336-1:2019, Table 12) r‘&\v — None (N¢. 1)
Dynamic factor, K, calculation method A{’( L — Method B
Face loaq distribution factor, Ky;g and Kgp, Q\) — — Method C
calculation method N\
Number of meshes ‘\\)‘ — Ny 1 1
Gear blank type ,&\‘0 — — Solid Solid
Web thickness D - mm by — —
Inside diameter A‘\‘O mm — — —
Number of webs \O — — — —
Arrangement (1SO 6336;1(2‘6'19, Figure 13) — — a
Bearing span C)\\' mm l 100,0 —
Bearing span offsA%’ . mm s 0,00 —
External shaf‘t.@‘gﬁeter mm dg, 100,00 —
Internal s})_zil‘s.diameter mm dgpi 0,00 —
Equiva‘]@-&isalignment pum fsn As Formula (59
Me/s\l%\;alignment um fina As Formula (66
imum safety factor pitting — SH min 1,00
an\inimum safety factor tooth breakage — SF min 1,00
'\é Lubrication viscosity mm?2/s V40 320
Koid  |Torque kNm T, 9,000
C_) Speed min-! n, 360
Required life h — 50000
Life factor for contact stress, Zy, at 1010 cycles — — 0,85 0,85
Life factor for tooth root stress, Yy, at 1010 cycles — — 0,85 0,85
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Table 10 — Example 4 output values

Symbol Description Unit Pinion Gear
d Reference diameter mm 136,00 864,00
d, Tip diameter mm 154,60 | 878,40
dy, Base circle diameter mm 127,80 811,89
Xg Generating profile shift coefficient — 0,0727 | -0,127 3
d; Root diameter (based on xg) mm 114,76 839,56
de RUUL fUl II1 didlllCLCl (bdbCL‘l OlIl1 KE) IIITIT 127,81 8"‘1‘5,’5\2
dye Start of active profile diameter mm 12798 8§\ ,‘/b
d, Working pitch diameter mm 136,00 ﬂ}é,'()o
F, Nominal tangential load at the reference cylinder N @53
Kron Transverse load factor (root stress) — O\Q)'I,OO
KFB—C Face load factor (root stress) — f(\bJ 1,14
Kya-B Transverse load factor (contact stress) — /Q.V 1,00
Kup.c Face load factor (contact stress) 7\'\ ) 1,18
K, 5 Dynamic factor \OJ—\J 1,00
Sp Tooth root breakage safety factor {}\\\_ 1,43 1,66

o
Su Pitting safety factor PR — 0,83 0,93
Vy Pitch line velocity Q\) m/s 2,56
Yg Rim thickness factor , \\\\ K — 1,00 1,00
Ypr Deep tooth factor 0‘\\/ — 1,00
Ye Tooth form factor . \\S\v — 1,77 1,36
Yy Life factor for reference test conditions (tooth 57?\ stress) — 0,89 0,92

Yy Life factor (tooth root stress) AQ\V — 0,89 0,92
YRrelT Relative surface factor N N\ — 0,96 0,96
Y Stress correction factor R ‘\C)v — 1,72 2,01
Yor Stress correction factor for refeye‘ﬁ.ég gears — 2,00
Yy Size factor N\ — 097 | 097
YB Helix angle factor {-Q\ — 1,00
Ysrer Relative notch sensit?viﬁ'factor — 0,99 | 1,00
Zy Single pair toothﬁe@;& factor, pinion — 1,07
Zg Helix angle fagtq‘gf)itting) — 1,00
Zy Single pai(@o% contact factor, wheel — 1,00
Zr Elasti&@gctor m 189,81
Z, CQQQB\'E ratio factor — 0,88
Zy %fe factor — 2,49
7, Lubricant factor — 1,05 1,05
Zyt Life factor for test reference conditions (contact stress) — 0,91 0,96
Zy Life factor (contact stress) — 0,91 0,96
Zy Roughness factor — 0,96 0,96
Z, Velocity factor — 0,97 0,97
Zyy Work hardening factor — 1,00 1,00
Zy Size factor — 1,00 1,00
&, Transverse contact ratio — 1,70
&g Overlap ratio — 0,00
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Table 10 (continued)
Symbol Description Unit Pinion Gear

£ Total contact ratio — 1,70

Opg Nominal tooth root stress N/mm? 502 452

Op Tooth root stress N/mm? 574 518

OF lim Limiting tooth root stress N/mm? 500 500

Opp Permissible tooth root stress N/mm? 823 860

T Contactstress NA +617 1512

dH lim Limiting contact stress N/mm? 1500 1500

dHo Nominal contact stress N/mm? 1392

dyp Permissible contact stress N/mm? D335 1412

Iptermediate calculation values

H,_p intermediate calculation values

d. Mean value of mesh stiffness per unit facewidth (used for K, p, N/4mm-pm) 18,p
Kyia-p Kra-B)

d Maximum tooth stiffness per unit facewidth (single stiffness) of- | _N/(mm-um) 124
a tooth pair

Myeq Reduced gear pair mass per unit facewidth referenced to,the)line kg/mm 0,061
of action

N Resonance ratio — 0,0¢

Hyp.c intermediate calculation values

g Mean value of mesh stiffness per unit facewidth (used for Kz, | N/(mm-pm) 16,11
Krp.c)

flho Shaft deformation under specific load pm 0,012

Hpx Initial equivalent misalignment (before pum 34,0
running-in)

Hg, Effective equivalent misalignment (after pum 28,
running-in)

W, Running-in allowance for a'gear pair for the calculation of K, pum 0,336
(calculated with 50 % of max(f,, fi,))

s Running-in allowance (equivalent pum 5,]
misalignment)

b Transversedbase pitch deviation pum 8,1

figs Toleranc¢e on helix slope deviation for flank tolerance class 5 pum 9,(

fl Component of equivalent misalignment due to deformations of pum 16,
pinioh and wheel shafts

s Mesh misalignment due to manufacturing deviations pm 12,0

Auxjliary values

flcx Tooth flank correction factor — —
(auxiliary factor, see ISO 6336-2:2019)

fe Load distribution influence factor — 1,00
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4.7 Example 5: Spur gear pair with an induction hardened pinion and through-
hardened cast gear

For example 5, input values and output values are given in Tables 11 and 12, respectively.

