INTERNATIONAL ISO
STANDARD 10300-1

Third edition
2023-08

Calculation of load capacity of bevel
gears —

Part 1:
Introduction and general influence
factors

Calcul de la capacitédecharge des engrenages coniques —

Partie 1: Introduction et facteurs généraux d'influence

Reference number
1SO 10300-1:2023(E)

© IS0 2023


https://standardsiso.com/api/?name=34114d473f8748d7e46186785c7cc8bc

1ISO 10300-1:2023(E)

COPYRIGHT PROTECTED DOCUMENT

© 1502023

All rights reserved. Unless otherwise specified, or required in the context of its implementation, no part of this publication may
be reproduced or utilized otherwise in any form or by any means, electronic or mechanical, including photocopying, or posting on
the internet or an intranet, without prior written permission. Permission can be requested from either ISO at the address below
or ISO’s member body in the country of the requester.

ISO copyright office

CP 401  Ch. de Blandonnet 8

CH-1214 Vernier, Geneva

Phone: +41 22 749 01 11

Email: copyright@iso.org

Website: www.iso.org
Published in Switzerland

ii © 1S0 2023 - All rights reserved


https://www.iso.org
https://standardsiso.com/api/?name=34114d473f8748d7e46186785c7cc8bc

ISO 10300-1:2023(E)

Contents Page
0 ) )70 o OO \'4
T 00X 0 ot () 00000000000 vii
1 SCOPI@ ... 1
2 V0T 00 04 B2 10 AT Q=T () 0 =) 1 oL L R 1
3 Terms and AeFINTEIONIS ... 2
4' Sy lllbU:D aud scucn a} D“b)bl ;l’tﬂ .............................................. 2
5 APPLICATION .........ooooos s Qib ....................... 6
5.1 Calculation methods(]/Q ............................... 6
5.1.1 General 6
5.1.2 6
5.1.3 6
5.1.4 Method C 6
5.2  Safety factors... 7
5.3 Rating factors........ 7
5.3 1 TeStING ..o 7
5.3.2 7
5.3.3 Implied accuracy ... 8
5.4 Further factors to be considered............. 8
54.1 8
5.4.2 8
54.3 8
5.4.4 8
5.4.5 Materials and metallurg 8
54,6 RESIAUAL SEIOSS ..ooooooooece S sessssse e 8
5.4.7 System dynamics \O ............................................................................................................................................... 9
5.4.8 Contact pattern.....c\}t .9
5.49 Corrosion.... O\ Y R, 9
5.5 Further influence fa‘c. s in the basic formulae 9
6 External force and a ation factor, Ky ...
6.1 Nominal tan al force, torque, power
6.2 Variable load.conditions...........cccoiciii
6.3  Applic (01 0 ) 03 G
6.3.1 plication factor — GENETAl. ...
6. Influences affecting external dynamic loads..
7 Dy,
g\y General
. Design
3 ]\/[annf:ar'hlring
7.4 B0 0153 0B £33 10 ) 6 =) 0 0 ) 00O
7.5 DY NAIMIC T@SPOTISE ...
7.6 Resonance........
7.6.1 General.....e
7.6.2  Gear blank resonance....
7.7 Calculation methods for K, .......
7.71  General comments.....
772 MEEROA A, K|, oo
7.7.3  MELNOA B, K|, g oo
8 T =1 o 1o T B
8 FACE 10@d FACTOTS, Kjjg, K. 20
8.1 (0SS 0T =1 N 00) 50160 L<) 01 o) 20

© 1S0 2023 - All rights reserved iii


https://standardsiso.com/api/?name=34114d473f8748d7e46186785c7cc8bc

1ISO 10300-1:2023(E)

8.2 Method A
8.3  Method B
8.4 Method C
8.4.1  Face 10ad fACtOL, Kijp. it 21
8.4.2  Local face 10ad faCtor, Kijgy ...ttt 21
8.4.3  Face load factor, Kgg ¢
8.4.4 Lengthwise curvature factor for bending strength, Ky,

9 Transverse load factors, K, Ki,,

9.1 General comments
9.2 Method Ao,
9.3 IMETROM B ..o
9.3.1 Bevel gears having virtual cylindrical gears with contact ratio &,,, < 2......L ] .24
9.3.2  Bevel gears having virtual cylindrical gears with contact ratio &, > 2.0} .24
9.4 MEEROMA € oo L .25
9.4.1 General comments ...
9.4.2  ASSUMPLIONS....coocccmrsieissiieicss
9.4.3 Determination of the factors
9.5 Running-in allowance, Y, ...ttt eyttt "
Annex A (:[ormative) Calculation of virtual cylindrical gears — Method B1/..............c, .27
Annex B (jormative) Calculation of virtual cylindrical gears — Method B2 ..., .43
Annex C (ipformative) Values for application factor, Ky ...........mi o, .49
Annex D (Informative) CONTACE PATEEITIS ... et .50
BIDHIOGIADINY .....cccccct et P et .54

iv © IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=34114d473f8748d7e46186785c7cc8bc

ISO 10300-1:2023(E)

Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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w.iso.org/iso/foreword.html.

trade name used in this document is information given for the convenience of users ar

enance are

ded for the
e with the

ve the use
Iny claimed
bt received

ce of (a) patent(s) which may be required to implement this document. However, implenenters are

the patent
b any or all

d does not

terms and
herence to
[TBT), see

This document was prepared by Techhical Committee ISO/TC 60, Gears, Subcommittee [SC 2, Gear

cappcity calculation.

Thig third edition cancels and\replaces the second edition (ISO 10300-1:2014), whicH has been

technically revised.

Thg main changes are asfellows:

— |Table 1 has beerinSerted in which only symbols and units used in this document are prpvided;

— |Table 2 hasbeen inserted;

— |subclause’9.1 — boundary conditions for the calculation of the transverse load factor§ method B
haverbeen rearranged;

— |Figure 3 — nomogram for the determination of the resonance speed, ny,, for the mating solid steel
pinion/solid wheel, with ¢, = 20 N/(mm - pm) (for bevel gears without offset only) has been removed;

— Figure 4 — dynamic factor, K,_, has been removed;

— Figure 5 — transverse load factors, Ky, g and K, g has been removed;

— Figure 6 — running-in allowance, y,, of gear pairs with a tangential speed of v ., > 10 m/s has been
removed;

— Figure 7 — running-in allowance, y,, of gear pairs with a tangential speed of v ;, < 10 m/s has been
removed;

— Figure A.6 — transverse path of contact has been newly inserted;
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— Figure A.7 — general definition of length of contact lines for local geometry data has been newly
inserted.

Alist of all parts in the ISO 10300 series can be found on the ISO website.

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

When ISO 10300:2001 (all parts) became due for its first revision, the opportunity was taken to include
hypoid gears, since previously the series only allowed for calculating the load capacity of bevel gears
without offset axes. The former structure is retained, i.e. three parts of the ISO 10300 series, together
with ISO 6336-5, and it is intended to establish general principles and procedures for rating of bevel
gears. Moreover, ISO 10300 (all parts) is designed to facilitate the application of future knowledge and
developments, as well as the exchange of information gained from experience.

Several calculation methods, i.e. A, B and C, are specified, which stand for decreasing accuracy and
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forr[?ulae of the former version of ISO 10300:2001 (all parts)«

hods in ISO 10300 (all parts) are used for preliminary estimates of gear capacity whe
hils of the gear design are not yet known. More detailed methods are intended forthe re
he load capacity limits when all important gear data are given.

10300 (all parts) does not provide an upgraded calculation procedure as,a’method A,

h contact analyses.

the other hand, by means of such a computer program, a new calculation procedure fo
oid gears on the level of method B was developed and checkedclt is part of the ISO 103(
ethod B1. Besides, if the hypoid offset, g, is zero, method Blvbecomes identical to the se

iew of the decision for ISO 10300 (all parts) to cover.hypoid gears also, Annex B has beg
his document. Additionally, ISO 10300-2 is supplemented by a separate clause: “Gear f

ermine the critical section in the root and notsthe 30° tangent at the tooth fillet as meth
pw extended by the AGMA methods for rating the strength of bevel gears and hypoid g¢
bssary to present a new, clearer structure of the three parts, which is illustrated in Figun

E ISO 10300 (all parts) gives nopreferences in terms of when to use method B1 and 4
hod B2.

procedures covered by ISO 10300 (all parts) are based on both testing and theoretical s

10300 (all parts) provides-ealculation procedures by which different gear designs can be
not meant to ensure~the performance of assembled gear drive systems. It is intended
experienced gear designer capable of selecting reasonable values for the factors in thes
bd on knowledgeof similar designs and on awareness of the effects of the items discusse

E Contrary- to cylindrical gears, where the contact is usually linear, bevel gears ar
ufactured-with profile and lengthwise crowning, i.e. the tooth flanks are curved on all sides and
blops an‘eliptical pressure surface. This is taken into consideration when determining the loa
fact that the rectangular zone of action (in the case of spur and helical gears) is replaced by 3
llelogram for method B1 and an inscribed ellipse for method B2 (see Annex A for method B1 and
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Operation data:

load, speed, material, lubrication, etc.

~____ Partl:Introductionand
[ general influence factors

l

Geometry data of bevel gears
according to ISO 23509

!

Method B1

!

Method B2

General load factors K

arr‘nrr‘ling to Method A, BorC

Geometry of virtual
cylindrical gears

Geometry of virtual
cylindrical gears

........... S R

L 2: Calculation of surface durability —--—--

Z - factors for pitting

according to Method A, B or C

-t— Part 3: Calculation of tooth root strength —--—-—--—=«

V.

Vo

|
|
|

Contact stress

( Contact stress

evaluated: 0 .51

permissible: o HP-B1

?ﬁ/aluated: 0 y-B2
permissible: 0 yp_g,

b

viii

Y - factors for bending

according to Method A, B or C

vV

Yoth root stress a

Tooth root stress b

~ evaluated: 0 p_p;
permissible: ¢ pp_gq

evaluated: 0 p_p;
permissible: o gp_gs

One set] of formulae for both, bevel and hypoid gears.
Separate sets of formulae for bevel and\for hypoid gears.

a
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
——]

Figure 1 — Structure of calculation methods in ISO 10300 (all parts)

]
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Calculation of load capacity of bevel gears —

Part 1:

In

troduction and general influence factors

1
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symbols used for calculation, and the general factors influencing load conditions.
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Scope
5 document specifies the methods of calculation of the load capacity of bevel gears;the fo
formulae in this document are intended to establish uniformly acceptable‘méthods for
load-carrying capacity of straight, helical (skew), spiral bevel, Zerol atid-hypoid gears
1 of the gear types; if not, the specific forms are identified.

formulae in this document take into account the known majer factors influencing lo
Cifically addressed in the individual parts of the ISO 10300/series. Rating systems for a

b of bevel gears can be established by selecting proper values for the factors used in {

E This document is not applicable to bevel geai's which have an inadequate contact patterry
Annex D).

rating system of this document is based-on virtual cylindrical gears and restricted to |

‘mulae and

calculating
. They are

icable equally to tapered depth and uniform depth teeth. Hereinafter, the term “bevel gear” refers

-carrying

d
hcity. The rating formulae are only applicable to types<of gear tooth deterioratiojl, that are

particular
he general

under load

bevel gears

whese virtual cylindrical gears have transverse contact ratios of €,, < 2. Additionally, for bevel gears

the

The
(B

cald

2

The
con
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sum of profile shift coefficients of pinion and wheel is zero (see ISO 23509).

user is cautioned that when _the formulae are used for large average mean sp
L+ Pm2)/2 > 45°, for effective pressure angles a, > 30° and/or for large facewidths b > 1
ulated results of this document should be confirmed by experience.

Normative references

following do¢uments are referred to in the text in such a way that some or all of th
Ktitutes reqtiréments of this document. For dated references, only the edition cited 4
ated references, the latest edition of the referenced document (including any amendmen

701, International gear notation — Symbols for geometrical data

ISO

ral angles
3 mg,, the

mn’

bir content
pplies. For
[s) applies.

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

[SO 6336-5, Calculation of load capacity of spur and helical gears — Part 5: Strength and quality of
materials

[SO 6336-6, Calculation of load capacity of spur and helical gears — Part 6: Calculation of service life under
variable load

ISO 10300-2, Calculation of load capacity of bevel gears — Part 2: Calculation of surface durability

(ma

cropitting)

ISO 10300-3, Calculation of load capacity of bevel gears — Part 3: Calculation of tooth root strength

ISO

©IS

17485, Bevel gears — ISO system of accuracy
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ISO 23509:2016, Bevel and hypoid gear geometry

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 1122-1 and ISO 23509 apply.

[SO and IEC maintain terminology databases for use in standardization at the following addresses:

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

IEC Ele r‘frnppdi:\- available at https: //www.electropedia QEg/

4 Symbols and general subscripts
For the purposes of this document, the symbols given in ISO 701, ISO 17485, ISO 23509, and the following
shall apply| See Tables 1 and 2.
Table 1 — Symbols
Symbol Description or term Unit
A Auxiliary factor for calculating the dynamic factor K, —
A* Related area for calculating the load sharing factor Z; g mm
a Hypoid offset mm
Apel Relative hypoid offset —
a, Centre distance of virtual cylindrical gear pair mm
Ayn Relative centre distance of virtual cylindrical gear pair in normal section —
B Accuracy grade according to ISO 17485 —
b Facewidth mm
be Calculated effective facewidth mm
b Effective facewidth (e.g. measured length of contact pattern) mm
b, Facewidth of virtual cylindrical gears mm
by et Effective facewidth of virtual'cylindrical gears mm
b el Relative facewidth ofvirtual cylindrical gear —
Cp Correction factor aftooth stiffness for non-average conditions —
Cy, Correction factorfor the length of contact lines —
Cy Empirical parameter to determine the dynamic factor —
c, Mean valué of mesh stiffness per unit facewidth N/(mm-urh)
o Mesh'stiffness for average conditions N/(mm-purh)
c' Single stiffness N/(mm-purh)
co' Stngle stiffnessforaverage conditions N/Gmmeph)
d, Outer pitch diameter mm
dy, Mean pitch diameter mm
drp Tolerance diameter according to ISO 17485 mm
d, Reference diameter of virtual cylindrical gear mm
d,, Tip diameter of virtual cylindrical gear mm
dyan Tip diameter of virtual cylindrical gear in normal section mm
dyy, Base diameter of virtual cylindrical gear mm
dypn Base diameter of virtual cylindrical gear in normal section mm
dy¢ Root diameter of virtual cylindrical gear mm
don Reference diameter of virtual cylindrical gear in normal section mm
2 © IS0 2023 - All rights reserved
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Table 1 (continued)
Symbol Description or term Unit
E Modulus of elasticity, Young’s modulus N/mm?
ers Exponent for the load distribution along the lines of contact —
Foc Nominal tangential force at mid-facewidth of the reference cone N
Foon Determinant tangential force at mid-facewidth of the reference cone N
Fye Nominal tangential force of virtual cylindrical gears N
f Distance from the centre of the zone of action to a contact line mm
i Distance of the middle contact line in the zone of action .| mm
Sy Distance of the middle contact line in the zone of action for a contact point Y (-\a/J mm
Smax Maximum distance to middle contact line k’()/v mm
f axB Maximum distance to middle contact line at right side of contact pattern N mm
f nax0 Maximum distance to middle contact line at left side of contact patterfrloj\)v mm
Sor Single pitch deviation ?\\) pum
fo.eff Effective pitch deviation ,.D pum
1 Distance of the root contact line in the zone of action k\VJ mm
fey Distance of the root contact line in the zone of action for.a ohtact pointY mm
fe Distance of the tip contact line in the zone of action AO\ mm
fey Distance of the tip contact line in the zone of actio\l\%r a contact point Y mm
Gva Length of path of contact 5\0\ mm
Jva Length of path of contact of virtual cylind@&gear in transverse section mm
Gvan Relative length of action in normal sectieh N —
T ana Relative length of action from piniog\t@to pitch circle in the normal section —
T anr Relative length of action from wheel tip to pitch circle in the normal section —
9n Relative length of action wi‘tlp\;&hve contact ellipse —
ham Mean addendum C)\\v mm
Ry, Mean dedendum ¢ - mm
h Relative mean vir@“‘edendum —

i Run variable O —
K Constant;‘@é\te)r for calculating the dynamic factor K, g —
K, Dynarp\i@\:ﬁor —
K, Pre@ﬁiﬁary dynamic factor for non-hypoid gears —

A
Ky cation factor —

Kgo ~€ engthwise curvature factor for bending stress —

I%\\? Transverse load factor for bending stress —

I‘@’g Face load factor for bending stress —
Ky Transverse load factor for contact stress —
Ky, Preliminary transverse load factor for contact stress for non-hypoid gears —
Kyp Face load factor for contact stress —
Kyppe |Mounting factor —
kg Correction factor —
k' Contact shift factor —
L, Length of contact line (method B1) mm
Lo Theoretical length of contact line mm
Mg, Outer transverse module mm
Myn Mean normal module mm

©1S0 2023 - All rights reserved 3
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Table 1 (continued)
Symbol Description or term Unit
Myeq Mass per unit facewidth reduced to the line of action of dynamically equivalent kg/mm
cylindrical gear pairs
m,, Transverse module mm
m* Relative individual gear mass per unit facewidth referred to line of action kg/mm
N Reference speed related to resonance speed ng —
n Rotational speed minl
Ngp Resomancespeedof pimon i
Nominal power ki ‘/D
p Peak load fl’)’&{m
p* Relative peak load for calculating the load sharing factor (method B1) {\,'\ e
Pmn Relative mean normal pitch O\Q\) —
Pyet Transverse base pitch of virtual cylindrical gear (method B1) ,\QJ mm
q Exponent in the Formula for lengthwise curvature factor @ —
R, Mean cone distance ) \(0. mm
Ript Relative mean back cone distance . O\ —
'eo Cutter radius <§< mm
Iya Relative mean virtual tip radius ‘\Q - —
T'ybn Relative mean virtual base radius kg\\ —
T'on Relative mean virtual pitch radius W< —
Smn Mean normal circular thickness ‘\\\} mm
Symn Relative virtual tooth thickness ;\Q)\ —
T, Nominal torque of pinion and wheel ..('\\\ Nm
u Gear ratio of bevel gear ﬁ\l;\" —
u, Gear ratio of virtual cylindrical gpdi{\\) —
Vet Tangential speed at outer end“(hc;\e'ﬂ of the reference cone m/s
Vetmax | |Maximum pitch line Veloc}g&\\operating pitch diameter m/s
Vit Tangential speed at mi@%width of the reference cone m/s
Xy Curvature factor ,,O : —
X Coordinates of t&\e?ds of the contact line mm
Y Combined t%@farm factor for generated gears —
Yis Load shg_\t@ﬁactor (bending) —
Y Runr@v?ﬁ allowance for pitch deviation related to the polished test piece pum
Ya R)(n?l?lg-in allowance for pitch deviation pum
Zys @.pz?d sharing factor (method B1) —
z Number of teeth —
z, Number of teeth of virtual cylindrical gear —
Zyn Number of teeth of virtual cylindrical gear in normal section —
Zy Auxiliary value mm
Z Number of blade groups of the cutter —
a, Adjusted pressure angle (method B2) °
@ep C Effective pressure angle for drive side/coast side °
Ayt Effective pressure angle in transverse section °
Aim Limit pressure angle °
®up.c Generated pressure angle for drive side/coast side °

4 © IS0 2023 - All rights reserved
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Table 1 (continued)
Symbol Description or term Unit
Ayt Effective pressure angle of virtual cylindrical gears calculated for the active flank °
By Inclination angle of contact line °
B Mean spiral angle °
By Helix angle of virtual gear (method B1), virtual spiral angle (method B2) °
B Helix angle at base circle of virtual cylindrical gear °
y Aucxiliary angle for length of contact line calculation (method B1) °
y' Projected auxiliary angle for length of contact line ad °
o Pitch angle of bevel gear c{V °
5, Face angle ,\~()/\I °
O¢ Root angle Y N °
EN Load sharing ratio for bending (method B2) Aoj\)v —
Eva Transverse contact ratio of virtual cylindrical gears ?\\) —
Evan Transverse contact ratio of virtual cylindrical gears in normal ;f;@on —
& Face contact ratio of virtual cylindrical gears g(\VJ —
&y Virtual contact ratio (method B1), modified contact rati?ﬁQEhod B2) —
n Auxiliary angle AO\ °
R Pinion offset angle in root plane \\\( °
Cn Pinion offset angle in axial plane ‘\0’\ °
Cmp Pinion offset angle in pitch plane X\O@ °
0., Angular pitch of virtual cylindrical wheely N rad
Uimp Aucxiliary angle for virtual facewidtg‘\‘ﬁgfethod B1) °
A Adjustment angle for contact angle)of hypoid gears (method B2) °
A Adjustment angle for virtual g)ﬁ-fz;l angle of hypoid gears (method B2) °
p Density of gear material C)\\v kg/mm3
Pao Cutter edge radius ¢ - mm
Pmp Lengthwise tooth@y§r{ radius of curvature mm
Prel Local equival’(_e\ng.ngaius of curvature vertical to the contact line mm
Pr Relative r?@be)of profile curvature between pinion and wheel (method B2) —
Pyao Relatiy\@ﬁg radius of tool —
p' Sli@e’r thickness mm
O lim Bv\vable stress number for contact stress N/mm?
Vo ~€ ead angle of face hobbing cutter °
g&‘(‘ Aucxiliary angle to determine the position of the pitch point °
@ Angular velocity rad/s
2 Shaft angle °

© IS0 2023 - All rights reserved 5
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Table 2 — General subscripts

Subscripts Description
0 Tool
1 Pinion
2 Wheel
A, B,B1,B2,C Value according to method A, B, B1, B2 or C
D Drive flank
C Coast flank
T Relative to standardized test gear dimensions
1), (2) Trials of interpolation

5 Application

5.1 Calc

5.1.1 Ge

ISO 10300
method is
certain fiel
methods A
is preferre

ISO 10300
For examp

For the ca
Annex B sh

5.1.2 Mg

Where suffficient experience from.-‘the operation of other, similar designs is available, satisfact

ulation methods

neral

(all parts) provides the procedures to predict load capacijty/of bevel gears. The most V|
ull-scale and full-load testing of a specific gear set design; However, at the design stage ¢
ds of application, some calculation methods are needed to predict load capacity. Theref
B and C are used in this document, while method A, ifits accuracy and reliability are pro
1 over method B, which in turn is preferred over méthod C.