Table 11 — Example 5 input values

Type Description Unit | Symbol | Pinion Wheel

Geometry |Number of teeth — z 27 192
Normal module mm m, 32,00
Normal pressure angle ° a, 20,00
Helix angle ° 0,00
Hand of helix — — — —
Facewidth (total) mm b 500,00 500,00
Gap width mm — 0,00 0,00
Edge chamfer mm — 0,00 0,00
Contact facewidth (total) mm begr 500,00
Centre distance mm da 3 504,000
Span measurement mm Wi 247,771 | 2 022,144
Number of teeth spanned — k 3 21
Dimension between balls fnt Mgk — —
Ball diameter mm Dy — —
Nominal profile shift coefficient — X 0,000 (0,000)
Tip diameter mm d, 928,00 6 208,00
Basic rack dedendum coefficient — hep/my 1,250 1,250
Tip chamfer mm hyg 0,00 0,00
Basic rack fillet root radius coefficient — Pep/ My, 0,39 0,39
As cut basic rack undercut mm pr 0,000 0,000
Material allowance for finishing mm q 0,000 0,000
Residual fillet undercut, Sp'= pr—q mm Spr 0,000 0,000
Pinion cutter numbef of teeth — Z — —
Pinion cutter profile shift (ref) — Xy — —
Flank finishing'process — — As cut As cut
Root finighing process — — As cut As cut
Tip relief. um C, 0 0
Rootrelief pm G 0 0
Profile modification compensate for the deflections — — No
Tooth flank correction factor — frca —
(auxiliary factor, see ISO 6336-2:2019)

Quality |Flank tolerance class — A 6 9
Single pitch tolerance according to ISO 1328-1:2013 pum for 26,0 96,0
Profile form deviation according to ISO 1328-1:2013 um Sa 32,0 90,0
Helix slope deviation according to ISO 1328-1:2013 pum Sup 19,0 63,0
Surface roughness - flank Ra (Rz) pm — 2,5(15,0) | 3,0 (18,0)
Surface roughness - fillet Ra (Rz) pum — 3,0 (18,0) | 3,0 (18,0)
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Type Description Unit | Symbol | Pinion Wheel
Material |Material — — IF St (cast)
Material quality — — ML MQ
Case hardness — — 550 HV | 200 HBW
Core hardness — — 166 HV
Young’s modulus N/mm? E 206000 | 202000
Potssotrsratio Y 6,3 0,3
Yield/proof stress N/mm? | og/0, X ,b 400,0
Material density kg/m3 p 7 83’q>) 7 830
Shot peen — — a No
Limited pitting allowable — — nQ)'JNo No
Application |Application factor — KA(AQ) - 1,00
Mesh load factor — lO(YV 1,00
Reverse bending — ﬁ:\‘— No No
Favourable contact position —\O)\') — No No
Helix modification (ISO 6336-1:2019, Table 12) r‘&\v — None (Ng. 1)
Dynamic factor, K,, calculation method A<'( i — Method B
Face loaq distribution factor, Kyz and Kgp, Q — — Method C
calculation method N\
Number of meshes ‘\\)‘ — Ny 1 1
Gear blank type ,&\‘0 — — Solid Solid
Web thickness D - mm b — —
Inside diameter A‘\‘O mm — — —
Number of webs \O — — — —
Arrangement (ISO 6336;1-(2#'19, Figure 13) — — a
Bearing span C)\\' mm l 1 000,00 —
Bearing span offsAeQ\’ . mm s 0,00 —
External shafﬁ@ﬁeter mm dg, 400,00 —
Internal s})_al{&diameter mm dgpi 0,00 —
Equiv;{]@:}fhisalignment pum fsn As Formula (59
Me;\l@}svalignment Hm fina As Formulg (66
imum safety factor pitting — SH min 1,00
Wf\inimum safety factor tooth breakage — SF min 1,00
'\é Lubrication viscosity mm?2/s Va0 160
Koad  |Torque kNm T, 120,000
C_) Speed min-! n, 200
Required life h — 25000
Life factor for contact stress, Zy, at 1010 cycles — — 0,85 0,85
Life factor for tooth root stress, Yy, at 1019 cycles — — 0,85 0,85
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Table 12 — Example 5 output values

Symbol Description Unit Pinion Gear
d Reference diameter mm 864,00 | 6144,00
d, Tip diameter mm 928,00 | 6208,00
dy, Base circle diameter mm 811,89 | 5773,47
Xg Generating profile shift coefficient — -0,0229 | -0,0229
d; Root diameter (based on xg) mm 782,54 | 6 062,54
de RUUL fUl IIT clidlllCLCl (bdbCL‘l OIl KE) ITIIIT 818,70 O 081’,\5':
dye Start of active profile diameter mm 820,02 |6 9\9‘.1‘,/6{
d, Working pitch diameter mm 864,00 .6']1}1)4',0(
F, Nominal tangential load at the reference cylinder N 27@7’8
Kron Transverse load factor (root stress) — n\Q)’lTSS
Krp.c Face load factor (root stress) — CA N 1,39
Kya-B Transverse load factor (contact stress) — /Q.V 1,33
Kup.c Face load factor (contact stress) —f\\\ 1,47
K, g Dynamic factor \G:)V 1,26
Sp Tooth root breakage safety factor {.‘\\\— 3,27 1,85

A=
Su Pitting safety factor — 1,44 0,53
Vy Pitch line velocity m/s 9,05

Yg Rim thickness factor , \\\\ K — 1,00 1,00
Ypr Deep tooth factor O, v — 1,00
Ye Tooth form factor . \\S\v — 1,33 1,15
Yy Life factor for reference test conditions (tooth 57?\ stress) — 0,91 0,95
Yy Life factor (tooth root stress) AQ\V — 091 0,95
YRrelT Relative surface factor N N\ — 0,96 0,98
Y Stress correction factor R ‘\C)v — 1,94 2,30
Yor Stress correction factor for refeye‘ﬁ.ég gears — 2,00
Yy Size factor ’ — 080 | 085
YB Helix angle factor {-Q\ — 1,00
Ysrer Relative notch sensit?viﬁ'factor — 0,99 | 1,00
Zy Single pair toothﬁe@;& factor, pinion — 1,06
Zg Helix angle fagtq‘gf)itting) — 1,00
Zy Single pai(@o% contact factor, wheel — 1,00
Zr Elasti&@gctor m 188,88
Z, CQQQB\'E ratio factor — 0,86
Zy %fe factor — 2,49
7, Lubricant factor — 0,99 0,99
Zyt Life factor for reference test conditions (contact stress) — 0,95 1,01
Zy Life factor (contact stress) — 0,95 1,01
Zy Roughness factor — 0,88 0,88
Z, Velocity factor — 0,99 0,99
Zy Work hardening factor (only applicable for through hardened — 1,00 1,00

steel, not castiron)
Zy Size factor — 1,00 1,00
&, Transverse contact ratio — 1,77
&g Overlap ratio — 0,00
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Table 12 (continued)

Symbol Description Unit Pinion Gear
£ Total contact ratio — 1,77
Opg Nominal tooth root stress N/mm? 45 46
Op Tooth root stress N/mm? 104 107
OF lim Limiting tooth root stress N/mm? 244 125
Opp Permissible tooth root stress N/mm? 340 197
T Contaetstress NATTY 577 546
dH lim Limiting contact stress N/mm? 1009 328
HO Nominal contact stress N/mm? 3494
HP Permissible contact stress N/mm? 830 290

[.p intermediate calculation values

d
d
Ihtermediate calculation values
R
q

« Mean value of mesh stiffness per unit facewidth (used for K.z, | N/(mfim-pum) 22,4
KHoc—B' KFa—B)
d Maximum tooth stiffness per unit facewidth (single stiffness) of-|\N/(mm-pm) 14,7
a tooth pair
Myeq Reduced gear pair mass per unit facewidth referenced to,the kg/mm 2,45
line of action
N Resonance ratio — 0,19