(all parts) allows the use of mixed factor rating methods within method B1 or method
e, method B for dynamic factor K,z may be.used with method C face load factor Kyp_c.

culation of the virtual cylindrical gear:-geometry, Annex A shall apply for method B1
all apply for method B2.

thod A

guidance ¢
involved i

mathematical analysis of the transmission system under consideration, or from field experience. All g
and load data shall be kngwn for the use of this method, which shall be clearly described and preser
with all mathematical @nd test premises, boundary conditions and any specific characteristics off

An be obtained by the extrapolation of the associated test results or field data. The fac
this extrapolation‘may be evaluated by the precise measurement and comprehen

alid
rin
pre,
ren,

B2.

and

ory
[OT'S
Sive
fear
ted
the

method that influepeeithe result. The accuracy and the reliability of the method shall be demonstrafted.

Precision, [for example, shall be demonstrated through comparison with other, acknowledged ¢
measuremgents. The method should be approved by both the customer and the supplier.

fear

5.1.3 MethodB

Method B provides the calculation formulae to predict load capacity of bevel gears for which the
essential data are known. However, sufficient experience from the operation of other, similar designs is
needed in the evaluation of certain factors even in this method. The validity of these evaluations for the
given operating conditions shall be checked.

5.1.4 MethodC

Where suitable test results or field experience from similar designs are unavailable for use in the

evaluation

of certain factors, a further simplified calculation method, method C, should be used.
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5.2 Safety factors

The allowable probability of failure shall be carefully weighed when choosing a safety factor, in
balancing reliability against cost. If the performance of the gears can be accurately appraised by testing
the unit itself under actual load conditions, lower safety factors are allowed. The safety factors shall be
determined by dividing the calculated permissible stress by the specific evaluated operating stress.

In addition to this general requirement and the special requirements relating to surface durability
(macropitting) and tooth root strength (see ISO 10300-2 and ISO 10300-3, respectively), safety factors
shall be determined only after careful consideration of the reliability of the material data and of the
load values used for calculation. The allowable stress numbers used for calculation are valid for a given
propability of failure, or damage (the material values in ISO 6336-5, for example, are valid for a 1 %
propability of damage), the risk of damage being reduced as the safety factors are increased, and vice
versa. If loads, or the response of the system to vibration, are estimated rather than measurgd, a larger
factor of safety should be used.

The following deviations shall also be taken into consideration in the determination of a safgty factor:
— |deviations in gear geometry due to manufacturing;
— |deviations in alignment of gear members;

— |variations in material due to process variations in chemistry, cleanliness and micrjostructure
(material quality and heat treatment);

— |variations in lubrication and its maintenance over the'service life of the gears.

The appropriateness of the safety factors will thus dépend on the reliability of the assumptions, such
as those related to load, on which the calculations are based, as well as on the reliability reqyiired of the
geal's themselves, in respect of the possible consequences of any damage that can occur in|the case of
failyire.

Supplied gears or assembled gear drives should have a minimum safety factor for contact sfress Sy i,
of 1,0. The minimum bending stress ydlue S, ;, should be 1,3 for spiral bevel including hypoid gears,
and 1,5 for straight bevel gears or those with 5, < 5°.

Thg minimum safety factors ‘against macropitting damage and tooth breakage should |be agreed
beteen the supplier and customer.

5.3| Rating factors

5.3]1 Testing

Thg most effegtive overall approach to gear system performance management is through the full-scale,
fulltload testing of a proposed new design. Alternatively, where sufficient experience of similar designs
exijts-and results are available, a satisfactory solution may be obtained through extrapojation from
such data. On the other hand, where suitable test results or field data are not available, rqting factor
values should be chosen conservatively.

5.3.2 Manufacturing tolerances

Rating factors should be evaluated based on the acceptable quality limits of the expected variation of
parts in the manufacturing process. The accuracy grade, B, shall be determined, preferably as specified
in ISO 17485, e.g. single pitch deviation for calculating the dynamic factor K, .

©1S0 2023 - All rights reserved 7
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5.3.3

Implied accuracy

Where the empirical values for rating factors are given by curves, this document provides curve fitting
equations to facilitate computer programming.

NOTE

implied by the reliability of the empirical data.

5.4 Further factors to be considered

541 G

The constants and coefficients used in curve fitting often have significant digits in excess of those

In additioy
other inter
Their poss

54.2 Lu

The rating
teeth are ¢
surface fin
and mainta

54.3 Mi
Many gear
of the gea
during op
performan

5.4.4 De

Deflection
thrust load
obtain goo

driving eqyiipment reduces capacity,and this, as well as deflection caused by internal forces, shoul

taken into

5.4.5 Mg

Most beve
materials
Additional
and tensilg
numbers.

NOTE

1
il dl

to the factors considered that influence macropitting resistance and bending strén
related system factors can have an important effect on overall transmission perferma
ble effect on the calculations should be considered.

brication

5 determined by the formulae of ISO 10300-2 and ISO 10300-3 shall'be valid only if the ¢
perated with a lubricant of proper viscosity and additive package/for the load, speed
sh, and if there is a sufficient quantity of lubricant on the gear teeth and bearings to lubri
in an acceptable operating temperature.

salignment

' mesh. If these supports are poorly designedyinitially misaligned or become misalig]
bration due to elastic or thermal deflectiohis or other influences, overall gear sys
ce will be adversely affected.

flection

of gear supporting housings, shafts and bearings due to external overhung, transverse
s affects tooth contact across the mesh. Since deflection varies with load, it is difficu
H tooth contact at differentleads. Generally, deflection due to external loads from driven

hccount when determining the actual gear tooth contact.

terials and metallurgy

gears areqmade from case-hardened steel. Allowable stress numbers for this and of
hall be taken from gear tests, from special tests or, if the material is similar, from [SO 633

strength as well as the quality grade shall also be criteria for choosing permissible st

E

oth,
nce.

fear
and
Cate

systems depend on external supports such as machinery foundations to maintain alignnjent

ned
fem

and
to
nd
be

her
H-5.

y, different modes of steel making and heat treatment are considered in ISO 6336-5. Hardiess

€SS

indicate lower allowable stress numbers (see ISO 6336-5).

5.4.6 Re

sidual stress

Higher quality steel grades indicate higher allowable stress numbers, while lower quality grades

Any ferrous material having a case core relationship is likely to have residual stress. If properly
managed, such stress will be compressive at the tooth surface, thereby enhancing the bending fatigue
strength of the gear tooth. Shot peening, case carburizing and induction hardening, if properly
performed, are common methods of inducing compressive pre-stress in the surface of the gear teeth.
Improper grinding techniques after heat treatment can reduce the residual compressive stresses or
even introduce residual tensile stresses in the root fillets of the teeth, thereby lowering the allowable
stress numbers.
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5.4.7 System dynamics

The method of analysis used in this document includes a dynamic factor, K, which derates the gears for
increased loads caused by gear tooth inaccuracies. Generally speaking, this provides simplified values
for easy application.

The dynamic response of the system results in additional gear tooth loads, due to the relative motions of
the connected masses of the driver and the driven equipment. The application factor, K, is intended to
account for the operating characteristics of the driving and driven equipment. It should be recognized,
however, that if the operating roughness of the drive, gearbox or driven equipment causes excitation
with a frequency that is near one of the system’s major natural frequencies, resonant vibrations can
caupe severe overloads possibly several times higher than the nominal load. Therefore, where critical
seryice applications are concerned, a vibration analysis of the complete system should' be performed.
Thip analysis shall comprise the total system, including driver, gearbox, driven equipment{ couplings,
moyinting conditions and sources of excitation. Natural frequencies, mode shapes and thHe dynamic
response amplitudes should be calculated.

5.4/8 Contact pattern

The

ma
res
oth
the

The
pro

teeth of most bevel gears are crowned in both their profile and lengthwise directions
ufacturing process in order to allow for deflection of the shafts and mountings. Thij
Its in a localized contact pattern during roll testing under light loads. Under design 1
brwise specified, the tooth contact pattern is spread over the‘tooth flank without concer
pattern at the edges of either gear member.

application of the rating formulae to bevel gears mranufactured under conditions in
Cess has not been carried out and which do notdave an adequate contact pattern, ¢

modlifications of the factors given in this document. Such gears are not covered by ISO 10300

NO'I
Ann

5.4

Cor
and|
teet

5.5

Thd
or b

In ¢

E
ex

for a fuller explanation of tooth contactdevelopment).

9 Corrosion

Fosion of the gear tooth surface can have a significant detrimental effect on the bendiq
macropitting resistance pf\the teeth. However, the quantification of the effect of corros
h is beyond the range of 1SO 10300 (all parts).

Further influence factors in the basic formulae

basic formulae.presented in ISO 10300-2 and ISO 10300-3 include factors reflecting gea
eing established by convention, which shall be calculated in accordance with their formy

he forfitulae in ISO 10300 (all parts), there are also factors that reflect the effects of v4

ufdcturing and service conditions of the unit. These are known as influence factors be

during the

crowning
bad, unless
trations of

which this
an require
(all parts).

The total load used for contact pattern analysis can include the effects of an application factor (see

g strength
on on gear

' geometry
lae.

riations in
cause they

ma
acctunt for a number of influences. Although treated as independent, they can neverthelessjaffect each
other to an extent that is beyond evaluation. They include the load factors, Ky, K, K5, Kpp Ko and Kgg,

as well as those factors influencing permissible stresses.

There are various methods of calculation to determine the influence factors. These are qualified, as
needed, by the addition of subscripts A to C to the symbols. Unless otherwise specified (for example
in an application standard), the more accurate method should be used for important transmissions.
Supplementary subscripts should be used whenever the method used for evaluation of a factor would
not otherwise be readily identifiable.

For some applications, it can be necessary to choose between factors determined by using alternative
methods (for example, alternatives for the determination of the dynamic factor or the transverse
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load factor). When reporting the calculation, the method used should be indicated by extending the

subscript.

EXAMPLE

KV-C’ KHa—B

6 External force and application factor, K,

6.1 Nominal tangential force, torque, power

For the purposes of ISO 10300 (all parts), pinion torque is used in the basic stress calculation formulae.
In order to|determine the bending moment on the tooth, or the force on the tooth surface, the tangertial
force is calfulated, at the reference cone at mid-facewidth, following Formulae (1) to (5):
Nominal tgngential force of bevel gears, F;:
2000-T; 5
Fot12f——" 1)
dmn12
Nominal tgngential force of virtual cylindrical gears, F,, .
cosf3
Fomt =lFmt1 — (2)
€05 By
Nominal tdrque of pinion and wheel, T:
Foe12-d 1000-P 9549-P
T, , = mt1,2 ' 9m12 _1000-P 95 3)
2000 wl'z nllz
Nominal ppwer, P:
F, v T, @ T, -n
p— mfl,2 “mtl,2 _ 1,2 %1,2 - 1,2 71,2 (4)
1000 1000 9549

Nominal tgngential speed at mean pointywv,:

) | dm12 @12 dmi2 M, )

M2 2000 19.098
6.2 Varipble load conditions
If the load| is not uniform, a careful analysis of the gear loads should be carried out, in which|the
d internal factors are considered. All the different loads that occur during the anticipgted

life of the gears,\and the duration of each load, should be determined. A method based on Miner’s

external a;

(see ISO 6336<6) shall be used for determining the equivalent life of the gears for the torque spectr

|

6.3 Application factor, K,

6.3.1 Application factor — General

ule
m.

In cases where no reliable experiences, or load spectra determined by practical measurement or
comprehensive system analysis, are available, the calculation should use the nominal tangential force

F

m
externally

10

applied dynamic loads in excess of the nominal pinion torque, Tj.
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2 Influences affecting external dynamic loads

Many prime movers show peak loads. There are many possible sources of dynamic overload which
should be considered, including:

system vibration;
critical speed;
acceleration torques;

overspeed:
P >

Andg
are
the

6.3

Apq

appllication. For applications such as marine gears, which are subjected to cyclic peak torque

vibi
cyc
poy)

If the gear is subjected to a limited numbér-of loads in excess of the amount of cyclic peak

infl

application factor representing the influence of the load spectrum.

If s¢
pro

7

7.1

The
as v
too

sudden variations in system operation;
braking;

negative torques, such as those produced by retarders on vehicles, which Tesult in 1
reverse flanks of the gear teeth.

lysis for critical speeds within the operating range of the drive train is essential. If crit
present, changes in the design of the overall drive system shall be.made in order to eithe
M or provide system damping to minimize gear and shaft vibrations.

3 Establishment of application factors
lication factors are best established by a thorough analysis of service experience with 3
ations) and are designed for infinite life, the application factor can be defined as the rat

ic peak torque and the nominal rated torque: The nominal rated torque is defined by
fer and speed.

llence may be covered directly by means of cumulative fatigue analysis or by means of a

vides approximate values(of K, if neither of these alternatives is possible.

Dynamic facter; K,

General

dynamicfactor, K, makes allowance for the effects of gear tooth quality related to spegq
vell as-for the other parameters listed below (see 7.2 to 7.6). The dynamic factor relate
hdoad, including internal dynamic effects, to the transmitted tangential tooth load and i

pading the

cal speeds
r eliminate

particular
b (torsional
o between
' the rated

rque, this

:Ilo
increased

rvice experience is unavailable, a thorough analytical investigation should be carried ofit. Annex C

d and load
s the total
expressed

as

e<sum-ofthe internal effected dynnmir load and the transmitted fnngnnfin] tooth ]nnr]’

divided by

the transmitted tangential tooth load. The parameters for the gear tooth internal dynamic load fall into
two categories: design and manufacturing.

7.2

Design

The design parameters include:

pitch line velocity;
tooth load;

inertia and stiffness of the rotating elements;

© IS0 2023 - All rights reserved
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tooth stiffness variation;

lubricant properties;

stiffness of bearings and case structure;

critical speeds and internal vibration within the gear itself.

7.3 Manufacturing

The manufacturing parameters include:

7.4 Transmission error

tooth g
runouf

tooth f

compaltibility of mating gear tooth elements;

baland

bearinlg fit and preload.

Dynamnpic unbalance of the gears and shafts.

pacing variations;
of pitch surfaces with respect to the axis of rotation;

lank variations;

e of parts;

p input torque and speed are constant, significant<vibration of the gear masses and
ynamic tooth forces can exist. These forces resultfrom the relative displacements betw
gears as they vibrate in response to an excitation known as transmission error. The i
of a gear pair require a constant ratio between the input and output. Transmission e
s the deviation from uniform relative angular motion of the pair of meshing gears.

and the operational conditions. The gperational conditions include the following:
ne velocity: the frequencies of thejexcitation depend on the pitch line velocity and modu

hesh stiffness variations: as\the gear teeth pass through the meshing cycle, gear n
5s variations are a source_of excitation especially pronounced in straight and Zerol b
Spiral bevel gears with a-total contact ratio > 2 have less stiffness variation.

hitted tooth load:sin’ce deflections are load dependent, gear tooth profile modifications
igned to give unitéorm velocity ratio only for one load magnitude. Loads different from
load increasethe transmission error.

htioh énvironment: excessive wear and plastic deformation of the gear tooth profiles incre

by all deviations from the ideal gear toath form of the actual gear design, the manufactur

the
een
Heal
‘ror
tis
ing

—

e.

esh
bvel
can

the

ase

nsmission error. Gears shall have a properly designed lubrication system, enclosure,

and

seals to maintain a safe operating temperature and an environment free of contamination.

Shaft alignment: gear tooth alignment is influenced by load and thermal deformations of gears,

Even if th{
resultant d
the mating
kinematicg
is defined
influenced
procedure
a) Pitchl
b) Gear 1
stiffne
gears.
c) Transr
be des
design
d)
e) Applic
the tra
f)
shafts,
g)

bearings and housings.

Tooth friction induced excitation.

7.5 Dynamic response

The effects of dynamic tooth forces are influenced by the following:

— mass of the gears, shafts and other major internal components;

— stiffness of the gear teeth, gear blanks, shafts, bearings and housings;

12
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— damping, of which the principal sources are the shaft bearings and seals, with other sources
including the hysteresis of the gear shafts, viscous damping at sliding interfaces and couplings.

7.6 Resonance

7.6.1 General

When an excitation frequency (e.g. tooth meshing frequency, multiples of tooth meshing frequencies)
coincides, or nearly coincides, with a natural frequency of the gearing system, a resonant vibration
can cause high dynamic tooth loading. When the magnitude of internal dynamic load at such a driving

spepd becomes large, operation in this speed range should be avoided.

7.6J2 Gear blank resonance

The gearbox is just one component of a system comprising power source, gearbox, driven
interconnecting shafts and couplings. The dynamic response of thisisystem depe
configuration. In certain cases, a system can possess a natural frequeney close to the
frequency associated with an operating speed. Under such resonant conditions, its operati
car¢fully evaluated. For critical drives, a detailed analysis of the entire System should be

Thip should be taken into account when determining the effects orkthe application factor a
exteérnal loads for the toothing.

7.7| Calculation methods for K,

7.7[1 General comments

A bgvel gear drive is a very complicated vibrationtsystem. The dynamic system as well as
frequencies which induce dynamic tooth loading cannot be determined by consideration off

equipment
nds on its
excitation
pn shall be
berformed.
s these are

he natural
the pair of

geafs alone. The pinion shaft alignment can,ehange considerably depending on the craftsmarnship of the

ass¢mbly, the backlash and the elastic deformation of gear shafts, bearings or housing.

A slight change in alignment altersthe relative rotation angle of the gearing and thus th
loading on the gears. Crowning in the lengthwise and profile directions can preclude true
action and make tooth accuracy-difficult to determine.

e dynamic
conjugate

Under such circumstances,_reliable values of the dynamic factor, K, can best be predicted by a

mathematical model which has been satisfactorily verified by test measurements. If the know
loads are added to the.hieminal transmitted load, then the dynamic factor should be set to ur

To determine K sseveral methods are indicated in descending order of precision, from meth
to

ethod C (Kj¢).

m dynamic
ity.
od A (K,.)

When usifigimethod B or C for hypoid gears which have a relative hypoid offset a,,; > 0,1, t

e dynamic

factor is assumed to have the value 1 because of the damping properties of the sliding conditions in

NOTE This method is applicable to positive as well as to negative offset values. Only the absolute
offset is considered in Formula (7).

The dynamic factor, K, is calculated according to Formula (6):

*

value of the

« K, -
K, =K, ————ay 21 (6)
with K:; =K, _g according to 7.7.3 or K‘t =K,_¢ according to 7.7.4;
2|al
Are] =—— (7)
re dm2
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7.7.2 MethodA K, ,

K

A%

following general procedures:

_a is determined by a comprehensive analysis, confirmed by experience of similar designs, using the

a) a mathematical model of the vibration system is developed which refers to the entire power
transmission, including the gearbox;

b)

simulation programme for transmission error of bevel gears;

the d
excite

c)

7.7.3 Mg

7.7.3.1 (

This meth
mass and S
being the

torsional v
masses (ap
gears with

The amour
the flank fq
an involutg
single fla

n
gear set sl'r(()uld be checked accordingly if proper equipment is available. On the other hand, the pjitch

deviations
the single
dynamic fq

The follow

a)
b) mass
c) tooth s

9 .

cﬂ by the transmission error, b).

thod B, K,

feneral

bd makes the simplifying assumption that the gear pair constitutes\an elementary sii

mesh stiffness of the contacting teeth. In accordance with thi§ assumption, forces du
ibrations of the shafts and coupled masses are not covered by*K,_g. This is realistic if of
art from the gear pair) are connected by shafts of relativelylow torsional stiffness. For b

t of the dynamic overloads is, among other effects, &function of the accuracy of the gear
rm and pitch deviations. The flank form deviation(f bevel gears is not as easy to measur
form of cylindrical gears (see ISO/TR 10064-6[20), and ISO tolerances do not exist. Howg

composite tolerances are specified in 1SO17485 and the transmission error of a b

can be measured relatively easily. So, in¢hese cases, the simplifying assumption is made
bitch deviation is a representative valué of the transmission error for determination of
ctor.

ng data are needed for the calculation of K|, g:

accuracy of gear pair (single pitch/deviation as specified in ISO 17485);

noment of inertia of pinion and wheel (dimensions and material density);

tiffness;

d) transnpitted tangential load.

significant lateral shaft flexibility, the real natural frequency will be less than calculated.

the transmission error of the bevel gears under load is measured, or calculated by a reliable

a),

ngle

pring system comprising the combined masses of pinion and wheel, Wwith a spring stiffiiess

b to
her
bvel

i.e.
e as
ver,
bvel

that
the

7.7.3.2 Ypeed-ranges
The dimengianless reference speed is calculated according to Formula (8):
n
N=—L
Ngq

where ng; is the pinion resonance speed according to 7.7.3.3.

(8)

Because of the influence of stiffness values which are not included (for example those of shafts, bearings,
housing), and because of the damping, the resonance speed can be above or below the speed calculated
with Formula (9). For reasons of safety, a resonance sector of 0,75 < N < 1,25 is defined.