Hyp.c intermediate calculation values

g Mean value of mesh stiffness per unit facewidth (used for Ky, | N/(mm-pm) 19,1
Krp.c)

flho Shaft deformation under specific load pm 0,008

Hpx Initial equivalent misalignment (before pum 73,(
running-in)

Hg, Effective equivalent misalignment (after pum 34,4
running-in)

W, Running-in allowance for a'gear pair pum 21,(
(calculated with max(f, f¢,))

s Running-in allowance (equivalent pum 38,4
misalignment)

b Transversedbase pitch deviation pm 90,2

figs Toleranc¢e on helix slope deviation for flank tolerance class 5 pum 16,

fl Component of equivalent misalignment due to deformations of pum 54
pinioh and wheel shafts

s Mesh misalignment due to manufacturing deviations pum 65,8

Auxjliary values

flcx Tooth flank correction factor — —
(auxiliary factor, see ISO 6336-2:2019)

fe Load distribution influence factor — 1,00
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4.8 Example 6: Spur internal through-hardened gear pair

For example 6, input values and output values are given in Tables 13 and 14, respectively.

Table 13 — Example 6 input values

Type Description Unit Symbol Pinion Wheel

Geometry |Number of teeth — z 15 -99
Normal module mm my, 12,00
Normal pressure angle ° a, 20,00 a
Helix angle ° 0,00 (\(1/
Hand of helix — — — =
Facewidth (total) mm b 125,00 9)\)125,00
Gap width mm — 0,000 | 0,00
Edge chamfer mm — @@0 0,00
Contact facewidth (total) mm b Q‘ 125,00
Centre distance mm a m\ -500,000
Span measurement mm i \@v 58,161 —
Number of teeth spanned — 6\ k 2 —
Dimension between balls mlg\(< Mgk — 1154,90(
Ball diameter R 7 Dy — 21,60
Nominal profile shift coefficient q N\ X (0,323) 0,000
Tip diameter L2 mm d, 211,75 | -1166,0(
Basic rack dedendum coefficient k\Q‘ — hep/my, 1,250 1,250
Tip chamfer il mm hy 0,00 0,00
Basic rack fillet root radius coefficient ~ — pep/ My, 0,39 —

As cut basic rack undercut N;\'v mm pr 0,000 0,000
Material allowance for finishir}.g:\\v‘ mm q 0,000 0,000
Residual fillet undercut, s,. = pr —q mm s, 0,000 0,000
pr p
Pinion cutter number qf@fh — Z — 20
Pinion cutter profile Q}l\f'{ (ref) — Xg — 0,00
Pinion cutter tipj\(aaiﬁs coefficient — Papo — 0,001
Flank finiskﬂ@"r/ocess — — As cut As cut
Root finigﬁiin%'process — — As cut As cut
Tip relfef pum C, 70 70
Rogtrelief pum G 0 0
A@G?ile modification compensate for the deflections — — No

O.J Tooth flank correction factor — frca —
(auxiliary factor, see ISO 6336-2:2019)

Quality Flank tolerance class — A 6 8
Single pitch tolerance according to ISO 1328-1:2013 pum Sor 14,0 31,0
Profile form deviation according to ISO 1328- um Sia 16,0 33,0
1:2013
Helix slope deviation according to ISO 1328-1:2013 pum fup 12,0 27,0
Surface roughness - flank Ra (Rz) pum — 1,0 (6,0) | 3,0(18,0)
Surface roughness - fillet Ra (Rz) pum — 3,0 (18,0) | 3,0(18,0)
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Type Description Unit Symbol Pinion Wheel
Material Material — — Vv \Y
Material quality — — MQ MQ
Case hardness various — 310 HV 260 HV
Core hardness various — — —
Young’s modulus N/mm? E 206000 | 206000
Potssorrsratio p 673 0,3
Yield/proof stress N/mm? | 04/0, 500,0 ) U 500,0
Material density kg/m3 P 7 83'l?>) 7 830
Shot peen — — a No
Limited pitting allowable — — & No No
Application |Application factor — KAﬂ\(b') 1,300
Mesh load factor — l@,,v 1,00
Reverse bending — ,\<\‘— No No
Favourable contact position — A\ & - No No
Helix modification (ISO 6336-1:2019, Table 12) A o~ — None (N¢. 1)
Dynamic factor, K, calculation method ,-Q = — Method B
Face loaq distribution factor, Kyz and Kgp, Q\) - — Method C
calculation method N\
Number of meshes ‘\\)‘ — Ny 1 1
Gear blank type ,&\‘0 — — Solid Solid
Web thickness D - mm b — —
Inside diameter A‘\‘O mm — — —
Number of webs \O — — — —
Arrangement (I1SO 6336-‘1'(2‘&19, Figure 13) — — a
Bearing span C)\\' mm l 200,0 —
Bearing span offsAeq\’ . mm s 0,00 —
External shaft @Eeter mm dg, 100,00 —
Internal s}}_a\fgd’iameter mm dgpi 0,00 —
Equiva‘lgz}r?lisalignment um Ssn As Formulj (59
Me;@ﬁglignment pm fina As Formulh (66
m%um safety factor pitting — SH min 1,00
[inimum safety factor tooth breakage — SE min 1,00
'\é Lubrication viscosity mm?2/s V40 320
1 oad&Y‘ Torque kNm T, 1,000
C_) Speed min-! n, 360,(
Required life h — 10 000
Life factor for contact stress, Zy, at 1010 cycles — — 0,85 0,85
Life factor for tooth root stress, Yy, at 1019 cycles — — 0,85 0,85
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Table 14 — Example 6 output values