This result

s in the following sectors for the calculation of K|, g:

— subcritical sector, N < 0,75, determined by method A or B;

14
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— mainresonance sector, 0,75 <N < 1,25, operation in this sector should be avoided, but if unavoidable,
refined analysis by method A shall be carried out;

— intermediate sector, 1,25 < N < 1,5, determined by method A or B;
— supercritical sector, N = 1,5, determined by method A or B.

See I1SO 6336-1 for further information on the speed ranges.

7.7.3.3 Resonance speed

TheTesonance speed of pinion 1s derived by using Formulae (9] to [13]:

30-10° | ¢,

T-zq Myed

where ¢, is the mean value of mesh stiffness [see Formula (11)];

* *
my -mp
Mred =5« (10)
mq +my

Mm_.q isthe mass per millimetre facewidth reduced to the lin€ofaction of the dynamicallyjequivalent
cylindrical gear pair.

A value of ¢,y = 20 N/(mm-um) applies to spur gears. htvestigations of helical gears have $hown that
the|stiffness decreases with increasing helix angles?On the other hand, the spiral arrajpgement of
bevel gear teeth around a conical blank leads to higher rigidity of bevel gears, except strpight bevel
geafs. Therefore, due to the lack of any better knowledge, the stiffness for a spur gear is dssumed to
be guitable for bevel gears in average conditions which are given by F ;. -+ Kz/b ¢ = 100 N/mm and
b, /b, = 0,85.

v,e

The mean value of mesh stiffness per.ufit facewidth, c, is determined by Formula (11):

where
¢, Ismesh stiffriess for average conditions; a value of 20 N/(mm-um) should be used;

Cr  isacorrection factor of tooth stiffness for non-average conditions:

if Flpe Ko /Dy e 100N /mm:

mt

Cp =1 (12)
if Fypye Kp /by off <100N/mm:

CF =(vat 'KA /bv,eff)/loo N/mm (13)

b, o is the effective facewidth of the virtual cylindrical gear. The effective facewidth b, . is the real
length of contact pattern (see Annex D). In the case of full load, the contact pattern typically has a
minimum length of 85 % of facewidth b,. If it is not possible to obtain information of contact pattern
length under load conditions, b, ¢ = 0,85 b, should be used.

v,ef’

If an exact determination of the mass moments of inertia mI and m; of the bevel gears is either not
feasible due to cost or otherwise impossible (for example, at the design stage), bevel gears of common
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gear blank design should be replaced by approximate dynamically equivalent cylindrical gears (suffix x)
(see Figure 2).

Figure 2 -

Relative g

Formula (1
my =

where p is

dm1

— Approximate dynamically equivalent'cylindrical gears for the determination of the

dynamic factor of bevel géars including hypoid gears

bar mass per unit facewidth feduced to the line of action is calculated according to

4):

*
mlx,Zx =

the density of the-gear material (for steel p = 7,86 - 1076 kg/mm3).

1
_.p.Tc

8

5
Ay 2

cos2{{oipp +tnc ) /2]

14)

16
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7.7.3.4 Subcritical sector (N < 0,75)
Common operating range for industrial and vehicle gears:

K, g=N-K+1 (15)

With the simplifying assumptions given in 7.7.3.1, Formula (16) applies:

b, - fy o C
v " Jp,eff
K= Cv12t6us (16)
vmt A
whgre
fp,eff:fpt ~Vp with Yp=Va 17)
See|Formula (18) for ¢’; Table 3 for ¢, , and ¢, 3; see 9.3.1 for f, and 9.5 for y,,.
NOTE Any positive influence of tip relief or profile crowning is not considered: The calculation i, therefore,
on the safe side for bevel gears which normally have profile crowning.
Table 3 — Influence factors c, to ¢, in Formula€.(16) to (19) and (21)
Influence factor l<g, <22 £,y > 22 —
0,32
corP 0,32
0,57 Cy1,2 =Cyq +Cy2
¢ 0,34 B\
‘vz £y, 20,3
0,096
d
Cv3 0,23 €yy —1,56
Coyt 0,90 0,57—0,05-8‘,7,
Eyy — 1,44
0,47
Cysf 0,47
¢ 0,12 Cy5,6 =Cvq TCyg
Cye 0,47 D —
M Eyy — 1,74
- I <&y < 1,5 1,5 <evy52,5 svy>2,5
c,78 0,75 0,125-sin[ 7 (g,, —2)]+0,875 1,0
a For¢,,, see, Formula (A.25) according to method B1 or Formula (B.25) according to method B2.
b This.influence factor allows for pitch deviation effects and is assumed to be constant.
¢ This influence factor allows for tooth profile deviation effects.
d T:l;b iuf}ucubc fclLtUl a“uvvo fUl IL.:IC Ly\.lib vdal ;dtiUll Uff\:\.t ill llle}l Dtiffllcbb-
e This influence factor takes into account resonant torsional oscillations of the gear pair, excited by cyclic variation of
the mesh stiffness.
f In the supercritical sector, the influences on K, of the influence factors ¢, and c, 4 correspond to those of ¢,y and ¢,
in the subcritical sector.
g This influence factor takes into account the component of force which, due to mesh stiffness variation, is derived from
tooth bending deflections during substantially constant speed.

A value of ¢y’ = 14 N/(mm - pm) applies to spur gears. Investigations of helical gears have shown that
the tooth stiffness decreases with increasing helix angles. On the other hand, the spiral arrangement
of bevel gear teeth around a conical blank leads to higher rigidity of bevel gears, except straight bevel
gears. Therefore, due to the lack of any better knowledge, the tooth stiffness for a spur gear is assumed
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to be suitable for bevel gears in average conditions which are given by F,, . - K5/b, o¢r =2 100 N/mm and
by ete/by, 2 0,85.

The single stiffness, ¢’, see ISO 6336-1,[1] is determined as shown in Formula (18):
c’=cy-Cg (18)
where

co issingle stiffness for average conditions, a value of 14 N/(mm - pm) should be used;

Cr i acorrection factor for non-average conditions [see Formulae (12) and (13)].

7.7.3.5 Main resonance sector (0,75 <N < 1,25)

With the simplifying assumptions given in 7.7.3.1, Formula (19) applies:

bv 'fp,eff e
Fomi K a

vmt

K, g3 Cy12TCys+1 19)

For ¢, , arfd ¢, see Table 3.

7.7.3.6 Intermediate sector (1,25 <N < 1,5)

In the inteymediate sector, the dynamic factor is determined by’ linear interpolation between K J; at
N=1,25and K, g at N = 1,5. K, g is calculated according to.Z%3.4 and 7.7.3.5, respectively accordinfg to

Formula (20):

Ky _p(N=1,25) ~Ky-B(N=15)
0,25

Ky B 9Ky BN=1,5) (1,5-N) 20)

7.7.3.7 Supercritical sector (N = 1,5)

High-speed gears and those with similarrequirements operate in the supercritical sector, Formula (21)
applies:

by - fpett -’
KV—B:p—"CV56+CV7 +1 21)
Fymt K
For ¢’ and j, ¢, see Z.7.33; for ¢,5 c and ¢,7, see Table 3.

7.7.4 Mdthod GK,

7.7.4.1 eneral comments

The formulae for the calculation of the dynamic factor should be used in the absence of specific
knowledge of the dynamic loads. Formulae (22) to (27) are based on empirical data, and do not account
for resonance (see 7.6).

Because of the approximate nature of the empirical formulation, and the lack of measured tolerance
values at the design stage, the dynamic factor curve should be selected based on experience of
manufacturing methods and taking into account the operating conditions affecting the design
(see 7.7.1). In most cases, the contact pattern on the tooth flank is helpful for comparison with previous
experience.

The choice of the accuracy grade B =5 to B = 8, which is considered in the empirical formulation of the
dynamic factor, and “very accurate gearing” (see 7.7.4.2), should be based on the transmission error (see

18 © IS0 2023 - All rights reserved
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7.4). If transmission error is not available, it is reasonable to refer to the contact pattern on the tooth
flank. If the contact pattern on each tooth flank is not uniform, pitch accuracy (single pitch deviation)

can

7.7

be incorporated as a representative value to determine the dynamic factor.

4.2 Very accurate gearing

Where gearing is manufactured using process control to very accurate gearing grades (generally
speaking, when B < 5 in accordance with ISO 17485, or where design, manufacturing and application
experience ensure a low transmission error), values of K, between 1,0 and 1,1 may be used, depending
on the specifier’s experience with similar apphcatlons and the degree of accuracy actually achieved. In

ord
and|

7.7
The
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adequate lubrication so that its overall accuracy is maintained under the operating ¢ong

4.3 Empirical curves

5<B<8
6<z<1200o0r(3000/m,,), whichever is less
<50

mn —

1,25<m

ond the given maximum recommended wheel pitch linewelocity v, .« as shown in Fol
given empirical formulations may be extrapolated baséed on experience and careful consi
factors influencing dynamic load.

dynamic factor, K,_¢ is calculated according to Kormulae (22) to (26):

—-X
Koo A
Y| A+4200v,,,

bre
deZ

Vero =V - ——
et2 mt2
dmZ

A=50+56-(1,0-X)
X =0,25-(B~4,0)"°¢7

B is:the ISO accuracy grade as specified in ISO 17485, intended for the actual gear se

following empirical formulae are generated with the following limitations-for values of H,

alignment
itions.

such that:

mula (27),

deration of

(22)

(23)

(24)

(25)

The

acouracy grade B may also be calculated with knowledge of the single pitch deviation:

B=4+2,88539-In Jot
0,003-dy +0,3-m,, +5

where

©IS

In is the natural logarithmic function, i.e. log,();
dr  isthe tolerance diameter according to ISO 17485;

m is the mean normal module;

mn

for  is the single pitch deviation (at mean point), in micrometres.

02023 - All rights reserved
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The maximum recommended pitch line velocity, v,

follows:

Vet2, max =

where vy,

second.

8 Face

t2,max’

[A+(13-B)]?
200

max 1S the maximum wheel pitch line velocity at the outer pitch diameter in metres

asrdfactorc

for a given accuracy grade B is determined as

(27)

per

8.1 Gen

The face lo
reflect the

Kyp is defi
facewidth.