Symbol Description Unit Pinion Gear
d Reference diameter mm 180,00 -1188,00
d, Tip diameter mm 211,75 -1166,00
dy, Base circle diameter mm 169,14 -1116,35
Xg Generating profile shift coefficient — 0,304 8 -0,018 2
d; Root diameter (based on xg) mm 157,31 -1218,44
de RUUL fUl 111 didlllt,'l,l:,'l (‘Udbb‘d UIl KE) TIITIT 109,00 _1 212,79
dye Start of active profile diameter mm 169,90 -1202,8 ‘/V
d, Working pitch diameter mm 178,57 -1 1.7'&37
F, Nominal tangential load at the reference N 11 111(5\) ’
cylinder e
—
Ko Transverse load factor (root stress) — ,_d,,ﬁ
Krp.c Face load factor (root stress) — ()_\01,89
Kia-B Transverse load factor (contact stress) — A\’\‘ 1,24
Kup.c Face load factor (contact stress) — G\Q\ 2,24
K, 5 Dynamic factor — s\\J 1,10
Sk Tooth root breakage safety factor — & (Y 7,40 5,66
Su Pitting safety factor 730\ 1,16 1,16
vy Pitch line velocity w/s 3,37
Yg Rim thickness factor - 1,00 1,00
Ypr Deep tooth factor 3 S 1,00
Ye Tooth form factor ,\$ - — 1,35 1,14
YN Life factor for reference test conditio@s‘o — 0,92 0,95
(tooth root stress) \Q
YN Life factor (tooth root stress) ,,\17 — 0,92 0,95
YRrelT Relative surface factor (‘}\V — 0,96 0,96
Y Stress correction factq{ N ,V — 2,04 3,42
Ysr Stress correction feeﬁ}\for reference gears — 2,00
Yy Size factor ()~ — 096 | 0,96
Yp Helix angle&@f — 1,00
YsrelT Relativegp}éﬁ sensitivity factor — 0,99 | 1,10
Zyg Singh@}'tooth contact factor, pinion — 1,01
Z e ‘an le factor (pittin — 1,00
Ji g g
Zy Vﬁ\rfgle pair tooth contact factor, wheel — 1,00
Zg (":Sv Elasticity factor ,N / mm? 189,81
Z J ral e 4 43 £ 4 FaAWaYal
£ wuulitdit 1 ativu 1aciul v,V
Zy Zone factor — 2,59
Z, Lubricant factor — 1,09 1,08
ZNT Life factor for reference test conditions (con- — 0,96 1,03
tact stress)
Zn Life factor (contact stress) — 0,96 1,04
Zp Roughness factor — 0,86 0,87
Z, Velocity factor — 0,94 0,95
Zyy Work hardening factor — 1,00 1,00
Zy Size factor — 1,00 1,00
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Table 14 (continued)
Symbol Description Unit Pinion Gear
&, Transverse contact ratio — 1,57
&p Overlap ratio — 0,00
€ Total contact ratio — 1,57
Opg Nominal tooth root stress N/mm? 20 29
Op Tooth root stress N/mm?2 72 102
F lim L;lll;t;lls tUUth I UUt Dtl COoo P‘rllllllll7 31(}\ 2 18
drp Permissible tooth root stress N/mm? 534 578
dy Contact stress N/mm? 572 568
dH lim Limiting contact stress N/mm? 780 714
do Nominal contact stress N/mm? 286
dup Permissible contact stress N/mm? 662 6p0
Ihtermediate calculation values
R, pintermediate calculation values
d.. Mean value of mesh stiffness per unit face- N/(mm: ) 20,8
width (used for K, p, Kyy,.p Kpe-)
d Maximum tooth stiffness per unit facewidth | N/(mm-pm) 14,6
(single stiffness) of a tooth pair
Myed Reduced gear pair mass per unit facewidth kg/mm 0,123
referenced to the line of action
N Resonance ratio — 0,04
Hyp.c intermediate calculation values
G Mean value of mesh stiffness perunit face- N/(mm-um) 17,7
width (used for Ky ¢, Kgp.c)
o Shaft deformation under'spécific load pum 0,011
Hpy Initial equivalent misalighment (before pm 31,4
running-in)
Hgy Effective equivalent misalignment (after pm 179
running-in)
) Runningéinyallowance for a gear pair (calcu- pm 7,080
lated with max(f,p, f¢4))
s Runding-in allowance (equivalent pum 13,5
hisalignment)
Ay Transverse base pitch deviation pum 29,1
hgs Tolerance on helix slope deviation for flank pm 9,5
tolerance class 5
1l Component of equivalent misalignment due pum 1,4
to deformations of pinion and wheel shafts
na Mesh misalignment due to manufacturing pm 29,5
deviations
Auxiliary values
f7ca Tooth flank correction factor — —
(auxiliary factor, see 1SO 6336-2:2019)
f, Load distribution influence factor — 1,00
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4.9 Example 7: Double helical through-hardened wrought gear pair

For example 7, input values and output values are given in Tables 15 and 16, respectively.

Table 15 — Example 7 input values

Type Description Unit Symbol Pinion Wheel

Geometry |Number of teeth — z 86 429
Normal module mm m, 1,693 333 3 (15 DP)
Normal pressure angle ° a, 20,00
Helix angle ° B 18,31
Hand of helix — — Double helical
Facewidth (total) mm b 165,1 165,1

(82,55 x 2) (82,55 x 2)

Gap width mm — 50,80 50,80
Edge chamfer mm — 0,00 0,00
Contact facewidth (total) mm — 165,1 (82,55 x 2)
Centre distance mm a 460,375
Span measurement mm Wi 60,068 289,367
Number of teeth spanned — K 12 56
Dimension between balls mm Mgy — —
Ball diameter mm Dy — —
Nominal profile shift coefficient — X 0,361 5 (0,286 3)
Tip diameter mm d, 157,99 769,52
Basic rack dedendum coefficient — hep/my 1,250 1,250
Tip chamfer mm hg 0,00 0,00
Basic rack fillet root radius coefficient — pPep/My 0,38 0,38
As cut basic rack undercut mm pr 0,000 0,000
Material allowance for finishing mm q 0,000 0,000
Residual fillet undercut, spyp=pr—q mm Spr 0,000 0,000
Pinion cutter numbefofteeth — Z — —
Pinion cutter profile shift (ref) — X — —
Flank finishing\process — — As cut As cut
Root finisking process — — As cut As cut
Tip relief um C, 13 13
Rootelief pum Ce 0 0
Rrofile modification compensate for the — — No
deflections
Toothflamkcorrectiom factor = fica AU aCtUTETS EXPETTENTE
(auxiliary factor, see ISO 6336-2:2019)

Quality Flank tolerance class — A 5 5
Single pitch tolerance according pum for 6,0 6,5
to ISO 1328-1:2013
Profile form deviation according pm Sra 6,0 6,0
to ISO 1328-1:2013
Helix slope deviation pm fup 8,0 8,5
Surface roughness - flank Ra (Rz) pum — 1,0 (6,0) 1,0 (6,0)
Surface roughness - fillet Ra (Rz) pum — 3,0 (18,0) 3,0 (18,0)
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Table 15 (continued)
Type Description Unit Symbol Pinion Wheel
Material Material — — V (alloy steel) | V (alloy steel)
Material quality — — ML ML
Case hardness — — 342 HB 300 HB
Core hardness — — — —
Young’s modulus N/mm? E 206 000 206 000
Potssorrstatio v 63 —0.3
Yield/proof stress N/mm? | o5/0,, 1000,0 Aq‘jA)OO,O
Material density kg/m3 p 7 830 ’(->)' 7|830
Shot peen — — No 0\6 1 No
Limited pitting allowable — — xﬁ)'u Ves
Application |Application factor — Ka c:b‘) 1,000
Mesh load factor — Ky ,O~V 1,00
Reverse bending — —AQ\\ No No
Favourable contact position — R A\ Yes Yes
Helix modification (ISO 6336-1:2019, — ‘\\: None (No. 1)
Table 12) s O
Dynamic factor, K, calculation method A > — Method B
Face loafi distribution factor, KHﬁ and KFﬁ’ \\\S- — Method C
calculation method )
Number of meshes w9 - Ny 1 1
Gear blank type \A\'\ — — Solid Solid
Web thickness ‘\Q)\ mm by — —
Inside diameter »0\\ mm — — —
Number of webs ﬁ\j?\' — — — —
Arrangement (I1SO 63%65;1\\2’019, Figure 13) — — a
Bearing span L .V mm l 355,600 —
Bearing span oﬂi&}\ mm s 0,00 —
External shaft diameter mm dgy, 63,50 —
Interna}é@f diameter mm dg 0,00 —
Equi@}:’n)t misalignment pum Ssn As Formula (59)
M@h’lisalignment pm Sfina As Formula (664)
{Minimum safety factor pitting — SH min 1,00
é@ Minimum safety factor tooth breakage — SF min 1,00
,(?‘ Lubrication viscosity mm?2/s V40 25
1 o@ N Torque kNm T, 0,528
Speed min? ny 5400,0
Required life h — 30000
Life factor for contact stress, Zy, at — — 0,85 0,85
1010 cycles
Life factor for tooth root stress, Yy, at — — 0,85 0,85
1010 cycles
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Table 16 — Example 7 output values

Symbol Description Unit Pinion Gear
d Reference diameter mm 153,39 765,18
d, Tip diameter mm 157,988 | 769,518
dy, Base circle diameter mm 143,23 714,47
Xg Generating profile shift coefficient — 0,1857 | 0,1104
d; Root diameter (based on xg) mm 149,79 761,32
de RUUL fm IIT L‘lidlllCLUl (‘Udbt,'L‘l UIl )(E) IIITIT 150,81 702,’2\1
dys Start of active profile diameter mm 151,39 7{6\6’]3%’
d, Working pitch diameter mm 153,76 ‘(7}%,'99
F, nominal tangential load at the reference cylinder N 4
Kron Transverse load factor (root stress) — O\Q)'f,37
Krp.c Face load factor (root stress) — - N 1,36
Kia-B Transverse load factor (contact stress) — /Q..V 1,37
Kup.c Face load factor (contact stress) —,\'\ ) 1,38
K, g Dynamic factor \Q)V 1,68
Sp Tooth root breakage safety factor {.s\\\— 2,79 2,50

A=
Su Pitting safety factor PR — 1,30 1,33

v, Pitch line velocity Q\) m/s 43,47
Yg Rim thickness factor , \\\\ K — 1,00 1,00
Ypr Deep tooth factor 0:\\/ — 1,00
Ye Tooth form factor . \\,Qv — 0,86 0,89
Yy Life factor for reference test conditions (tooth 57?\ stress) — 0,85 0,88
Yy Life factor (tooth root stress) AQ\V — 0,85 0,88
YRrelT Relative surface factor N R\ — 0,96 0,96
Y Stress correction factor R ‘\C)v — 2,30 2,36
Yor Stress correction factor for refeyénée\: gears — 2,00
Yy Size factor N — 1,00 | 1,00
YB Helix angle factor {-Q\ — 0,99
Ysrer Relative notch sensitm}ffactor — 1,00 | 1,00
Zy Single pair toothﬁs@;& factor, pinion — 1,03
Zg Helix angle fagtq‘QI‘Jitting] — 1,03
Zy Single pai(\Qo% contact factor, wheel — 1,03
Zg Elastic{@gctor 189,81
Z, Coln@"atio factor — 0,77
Zy é’)\}e‘factor — 2,37

4
A Lubricant factor = 0,85 0,85
ZNT Life factor for test reference conditions (contact stress) — 0,85 0,95
Zn Life factor (contact stress) — 0,85 0,95
Zn Roughness factor — 0,94 0,94
Z, Velocity factor — 1,09 1,09
Zyy Work hardening factor — 1,00 1,00
Zy Size factor — 1,00 1,00
£y Transverse contact ratio — 1,68
& Overlap ratio — 4,87
£, Total contact ratio — 6,56
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Table 16 (continued)

Symbol Description Unit Pinion Gear
OFo Nominal tooth root stress N/mm?2 48 51
O Tooth root stress N/mm? 151 161
OFlim Limiting tooth root stress (input data) N/mm? 256 238
Opp Permissible tooth root stress N/mm? 421 404
oy Contact stress N/mm? 375 375

T Eimitingeontaetstress{inputdatas NA 661 603
do Nominal contact stress N/mm? 2038
dyp Permissible contact stress N/mm? 489 499

Ihtermediate calculation values
K, p intermediate calculation values
4. Mean value of mesh stiffness per unit facewidth (used for K, g, N/(mm?* ) 19,8

Ko Kro-p)
d Maximum tooth stiffness per unit facewidth (single stiffness) of | Nj/(mm-pum) 12,y
a tooth pair
Myeq Reduced gear pair mass per unit facewidth referenced to the line kg/mm 0,081
of action
N Resonance ratio — 3,1p
Hyp.c intermediate calculation values
4 Mean value of mesh stiffness per unit facewidth (used for Kz, | N/(mm-pm) 16,4
Krp.c)
flho Shaft deformation under specific load pm 0,010
Hsy Initial equivalent misalignment (before pum 6,6
running-in)
Hg, Effective equivalent misalignment (after pm 3,3
running-in)

Wy Running-in allowance for a‘'gear pair pm 1,540
(calculated with max(fy, fez))

s Running-in allowanee (equivalent pum 34
misalignment)

Ay Transverse base'pitch deviation pum 6,1

figs Tolerance aofi-helix slope deviation for flank tolerance class 5 pm 8,5

fl Componerit of equivalent misalignment due to deformations of pum 1,4
piniomand wheel shafts

fha Mésh'misalignment due to manufacturing deviations pum 11,y

Auxiliary values

fhca Tooth flank correction factor — 1,0y
(auxiliary factor, see ISO 6336-2:2019)

fe Load distribution influence factor — 0,74
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4.10 Example 8: Single helical case carburized gear pair
NOTE Example 8 is the application of residual protuberance, pr.

For example 8, input values and output values are given in Tables 17 and 18, respectively.