Kgpis defi
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alignn
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Hertzi
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shafts

centrif
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magnitude
contact. Si
position of]

UVdudu 1IAaLvivvlLI I KHﬁ Kbﬁ
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bral comments

ad factors, Ky p and Kgp, modify the rating formulae for the gear flank and for the‘tooth rog
non-uniform distribution of the load along the facewidth.

hed as the ratio between the maximum load per unit facewidth and thesmean load per

rlled as the ratio between the maximum tooth root stress and the-mean tooth root stress al

th.

t of non-uniform load distribution is influenced by:

oth manufacturing accuracy, and tooth contact pattern and spacing;
ent of the gears in their mountings;

deflections of the gear teeth, shafts, bearings, housings and foundations, which support]
hit, resulting from either the internal or external gear loads;

bearinlg clearances;

hn contact deformation of the tooth surfaces;

Wl expansion and distortien®of the gear unit due to operating temperatures (especi
ant on gear units wherg¢ the gear housing is made from a different material than the ge
and bearings);

ugal deflectionscdué to operating speeds.

btric characteristics of a bevel gear tooth change along its facewidth. Accordingly,
5 of the axial'and radial components of the tangential load vary with the position of the tc
milarly,-the deflections of the mountings and of the tooth itself vary, and in turn affect
thetooth contact and its size and shape.

tto

1nit

ong

the

ally
ars,

the
oth
the

”

at

For applic

tions in which the operating tarque varies the desired caontact shall he considered “idea

full load only. For intermediate loads, a satisfactory compromise should be accepted.

This document is not applicable to bevel gears which have a poor contact pattern (see 5.4.8 and

Annex D).

8.2 Method A

A comprehensive analysis of all influence factors, such as measurement of tooth root stress in service, is
needed for an exact determination of the load distribution across the facewidth according to method A.
However, due to its high cost, this type of analysis is generally restricted in practice.

20

© IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=34114d473f8748d7e46186785c7cc8bc

ISO 10300-1:2023(E)

8.3 Method B

A standardized approach for bevel gear face load factors corresponding to method B has not yet been
developed. However, face load distribution can be determined on the basis of a loaded tooth contact
analysis (LTCA).

8.4 Method C

8.4.1 Faceload factor, Ky ¢

of the gear
teeth and by the deflections occurring in service. This is considered in the calculation of the length of
thefcontactline (see Annex A) as well as in the calculation of the load distribution (see }S@10300-2:2023,
Figiire 2), which applies, however, only to gear sets with satisfactory contact patterns as|defined in
Annex D.

Theg influence of the deflections, and thus of the bearing arrangement, is accounted for by th¢ mounting
factjor, KHﬁ_be, according to Table 4.

Thd face load factor, KH[%—C' is calculated according to Formula (28):
KHﬁ—C :1'5'KHﬂ—be (28)
NOTE Formula (28) is not valid for uncrowned gears.

Table 4 — Mounting'factor, K5,

Verification of contact pattern Mounting conditions of pinion and wheel
. Neithermember One member Both mgmbers
Contact pattern is checked . . :

cantiléver mounted cantilever mounted cantileverl mounted

for each gear set in its housing 1,00 1,00 1,00

under full load
for each gear set under light 1,05 110 135
test load
fof a sample gear set and estitmated 1,20 1,32 1.$0
for full load

NOTE Based on optimumdeoth contact as evidenced by results of a contact pattern test on the gears in their rhountings.

The observed cofitact pattern is normally an accumulated picture of each possible [tooth pair
conjbination. Férmula (28) is valid only if the movement of the tooth contact pattern, fluring one
revplution of~the wheel, either towards the heel or toe, is small. Otherwise, the small¢st contact
pattern sheuld be taken for the determination of b, ¢ This movement of single contact patt¢rns can be
parficudarly pronounced for gears finished by lapping only.

8.4.2 Localface load factor, Kj;5y

For the localized calculation methods according to ISO/TS 10300-20 and ISO 10300-2:2023, Annex A,
the local face load factor, KHB’Y, for contact stress shall be calculated with Formulae (29) to (31).

KHﬂ,YzKHﬁ'Iil_(bY'ZY)a} (29)

with auxiliary values

2 2
by eff X1y tX2y g YiytJVzy
ZY:\/[ V'ze - > - + gvaZ__;a +9y ————— > - (30)
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1 2

a= ; Y:—
KHﬂ_l Ib,Y

(31

where Ky is the face load factor.

The local geometry data shall be calculated according to the given calculation method in Annex A.

8.4.3 Face load factor, Kp;

Kps.c accounts for the effect of the load distribution across the facewidth on the tooth root stress and is
calculated pecording toFormua{323:

Krpg c FKup—c /Kro 32)

For Ky seq 8.4.1; K see 8.4.4.

8.4.4 Lepgthwise curvature factor for bending strength, K,

The lengthwise curvature factor, Ky, considers the contact pattern shift undéer,different loads whigh is
smallest, if the lengthwise tooth curvature at the mean point correspondsito‘that of an involute cufve.
This effectis well known and depends on the cutter radius r,, and the spiral angle f,,.

The follow|ng two cases shall be considered.

a) For straight and Zerol bevel gears as well as spiral bevel gears with large cutter radii (r.q > R},2),

Formulla (33) applies:

b) For other spiral bevel and hypoid gears, Formula (34) applies:

q
KFO=0,211-(pLB] +0,789 34)

m2

where

Pmp I the lengthwise tooth/mean radius of curvature;

R ils mean cone distance of the wheel.

m2
g D279
1g($in Biy2)

The lengthlwise tooth mean radius of curvature, p,s, (see ISO 23509) is calculated using Formula (36)
to (39):

— for face milled gears:

35)

Pmp =Tco (36)
— for face hobbed gears:
tanmny
=R, -COS -| tan + 37
Pmp = m2 Pm2 [ Pm2 1+tanvy - (tan B, +tann )} (37)
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where
m.. -z
vy =arcsin| —n_~0 (38)
2T
R, -cos Z
1, =arccos m2 Prnz -(1+—0-sin52] (39)
2 2 .
Ring +7c0 =2 Rz oo -Sin(Bryz —vo ) 2

The range of validity of face load factor, Ky, is limited.

If te calculated value of K, > 1,15 set K = 1,1I5; if the calculated value of K, < 1,00 set Kg|= 1,0.

9 |Transverse load factors, Ky, Kg,,

9.1 General comments

The distribution of the total tangential force over several pairs of meshing teeth depends, in|the case of
givgn gear dimensions, on the gear accuracy and the amount of the total;tangential force.

The factor Ky, accounts for the effect of the load distribution on the‘contact stress, while K, accounts
for the effect of the load distribution on the tooth root stress (se&1S0 6336-11 for further information).
The use of method A requires comprehensive analysis (see 9.2),whereas the methods of appfoximation
B anpd C (see 9.3 and 9.4) are sufficiently accurate in most cases.

When using methods B or C, the transverse load facters for gears with small offset are interpolated
betveen the value for non-offset bevel gears and 1‘The value 1 is assumed to be a realist|c value for
hyploid gears with a typical amount of offset (seetA7.1) because the running-in effect adaptq the flanks
under load.

For[method B, K;Ia or K;a shall be calculated according to 9.3.

Formethod C, K:{a or K;a shall be{dgerived from Table 5.

Trapsverse load factors, Ky, Kgz'Shall be calculated according to Formulae (40) and (41):

*

KHa”

" 1
Kho =Kro =Ko = U1 21 (40)

)

NOTE If Kyo/ Ko ¥ 1 then Ky, /Kg, are set to 1.

with K}*{a :K;a_B according to 9.3 or K;a :K:{a—c according to 9.4;

2*|al
Ure]' d
m2

(41)

When using method B for the calculation of the transverse load factors (see 9.3), the following boundary
conditions shall be considered:

For method B1, Formulae (42) and (43) apply:

2
1<Kyq <€yy /(£ve - ZLs) (42)
1<Kgy < Evy /(gva Yis ) (43)

with Z; g and Y; g as specified in 6.4.2 of ISO 10300-2:2023 and 6.4.5 of ISO 10300-3:2023.
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For method B2, Formulae (44) and (45) apply:

1<Kygy S€yy /(Eyq Ent)

1<Kp,

SSvy /(Sva 'SN)

(44)

(45)

with &y; and &y as specified in 7.4.2.3 of ISO 10300-2:2023 and 7.4.4.3 and 7.4.5.2 of ISO 10300-3:2023.

If the calculated value Ky, or rather Kg, exceeds one of both limits, Ky, or rather K, is set to the

respective

limit value.

With these
pair of teef
accuracy o

9.2 Metl

The load d
measurem
method's a

9.3 Metl

9.3.1 Be

Transverse

*
Kho-B
where
i

i

fpt
Yo 1
F

mtH 1

Finth =

boundary conditions, the most unfavourable load distribution is assumed, i.e. only
h transmits the total tangential force, and the calculation is therefore on the safe 'side.
f bevel gears should be chosen so that neither Ky, nor K, exceeds the value of g},.

hod A

istribution taken as the basis for the load capacity calculation should be determined
ent or by an exact analysis of all influence factors. However, when-the latter is used,
ccuracy and reliability shall be proved, and its premises clearly présented.

nod B

<2

vel gears having virtual cylindrical gears with contact ratio ¢, <

load factors, K:m_B, K;a_B shall be calculated'according to Formulae (46) and (47):

Lo,040,4. 2 Upt=Ya)

Fth /bv

* Evy
=Kp,, n=
Fo—B 2

s the mesh stiffness, as an approximation, ¢, = 20 N/(mm - um) (see 7.7.3.3);

s the single pitch deviation, maximum value of pinion or wheel; for design calculations,

tlolerance of the wheel according to ISO 17485 should be used;

5 the running-in‘allowance (see 9.5);

s the determinant tangential force at mid-facewidth on the pitch cone.

Fomt 'KA 'KV 'KHﬂ

one
The

by
the

46)

the

47)

9.3.2 Be

ithrcomtactratio Ty 2

l brarvimevirtoateviimdricat

Transverse load factors, K:la_B, K;a_B shall be calculated according to Formula (48):

*
Kho-3

2’(8vy_1) CY’(fpt ~ Vo)

=Kp,p=0,9+0,4- Ry
mtH \%

SV)/

for cy,fpt,ya, Fo see 9.3.1.

24
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Method C

1 General comments

Method C is, in general, sufficiently accurate for industrial gears. To determine the transverse load
factors K;a—c , K;a—c' the gear accuracy grade, specific loading, gear type and running-in behaviour
are required. The running-in behaviour is expressed by material and type of heat treatment.

9.4.2 Assumptions

The

9.4
Ky
If th

following assumptions are valid for method C:
a transverse contact ratio of 1,2 < &, < 1,9 applies to tooth stiffness (see 1SO 6336311]);

stiffness values of ¢, = 20 N/(mm - um) according to Formula (11) or ¢’ = 14 Nfmm - pm

14
to Formula (18);

3 Determination of the factors

_¢ and K;a—c shall be taken from Table 5.

e gear accuracy grades are different for pinion and’wheel, the worse one shall be used.

Table 5 — Transverse load distribution factors, K ;a_c and K ;a—c

according

a single pitch deviation is assigned to each gear accuracy grade. With 'this assumption, transverse
load distribution factors are obtained which are on the safe side for'most applications, i.¢. in case of
mean and high specific loadings, as well as in case of specific loadings F, . - K5/b, ¢ < 1p0 N/mm.