Table 17 — Example 8 input values

Type Description Unit Symbol Pinion Wheel
Geometry |Number of teeth — z 15 63
Normal module mm my, 4,50
Normal pressure angle ° a, 20,00
Helix angle ° B 11,00
Hand of helix — — Left Right
Facewidth (total) mm b 78,74 76,20
Gap width mm — 0,00 0,00
Edge chamfer mm — 0,00 0,00
Contact facewidth (total) mm Do 76,20
Centre distance mm a 182,880
Span measurement mm W, 35,706 118,358
Number of teeth spanned — k 3 9
Dimension between balls mm Mgk — —
Ball diameter mm Dy — —
Nominal profile shift coefficient .~ b'¢ 0,541 3 (0,439 3)
Tip diameter mm d, 82,19 301,55
Basic rack dedendum coefficient (pre-fin- — hep/my 1,516 1,516
ishing)
Basic rack dedendum coefficient (finishing) — hep/my, 1,373 1,373
Tip chamfer mm hg 0,00 0,00
Basic rack fillet root radius cogefficient — Pep/My, 0,40 0,40
As cut (pre-finishing) basic rack undercut mm pr 0,267 0,267
Material allowance for grinding (finishing) mm q 0,220 0,220
Residual fillet yndercut, s, = pr—gq mm Spr 0,047 0,047
Cutting tool protuberance angle — — 10° 10°
Pinion cdftefr number of teeth — Z — —
Pinign,€utter profile shift (ref) — X — —
Flank finishing process — — Cut (pre-fin- | Cut (pre-finish
ishing) ing)
and ground and ground
tfimtshing) tfimtshing)
Root finishing process — — As cut As cut (pre-fin-
(pre-finish- ishing)
ing)
Tip relief pum C, 13 13
Root relief pm Ce 0 0
Profile modification compensate for the — — No
deflections
Tooth flank correction factor — foca manufacturers experience
(auxiliary factor, see ISO 6336-2:2019)
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Table 17 (continued)
Type Description Unit Symbol Pinion Wheel
Quality  |Flank tolerance class — A 6 6
Single pitch tolerance according pum for 9,5 10,0
to [SO 1328-1:2013
Profile form deviation according um Sia 11,0 11,0
to ISO 1328-1:2013
Helix slope deviation um fHB 11,0 11,0
Surface roughness - flank Ra (Rz) pum — 0,38 (2,3) 0¢38/(2,3)
Surface roughness - fillet Ra (Rz) pum — 3,0 (18,0) | . 30 18,0)
Material |Material — — Eh (-\;‘. Eh
Material quality — — MQ. ﬁb\l MQ
Case hardness — — 5§Lﬂ:§€ 58 HRC
Core hardness — — . @“IZIRC 30 HRC
Young’s modulus N/mm? E \,(%706 000 204000
Poisson’s ratio — .YO\ ) 0,3 d,3
Yield/proof stress N/mm? (‘oﬁjz 689,5 649,5
Material density kg/m3, (5\ P 7 830 7 30
Shot peen - — No No
Limited pitting allowable \\{é - — No No
Application |Application factor \\}\\— Kaa 1,000
Mesh load factor \r\Q’ — K, 1,00
Reverse bending \A\'\ — — No No
Favourable contact position ‘\\Q)\ — — Yes Yes
Helix modification (ISO 6336-@3‘19, — — Helix + Crowning
Table 12) h (No.5)
Dynamic factor, K,,, cal;_u(k&l\on method — — Method B
Face load distribution‘fa%‘tor, — — Method C
Ky and Kgp, calculation method
Number of m — Ny 1 il
Gear blan}at&p% — — Solid Salid
Web tk@éss mm b — —
In?c@\lameter mm — — —
@Mer of webs — — — —
Q‘@rrangement (ISO 6336-1:2019, Figure 13) — — b
é Bearing span mm 1 331,724 —
é&?\ Bearing span offset mm s 67,56 —
Externalshaftdiameter At e 63-50
Internal shaft diameter mm dgpi 0,00 —
Equivalent misalignment pm fen As Formula (59)
Mesh misalignment pm Sfina As Formula (66)
Minimum safety factor pitting — SH min 1,00
Minimum safety factor tooth breakage — SE min 1,00
Lubrication viscosity mm?/s Va0 220
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Table 17 (continued)
Type Description Unit Symbol Pinion Wheel
Load Torque kNm T, 1,494
Speed min-! ny 1430,0
Required life h — 10 000
Life factor for contact stress, Zy, at — — 1,00 1,00
1010 cycles
Life factor for tooth root stress, Yy at — — 1,00 1,00
1010 cycles N
{ vV
Table 18 — Example 8 output values "l/
Symbol Description Unit Pmo? Gear
d Reference diameter mm ()\(83\,76 288,81
d, Tip diameter mm ‘0482,19 301,55
dy, Base circle diameter mlq&\<~ 64,47 | 270,79
Xgy Generating profile shift coefficient (pre-finishing) 9\ 0,6295 | 0,549 ¢
Xg Generating profile shift coefficient &\VJ— 0,486 6 | 0,406 9
d Root diameter O mm 60,79 | 280,11
(based on xgy — pre-finishing) Q
dgs Root form diameter Q - mm 65,87 | 284,03
(based on x; —finishing) . \\\\
dns Start of active profile diameter 0,\v mm 65,88 287,05
d, Working pitch diameter \\\S\v mm 70,34 | 295,42
F Nominal tangential load at the reference cylinfé;}?\ N 43 453
Kron Transverse load factor (root stress) AA\ — 1,03
Kpp.c Face load factor (root stress) N R\ — 1,05
Kja-B Transverse load factor (contact st'r_&sg)v — 1,03
Kyp.c Face load factor (contact stress), () — 1,06
K, g Dynamic factor A@ ’ — 1,02
Sk Tooth root breakage saf?tﬁkﬁz:tor — 3,01 2,78
Su Pitting safety factor (‘\y — 1,20 1,20
v, Pitch line velocit)z\%v m/s 5,27
Y Rim thicknessfactor — 1,00 | 1,00
Ypr Deep tootb@t\(l)r — 1,00
Ye Tooth @;(factor — 1,25 1,28
YN Lif/e@t)r for reference test conditions (tooth root stress) — 1,00 1,00
YN Q"{}*f‘actor (tooth root stress) — 1,00 1,00
YRrelT Relative Surface factor — 0,96 0,96
Y Stress correction factor — 1,98 2,03
Yor Stress correction factor for reference gears — 2,00
Yy Size factor — 1,00 | 1,00
YB Helix angle factor — 0,96
Ysrelr Relative notch sensitivity factor — 1,00 | 1,00
Zy Single pair tooth contact factor, pinion — 1,03
Zy Helix angle factor (pitting) — 1,01
Zy Single pair tooth contact factor, wheel — 1,03
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Table 18 (continued)

Symbol Description Unit Pinion | Gear

Zg Elasticity factor m 189,81

Z, Contact ratio factor — 0,85

Zy Zone factor — 2,27

Z Lubricant factor — 1,02 1,02

ZyT Life factor for reference test conditions (contact stress) — 1,00 1,00

Ay Life factor (contact stress) — 1,00~ | 1,00

Ar Roughness factor — 1@%1/ 1,02

4, Velocity factor — "d{;:c'i 0,98

4w Work hardening factor — ?.Sd 1,00 1,00

4 Size factor —o2 | 100 [ 100

g, Transverse contact ratio R 63 ,39

g Overlap ratio ,é{‘— ,03

g Total contact ratio ‘(‘ — 2,41

dro Nominal tooth root stress X \(O N/mm? 291 317

dr Tooth root stress | (S\ N/mm? 320 347

dFlim Limiting tooth root stress (\Y N/mm? 500 500

drp Permissible tooth root stress ‘\Q - N/mm? 962 965

dy Contact stress K\}\\ N/mm? 1285 1285

A lim Limiting contact stress ) N/mm? 1500 || 1500

do Nominal contact stress ‘\\\) N/mm? 11p1

dyp Permissible contact stress ;\Q)\ N/mm? 1541 1541

Iptermediate calculation values N 0\\

K, p intermediate calculation values ’.\5\"

4 Mean value of mesh stiff ‘%r unit facewidth (used for K, g, N/(mm-pm) 17\5
Ko Kpa-B) .

d Maximum tooth stif s per unit facewidth (single stiffness) ofa | N/(mm-pm) 13}5
tooth pair -

Myeq Redut_:ed gealbm\!r)mass per unit facewidth referenced to the line kg/mm 0,018
ofaction ~\

N Resona‘r@s)%/tio — 0,07

Hup.c intermeQ«igie)cvalculation values

g &kvalue of mesh stiffness per unit facewidth (used for Ky ¢, N/(mm-um) 1448

Mrp-c)

fiho < v) Shaft deformation under specific load pm 0,1B6

R Q)\ Initia_l eq_uivalent misalignment (before pum 5p
TUTIITITIE-1T)

Fg, Effective equivalent misalignment (after pm 4,7
running-in)

Ve Running-in allowance for a gear pair pum 0,825
(calculated with max(f,y, f¢,))

Vg Running-in allowance (equivalent pum 0,8
misalignment)

fob Transverse base pitch deviation pum 9,4

fups Tolerance on helix slope deviation for flank tolerance class 5 pum 8,0

fen Component of equivalent misalignment due to deformations of pum 78,9
pinion and wheel shafts
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Table 18 (continued)

Symbol Description Unit Pinion | Gear
fina Mesh misalignment due to manufacturing deviations pum 15,6
Auxiliary values
frca Tooth flank correction factor — 1,07

(auxiliary factor, see ISO 6336-2:2019)
fe Load distribution influence factor — 0,84
42
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Annex A
(informative)

Example 1 detailed calculation

A.1 General

—3

his annex contains the detailed calculation example 1. The formulae are numbered ddcordihg to the
¢spective referenced document.

-

A.2 Defined data

—3

he defined data are shown in Tables A.1, A.2 and A.3.

Table A.1 — Gear geometry

Description Pinien Wheel
Number of teeth =17 z, =103
Normal module m,=8
Normal pressure angle a, =20,00°
Helix angle p=15,8°
Hand of helix Left Right
Hacewidth by =100 mm b, =100 mn]
(ontact facewidth b =100 mm
(entre distance a=>500mm
Nominal addendum correction factor x1=(0,145 22) X, =0
Jpan measurement W4 =38,196 mm Wy, =307943 mm
Number of teeth spanned ki=2 k,=13
Tip diameter d,; = 159,66 mm d,, =872,35 njm
Hasic rack dedendum hepp = 1,4 my mm hepr = 1,4 m, =112 mm
Hasic rack fillet roétradius Pep1 = 0,39 m, mm Pep2 = 0,39 m, = 3,12 mm
residual fillet uhdercut Spr1 = 0,00 mm Sprz = 0,00 min
Material allowance for finishing q1=0,00 mm q,=0,00 mnp
Tip relief C,=70 pm
Rootelief Ce=0pm
Hrofile modification compensate for the deflections Yes
Table A.2 — Gear quality

Description Pinion Wheel
Flank tolerance class A=5 A=5
Single pitch tolerance for1 = 8,5 um forz = 9,0 pm
Profile form deviation fea1 =95 um Sfeaz = 9,5 pm
Helix slope deviation fup1 = 8,0 pm fugz = 9,0 pm
Surface roughness (Ra) Ray; =1,0 um Ray, =1,0 um
Fillet roughness (Ra) Rag; = 3,0 um Rag, = 3,0 um
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Table A.3 — Material data

Description Pinion Wheel
Material type Eh Eh
Material quality MQ MQ
Case hardness (HRC) 60 60
Core hardness (HRC) 30 30
Young’s modulus E; =206 000 N/mm? E, =206 000 N/mm?
Poisson’qTatio =073 v, =03

Yield/pr¢of stress

0g; =500 N/mm?

05, =500 N/mm?

Material|density

p1="7830kg/m3

p, =7 830kg/m3

Shot peeh

No

No

Limited pitting allowable

No

No

A.3 ISP 6336-5:2016 — Allowable stress values for contact and.-bending

5.5 Allowable contact stress number, oy ;,,,

For matqgrial Eh with MQ quality (see ISO 6336-5:2016, Table 1),

Oyl =1500 N / mm®

Minimurp required safety value for contact, Sy ,,;, = 1,00

Allowablle stress number (bending), op;,,

For matqgrial Eh, material quality MQ with core hardaess = 30 HRC (see 1SO 6336-5:2016, Figure 10),

Oy =500 N / mm?

Minimurp safety value for bending, Sg ,;,~='1,00

A.4 Application data
See Tabl¢ A.4.

Table A.4 — Application data

Description Pinion Wheel
Application factor K,=1,00
Mesh load factor Ky =1,00
Reverse benrding No No
Favourable contact position No No
Helix modification No No
Profile modifications compensate for the deflections Yes Yes
Number of mesh contacts Ny =1 Nyp=1
Gear blank type Solid Solid
Bearing span offset 51 =0,00 mm
Equivalent misalignment fon = 14,705 um
Mesh misalignment fma=12,042 um

Lubrication viscosity

V40 = 320 mm?/s

44
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A.5 Load data
See Table A.5.

Table A.5 — Load data

Description Pinion Wheel
Pinion torque T;=9000 Nm —
Pinion speed ny =360 min-1 —
Hequired life L,=50000h 8

A.6 Supplementary calculations

D)

ear ratio _Zp

u=-—-==6,058 82
z
" m
Transverse module m =—"™__g 314 12mm
cos(f)

Reference diameter  d; =z, -m; =141,340 mm
dy =z, -m; =856,355mm

Inpvolute normal inve, =tan(ey, )— 0, =0,014 90 rad
pressure angle

Transverse pressure tan (o

1 P o, = atan| P2 |50 7200
apgle cos(f)

inve, =tan(oy )—oy =0,016 63 rad

Transverse working m, -cos(ay ) .
phessure angle Oyt —acos{|zl +ZZ|Ii—20W ~cos(f) =21,066
Generating profile W1~y - cos(oy, ) [ (ky —0,5)+z; - inve,
it gp Xgy = k.~ P (o ) [ (ky )+2 t]}=0’117 79

2-my, -sin(e, )
Wy —{m, -cos(oy, ) [7(ky —0,5)+z, -invey [}

2-my -sin(o, )

coefficient
=-0,027 48

XgQ 7

ot diameter dfl :d1 _Z[hﬂ)l —(XElmn )] :120,825 mm

(based on generabing drp =dy —2[hpy —(Xgam, )] =833,515 mm
profile shift
cpefficient;xy)

otform diameter

( ased on generated del _ 2[haPO —Xg1My — Papo (1_Sm(an ))]

Qin(rxtN

2
{dl sin(oy ) - } +dpy? =132,248 mm

£51 Life ££3
p1 OTITC—STIITC COCTTTT

cient, Xg; in this case \/

2[hpg — Xgamy — Papo (1-sin(oy, )]

2
there is no undercut dgp = 4|9d; sin(e; )— } + dbzz =839,084 mm

—

or protuberance, so sin(e )
the following formula
can be applied)
Base diameter dyq =d; cos(o )=132,199 mm
dy, =d, cos(o; ) =800,968 mm
Base helix angle B, =tan ! [tan(B) cos(e )]=14,825°
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Working pitch dy1
. d,1 =———=141,667 mm
diameter W1 cos (e )
d
vy =—22=858,333 mm
oS (Ot )
Normal pitch p, =7 -m, =25,133 mm
Transverse pitch p. =7 -m; =26,120 mm