Specificloading
> 100 N/mm? <100 N/mm?
vat 'KA /bv,eff / /
Gear accuracy grade 5-and Alllaccuracy
(see 5.3.2) better 6 7 8 9 10 1 brades
X (B1):1/ZE or 1,2 WHichever is
. Her™C the greater
B2):1 1,2
Stralil;trls)evel 10 11 1,2 (B2):1/&yy or
Stirface 8 K (B):1/Yg or1,2 WHhichever is
hafdened Fo-C (B2):1/€ey or1,2 the greater
Heli¢al and K:[ c
spiral bevel *a 1,0 1,1 | 1,2 1,4 €yqn OF 1,4 whichever is the gfeater
gears Kgo—c
< (B1): 1/21%5 or 1,2 | WHichever is
Straiaght houol Ho—C (B2Y:-1/e o 0r12 the greater
oars 1,0 1,1 1,2 DA AL
N?t g o (B1):1/Ys or1,2 | Whichever is
surface _
hardened Fa-C (B2):1/gy or1,2 | thegreater
Helical and K:[ .
spiral bevel *a 1,0 1,1 1,2 1,4 Eyqn OF 1,4 whichever is the greater
gears Keo—c
NOTE For Z s, ey and Y, €y see 9.1. (B1) and (B2) stands for method B1 and method B2.

9.5

Running-in allowance, y,,

The running-in allowance, y,, is the amount due to running-in by which the mesh alignment error is
reduced from the start of the operation.

©IS
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The running in allowance, y,, can be calculated using Formulae (49) to (52) (where f,; is single pitch
deviation, see 9.3.1).

For through hardened steels:
160

Yo = ' fpt (49)
OH lim

forv ., <5m/s: without restriction;

for 5 rrI/Q <V o< 10 mI/Q- VRS 12 Rﬂﬂ/n‘n'iim-

forv b >10m/s: o S 6400/0y jip,-

For grey cgst iron:

Yo =04275- fo 50)
forv b <5m/s: without restriction;

for 5m/s <v, <10 m/s: Vo < 22 pm;

for v, > 10 m/s: o <11 pm.

For case hgrdened and nitrided gears:
Vo =0 075-fpt [51)

for all spedds with the restriction: y, < 3 pm.

If material of pinion and wheel are different, a mean value for y, shall be calculated:

Aot T Va2 52)

Ya = 2

wherein y } shall be determined for the pinion material and y,, for the wheel material.
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Annex A
(normative)

Calculation of virtual cylindrical gears — Method B1

A.1l

General
=enera:

roved rating procedures for macropitting resistance and bending strength of bevel 4
I's which can serve as a standard are based on virtual cylindrical gears. The main' rfeasor
bssary allowable stress values can be taken from tests of cylindrical gears which are e
statistically more reliable than those from the fewer tests of bevel or hypoid\gears.

Apq
gea
nec
and|

The
of h
exa
gea
thid
for
cyl

decisive requirement for this approach is a good equivalence between the meshing
evel or hypoid gears and of their corresponding virtual cylindrical'gears. In order to ¢
Ct tooth contact analysis calculations (TCA) were carried out for a broad variety of bevel

means, the known formulae for bevel gears without offset were confirmed and ney
rﬁulae including hypoid gears were defined. The latter(tefers to major parameters
indrical gears, such as helix angle, facewidth, contact ratie, radius of relative curvature.

Besjdes, the virtual cylindrical gears for hypoids were~developed such that with decred
values, they continuously approximate to the known,dimensions of those for spiral bevel geg
offdet. The advantage is that also the calculated lpad capacities of these hypoid gears appr
the [proven good results of spiral bevel gears.

So,
gea
or h

Annex A contains geometric relations for generating the data of the required virtual
rs. The gear data presented here apply exclusively to gears with (xy,,,; + X,n2) = 0. The i
ypoid gear data necessary for thesé.calculations should conform to ISO 23509.

Cal
ang
sidd

les of drive and coast sidethypoid gears, asymmetric bevel gears) separately for drive
flank.

A.2 Data of virtual'cylindrical gears in transverse section (suffix v)

A.2l1 General

If aftransverse section of a bevel gear tooth at midface is developed into the sectional plan
cylindricakgear is obtained with nearly involute teeth. This is standard practice for bevel ge:

nd hypoid
is that the
hsier to get

conditions
nsure this,
hnd hypoid

's and compared with the meshing conditions of the correspdnding virtual cylindricall gears. By

I extended
of virtual

sing offset
rs without
oximate to

cylindrical
hitial bevel

ulations shall be carried out for pinion and wheel together; however, in case of differeft pressure

and coast

e, a virtual
rs without
Fal type of

hypoid, offset (see Figure A.2). For hypoid gears which are geometrically the most gene
geakinga sk : e 1 L D A  ermatic dinsram ok b

poid gears

(see al pitch cones
with diameters d; and d,,, which contact each other at the mean point P. Besides, both pitch cones
contact with the tangential plane T along lines which are designated as mean cone distances R ,; and
Ry and include the offset angle .

A normal line to the plane T, erected in the mean point, intersects with the pinion axis at np and with
the wheel axis at ng. This line corresponds to line Q of Figure A.2 representing the centre distance a,
of virtual cylindrical gears. With hypoid gears, however, the pinion axis and wheel axis are not in the
same plane. In order to get virtual cylindrical gears with parallel axes, an approximation is made by
giving both axes the direction, which divides the offset angle ,, into half.

It is not assumed that thus-defined virtual cylindrical gears have the same meshing conditions as
hypoid gears. This is adjusted afterwards by several appropriate correction factors such as the hypoid
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factor Zy

which accounts for the influence of the lengthwise sliding of hypoid gear teeth. However,

y
virtual cyfindrical gears supply the required geometrical basis to achieve a practicable rating system
for all types of bevel gears.

Key

1  bisecting line of the offset angle

A.2.2 Determination-of the diameters, d,

For the determination of the diameters, d, Formulae (A.1) to (A.7) apply.

Reference gliafneter, d,:

(mp

Figure/A.1 — Schematic diagram of hypoid gear

dm1,2
dypp=—0" (A1)
cosd;
for hypoid gears:
dpo #u-dpq (A.2)
fora=0and 2 =90°
2
u“+1
dy=dn; - - (A.3)

28
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2
dyp=u”-dyq

tre distance, a,:

ay :(dvl +dv2)/2

diameter, d,.:

dya12=dy12+2-hym1 2

(A4)

(A.5)

(A.6)

Rodg

Fro
dec

m]
aga

t diameter, d ¢

dyf12=dy12 =2 A1 2

n Figure A.1, it is also conceivable that the hypoid offset, a, and simultaneously the offset
Fease until at a = 0 the special case of bevel gears without offset is reached and the con
and R, coincide. Then, the well-known former parameters of virtual cylindrical gear

n as given in Figure A.2.

(A7)

angle, {mp,
b distances
s are valid

Figure A.2 — Bevel gears without offset and their corresponding virtual cylindrical gears
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A.2.3 De

termination of the helix angle, g,

For bevel gears without offset, the helix angle 8, of virtual cylindrical gears is equal to the spiral angle
of the pinion f; and the wheel f, because f; = f,,,. However, this is not true with hypoid gears
where 1 = B2 + {p (s€€ ISO 23509). In order to find the one helix angle for the virtual cylindrical
gear pair, it is referred to Figure A.1 where the bisecting line of the angle ¢,/ defines the direction of the
virtual pinion axis and wheel axis. Then, the pinion helix angle is f,; - {mp/ 2, is equal to the wheel helix
angle B, + {,p/2, and both are equal to the helix angle 8, of the virtual cylindrical gear pair.

On this basis a comparison of the meshing conditions mentioned in Clause A.1 was applied. The

inclination_angle between the contact line and the pitch line in the mean point was used as a
representative parameter in this case. It turned out that the inclination angle f calculated by.TCA
for any bepel or hypoid gear has nearly the same value as calculated for the corresponding virfual
cylindricall gear with helix angle 8, which is the arithmetic mean value of both spiral angles f5, ; pnd
ﬁmZ'
NOTE Jn this context, contact line means the major axis of the Hertzian contact ellipse under load.
The helix angle and further parameters of the virtual cylindrical gears shall be calculated accordinig to
Formulae (jA.8) to (A.18).
Helix anglq, S,
Pm1+B
B, = Fml * Fm2 (A.8)
2

Base diamgter, d;:

dvb1,2 :dv1,2 "COS Uyt 19
where

Olyer =fprectan(tanc, /cospf, ) (Al10)

a) a, ¥§ a,p for drive side (see ISO23509);

b) a, F a, for coast side (see }SO 23509)
Transvers¢ module, m,,:

My =Myn /€os B, (Al11)
Number of|teeth,

Zy1,2 Fdy1,2 / My (Al12)
Gear ratio, u,:

Uy =Zy3 [ Zy1 (A.13)

u? +1
fora=0and 2 =90° z,; =2z (A.14)
u
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Zyo =Zy '\/uz +1

Helix angle at base circle,

By, =arcsin(sin B, - coso, )

where

a, = a.p for drive side (see ISO 23509);

(A.15)

(A.16)

Tra

Lenjgth of path of contact, g,

A2

Wh
offg
b,i
tha
face

a, = a, for coast side (see ISO 23509).

hsverse base pitch, p, .

Pyet =T My - COSOlyeq / COS ﬂv

1

Iva =7

2

2 f—
val

2 . [2 2 .
|:( d dvbl _dvl SIN Uyt )+( dvaZ _dVbZ _dv2 SRyt ):l
.4 Determination of the facewidth, b,

et have the same size (b, = b, see Figure A.2), thisis not true for hypoid gears. Before thq
b calculated, the effective facewidth by, ¢ of thewirtual cylindrical gear pair shall be deter

purpose, the length of the contact patterni; ¢ which is measured in the direction o
width, is used.

Si
de
Figi
the
are
the

The
par
the
i

effe
sizd
actil

r\?Floped into a parallelogram and\then projected on to the common pitch plane T ag

lified, it is assumed that the theodetical zone of action of the hypoid wheel is not

re A.3 by dotted bold lines. The'side lines of this zone of action around mean point P are
wheel axis which in this vieW coincides with the cone distance R, ,. The other two bou
[parallel to the instantaneous axis of helical relative motion of the hypoid gear pair which|
angle 9.

zone of action 6f the corresponding virtual cylindrical gear pair is the greate
hllelogram (boldldintes in Figure A.3) inscribed in the theoretical zone of action of the whe
side lines nowrare vertical to the axis of roll of the virtual cylindrical gear pair given b
2. The width of this smaller parallelogram appears in the given view in true length a
ctive facewidth b, .¢ of the virtual cylindrical gear pair. To get the complete zone of act
, the given top view is projected into the plane inclined by the effective pressure angle,
ve flahk in which the path of contact is also in true size (see key item 4 of Figure A.3).