Transvegse-base-piteh—pr—pr—cos{er)=24,430-mm

Transveyse base pitch pet = Ppe =24,430 mm
on the p4th of contact

Length df line of 1 [, 2 2 Z ([, 2 2 .
contact g06=5|: dNal _dbl +—( dNaZ —dbz —Zawsmawt) =37,845 mm

|z,

SAP diameter 2
dyt Z\/(2|a|sinocwt —\d2,, —dZ, ) +d2; =132,921 mm

Transveyse contact o
£y ="

ratio “= =1,54909
et
Overlap fatio b-sin
p e _besin(B) _, 0g337
my -7

Total conptact ratio €, =€, +€5=2,63246

Transveyse base pitch fpp1 = fpr1 - cos(e; )=7,950 24m

deviation fobz = fyrz -cos(a, ) =8,417°90 um
; b ; d .1
Pitch lin¢ velocity vy = w1 T 670 35 m
60 - 10° s
; ; . di -7
1C1r_ctum£et1;lentla;l ve T n31 266420 ™
ocity at fhe reference 60 - 10 s
circle
(see ISO p336-1:2019,
4.2.2)

A.7 ISP 6336-2:2019 — Contact ratio factor

8.2.2 Coptactratio factor, Z,

2
dnf2 =j—2\/(2asinawt —\/déal —dtz,l ) +d§2 =845,225 mm

z :\/L 0,803 46
80!

46
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A.8 1S0 6336-1:2019 — Basic principles, introduction and general influence

factors

A.8.1 Determination of dynamic factor, K,
4.2.2 Nominal tangential load, F;

520007,

t

=127352,381 N

1

e}

3 Determination of tooth stiffness parameters, ¢’and c,

Vjrtual number of teeth, z

z, = % =18,905
cos(f,) cos(p)

z, = = =114,543
cos(f,) cos(p)

\O

3.2.2 Theoretical single stiffness, c’th

Cpefficients:  C, =0,047 23
C, =0,15551
C,=0,25791
C, =-0,00635
C,=-0,11654
C,=-0,00193
C, =-0,24188
C, =0,00529
C, =0,00182
Minimum valué for the flexibility of gear pair, g’
0 =G T2 e 3 + B 0y + 572 4 Coxy? +Coxy? =0,056 00 (mm-pum) /N
Zn1  “Zn2 Zn1 Zn2
€ :%:17 857 N/(mm-um)

9.3.2.3 Correction factor, Cy

Cy=0,8

9.3.2.4 Gear blank factor, Cy

Cr =1,0(for solid gears)
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9.3.2.5 Basic rack factor, C
Normal pressure angle of basic rack, op, =0,

Basic rack dedendum for pinion and gear are the same, therefore,

Cpy {1 040 5(1 o fe1 ﬂu 0-0,02-(20°—ap, )]=0,90000 (88)
m
[
s

9.3.2 Single stiffness, ¢’
¢’=dg, -Cy -Cr -Cg cos(B)=12,371N /(mm - um) (82)

9.3.3.1 Mesh stiffness, Cra

Cy F¢ - (0,75 &4, +0,25)=17,466 N / (mm - um) (9%)

9.3.3.2 Mesh stiffness, Cyp
¢, $0,85¢,, =14,846 N /(mm-um) 99

6.5.3 Ca]culation of reduced mass of gear pair with external teeth, m 4

Mean topth diameter, d

| dyq +dpq
ml[~

d 2 +df2

d =140,462 mm  dyy,%=2—.=853,152 mm 3D

Given depsity p; =7 830 kg/m3 p,=7 830 kg/m3

m; 5 ]21 =0,068 486 kg /mm my = ]22 = 2,539 206 kg / mm @)
rbl rbz
Myed =2 ~0,066 69 kg /mm h
m1 +m2

NOTE Quantity(1 - ¢4%) = (1 - ¢,%) = 1 for solid pinion and wheel (33)
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6.5.3 Determination of resonance running speed, ng,

30000 | ¢y
Tz Myed

=9090,605 min

Resonance ratio, N

n
N=——=0,03960
Ngq

=

pwer limit of resonance ratio, Ng

F.K
tTA >100, therefore, Ng =0,85

(=)

5.4 Dynamic factor in subcritical range, (N < Ng)

€,> 2 (see IS0 6336-1:2019, Table 8), therefore,

0,57-0,05¢,
C,4 =0,320 00 Cpg=—— 720,367 62
£,—1,44
7
Cyp = 0,57 _( 244 38 C,5=0,47=0,470 00
ey—0,3
Cy3 __00% _ 08951 Coe =012 413446
sy—1,56 ey—1,74
£,>2,5 C,r=1
1 ( Ouii :
Cpp=—| —M 18 45 | +1,5<1,99537 um
Y 18| 97

ase pitch deviation, f, =maX( fyp1, fobz )=8,41790um (see note in ISO 6336-1:2019, 8.3.2)

rofile form deviation, Y}, =max( fiy1, fi2)=9,51um, Running-in allowance (see ISO 633
3.6)

> 0 U W

s materials are-the same and for Eh material, then,

Yo =0,075 f,, =0,63134m

NOTE The application of 50 % of the values f,;, or f, (due to profile modification compensation of de
i ofily valid for the calculation of Ky, but not for the calculation of K,,.

—

(6)

(9)

(12)

b-1:2019,

(79)

flections)

Comparison with the allowable limit for material Eh of 3 pm.
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Estimated running-in allowance (pitch deviation) (see note in ISO 6336-1:2019, 6.54)

Yp =Yq =0,631 34 um

Estimated running-in allowance (flank deviation) (see ISO 6336-1:2019, 6.5.4)
Y¢ =0,075 f;,, =0,712 50 um

Comparison with the allowable limit for material Eh of 3 um.

fpbef:fpb_.yp:7:786 56 um (1 3)
ftaetf = ffa — Y =8,787 50 um ad)
¢’
Bp :%:0,075 64 )
t
KA .K’Y .(7]
B¢ :c'ff—OCEf}f?=0,()85 36 b
t
Ky Ky 2

As lowest flank tolerance class < Flank tolerance class 5, then,

".min(C,; +C¢,,C.> +C
Bkzl—c mln( al f2,>~a2 fl)‘:0’320 02 (1"7)

Ft
Ka Ky

K=(Cy1-B,)+(Cyz - Bg)+(Cy3-By)=0,073.72 (14)

As N < Ni, (see ISO 6336-1:2019, 6.5.4), then;
K

N-K+1=1,002 92 (13)

v

A.8.2 Determination of face load factors, K;;; and K,

Mean trgnsverse tangential load (see 7.2)

Fon 3F, Ky KoK, =127 724,130N

7.5.3.5.4 Appreximate calculation of equivalent misalignment, f;

Pinion offset s, = 0, therefore,

2

F,

fun :Tm0,023[(1+0—0,3)+0,3][di} =14,705um (59)
1

7.5.4.4 Mesh misalignment, f_

fna = fup1” + fupz® =12,042um (66)
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