(A.17)

(A.18)

ereas the facewidth of virtual cylindrical gears and of their corresponding bevel gedrs without

facewidth
mined. For
F the wheel

hrched but

shown in
vertical to
hdary lines
is given by

bt possible
el whereby
 the angle
hd it is the
ion in true
Q. Of the

vet
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>~
o
s r
bv, eff J:> /
_ —/"7 //
Tl 2 S T :
=/ //
/ & °
Q’/ / N \/ S
R m2 '\,\l / 7 - 3| o
K /90; N 2
o L}
G i s L
=S
R m / y
[ 2= = 7
by et /
0s{¢mp/2)
‘\%eff\‘ /
Key
1 axis of relative helical motion of the hypoid gears
2 axis of roll of the virtual cylindrical gears
3 projectgd zone of action in tangential plane (dimensions efibevel gears)
4  zone of|action in meshing plane (dimensions of virtual cylindrical gears)
Figure A.3 — Simplified zone of action for virtual cylindrical gears
Formula (A.19) is derived from Figure A:3:
Effective fcewidth, by, o
b ] (bZ,eff /C05<§mp /2)—gva -COSOlyet 'tan(gmp /2)) l19)
v,eff 7] ’
t<tany’ tan($y, /2)
where
ylzﬂmp _é,mp /2 (A 20)
ﬂmp = rr‘fnn(cinﬁé -tan Cm) (A 21)
a,; isthe effective pressure angle of the virtual cylindrical gears calculated for the active flank,
see Formula (A.10);
for ¢, and ¢, see ISO 23509.

b, g 1s the effective width of the contact pattern parallel to the pitch cone under a certain load. It should
be derived from measurements or LTCA, at the preliminary design stage b, ¢ = 0,85 - b, is a reasonable

estimate.
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In a second step, the facewidth b, is defined according to Formula (A.22):

b
b, =b, (A.22)

A.2.5 Comparison of meshing conditions

The parallelogram as zone of action determined for the virtual cylindrical gear pair is now compared
with the real contact lines and pattern calculated by a TCA of the bevel gear set. Both zones of action
are projected into a plane vertical to the wheel axis and then superposed for illustration. Six such
sa > i i i > i Table A.1,
conpidering both flanks (drive side and coast side). As a reference, each little plot gives the a¥is of roll of
virtlual cylindrical gears and the lines of mean cone distances of pinion and wheel which iritefsect in the
respective mean point P.

In gddition, the parallelogram of the virtual zone of action contains three (representatiye straight
confact lines (bold lines). They fit angularly very well with the calculated eurved contact lines which
are|drawn thicker where they form the contact pattern. Also, each of these'calculated contaft patterns
is well covered in size and position by the parallelogram of the respective virtual cylindrical gear, which
medns that the equivalence of the meshing conditions between bevel'gears and their virtual|cylindrical
geafs is very good for a rating system.

It was found that the former ellipse, inscribed in the zone of action, produces no better results than
the|newly defined parallelogram. It seems that the major axis of the ellipse does not always|have to be
parpllel to the axis of the virtual cylindrical gear, but shouldat least be turned by an angle, which would
be yery difficult to calculate.

Table A.1 — Exemplary zones of action of virtual cylindrical gear pairs and calculated contact
patterns of the bevel gear setsiint‘a projection parallel to the wheel axis

Actual Hypoid offset
flank

a=15mm

[l 951\

Drive side

—WN

Cgast side 2
1

Key
1 mean cone distance pinion

2 mean cone distance wheel

3 axisofroll

A.2.6 Determination of contact ratios, ¢,

For the determination of contact ratios, ¢, Formulae (A.23) to (A.25) apply.
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Transverse contact ratio, &,,:

Eva = Gvor / Pvet (A.23)

Face contact ratio, Eyp:

_ bv,eff -sin ﬂv

gvﬁ = (A24)
T-Myy

The transverse and face contact ratios calculated with Formulae (A.23) and (A.24) for the virtual
cylindrical[gear are determinant for the load capacity calculation. BUt It 1s possible that they devjiate
from the rdtios calculated on the basis of the real dimensions of the bevel gears or on the basis afja-1CA.

NOTE Formula (A.24) considers the effective facewidth and not the geometrical facewidth. Typically, [this
leads to lowjer contact ratios compared to calculations considering the geometrical facewidth.

Virtual corftact ratio, &,,:

Eyy =8yq TEuB (A|25)

vy

A.2.7 Determination of the length of contact lines, /,

When the footh contact has been suitably developed, the full load centact should not extend beyond|the
boundary ¢f the assumed parallelogram (see Figure A.4). Normally, the contact lines are shorter than
they theorptically can be because of the crowning of the flanks’in profile and lengthwise directipns.
This is corlsidered with the correction factor Cy, which reduces the length of the contact lines by an
elliptical function (see Figure A.5).

Formulae (|A.26) to (A.36) shall be calculated, accordingto Table A.2, for:

a) the tip|contact line with f= f;;
b) the mifdle contactline, I, ,,, with f=f_;

c) therog@tcontactline with f=f.

Table A.2 — Distance f of.the tip, middle and root contact line in the zone of action

Surface durability Tooth root strength
&vp = 0 fo |7 (Pyer = 98 Pyer * €y - COSBypy + Pyer * €OSPyy | (Pyer = 0,5 * Pyet * Eva) = COSByp, + Pyet * COSPyy
Jm |7 Py KOS5 - Dy~ &) * COSByy (Pvet = 0,5 * Pyet * €va) = COSByy,
Jo =@t = 0,5 - Pyet * €va) - €OSByp — Pyer " COSByp | (Pyet = 0,5 * Puet * €v) * €OSByp, ~ Pyet " COSPY
0< Evp < 1 fi o (pvet = 0,5 Pyer €g) " COSPyp - (1 - Svﬁ) + (Pyet = 0,5+ Pyt €vg) * COSPyp, + (1 - Sv/}) +
y Pvet” COSﬁvb Pvet * COSBVb
e =05-p e )-cosfy - (1-£ ) (Prer=05-p o) cosfy - (1-£g)
f = (Pyet = 0,5 Pyer €y * €OSPyy, + (1 - SVB) - (Pyet = 0,5+ Pyt €va) * COSPyp « (1 - Svﬁ) -
" |Pyet* €OSByy Pyet * COSByy,
&p 2 1 fo |+ Pyet cOSByy + Pyet * COSPyy,
fm |0 0
Jr |~ Pyet cosByy = Dyet " €OSByp
NOTE Because of the symmetry of the contact area with respect to the point M, a contact line with the

distance fhas the same length compared to a contact line with the distance - f. Hence the sum of the length of the
three considered contact lines is independent of the sign of distance f.

In this case fm (macropitting) = fm (tooth root)” fr (macropitting) ~ ft (tooth root andft macro 1tt1ng) - fr (toothroot)*
Together with the symmetry of load distribution according to ISO 10300-2:2023, 1gure 2, this leads in
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total to load sharing factors for macropitting, Z; 5, and ISO 10300-3:2023, 6.4.5 for tooth root, Y| 5, where
Yis= Zfs. Length of contact line, /;;:

If f>f,,.40 then [, = 0, else:

ly=1ly (1-Cyp) (A.26)

for Cy, = correction factor, see Formula (A.36).

Coordinates of the ends of the contact line x; ,;y; , can be calculated with Formulae (A.27) to (A.31).

For[bevel gears with g, = 0:
x; =0 (A.27)
X =by eff (A.28)
For|bevel gears with 3, > 0:
. bv,eff 1
f'cosﬁvb +tanﬁvb ’ f'Slnﬂvb +T +E'(gvoc +bv,eff 'taHY)
X{= (A.29)
tany+tan 3,
. bv,eff 1
f-cos By +tan By, | f-sin By +— = _E'(gva by f¢ “tany)
Xy = (A.30)
tany+tanf3,,
where
by e s the effective facewidth;
y is the auxiliary angle for Tength of contact line calculation.
. bv eff
y1,2 :_Xl,Z 'tanﬂvb +f-COSﬁvb +tanﬂvb ’ f'SlnﬂVb + ’2 (A-?’l)
Thoretical length of contact line, [, o:
2 2
1b0=\/(x1 %) +(y1-y2) (A.32)
Thg maximum distances from the middle contact line are calculated according to Figure A.4
1 -
Jmax =7 [ Gva T Dy eff (AT FTAN Py J[7COS Py (A.33)
1
fmaxO = E ’ [gva - bv,eff ’ (tan Y +tan ﬁvb ):I - Cos ﬁvb (A-34')
with
tany =tany’/ cos,, (A.35)

IffmaxB >fmax0:fmax =fmaXB elsefmax =fmax0'
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Correction factor, Cy;:

2 2
Cpp = 1—[ff j -[1— bz—eff] (A.36)

Figure A.4 shows the general definitions of values for calculating the theoretical length of lines of
contact, [,.

/06*6
Iva

bv, eff

by

Key
D  outer ppint of single contact
M  centre ¢f the zone of action

B inner ppint of single contact

Figure A.4 — General definition of length of contact lines

1 _______________
g
- —1 |
|
|
|
a |
O I
T T
|
|
I
|
1 f/ fmax

Figure A.5 — Correction factor, (),
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A.2.8 Determination of the radius of relative curvature, p_, for the contact stress

calculation

Radius of relative curvature vertical to the contact line, p.,, shall be calculated according to

Formulae (A.37) to (A.40):

2
Prel zlpt|'(COSﬁB)

Inclination angle of contact line, fg:

Bg =arctan(tanp, -sind, )

whére

a, = a,p for drive side (see ISO 23509);
a, = a,c for coast side (see ISO 23509).
Radius of relative curvature in normal section at the mean point, p,; sée)Reference [4]:

a) |Drive side:

b) [Coast side:

-1
1 cos 3,1 -cosB, , 1 1
pt = . . +
cosa,p -(tana, —taney, ) +tan Comp “tan By cosg R, tand, R, -tand,

{ 1 cos 3,4 -cos B, ( 1 1
= . . +

cosa, - (tan(—a, ) —tano, ) —tan Gufp tan By cosl, R, ,-tand, R, -tand;

A.3 Data of virtual cylindrical gear in normal section (suffix vn)

For|the data of virtual cylindri¢al gear in normal section, Formulae (A.41) to (A.46) apply.

Nurpber of teeth z,,, of virtual spur gears:

Zyy

cos? B Jcos B,

Zyn1 =
Zyn2 =UyZvn1

Reference diameter d,:

d _dy12
vnl,2 — 2 =Zyn1,2 Mmn
cos? By

Tip diameter d,,:

dyan12 =Ayn12 tdya12 =dy12 =dyn12 +2 - Mym1 2

Base diameter d;;:

dybn1,2 =dyn1,2 "COSOle =Zyn1 2p ¢ “Mpmp *COS Ol

© IS0 2023 - All rights reserved

(A.37)

(A.38)

(A.39)

(A.40)

(A.41)

(A42)

(A.43)

(A.44)

(A.45)
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where
a, = a,
a, = a,

Profile contact ratio &

p for drive side (see ISO 23509);
¢ for coast side (see ISO 23509).

van*

2
Eyan =€yq /(oS Byy) (A.46)
Hypoid gefirs wWith different effective pressure angles for drive and coast side have ditferent virfual
cylindricallgears in normal section. Therefore, z,,, d, ., and d,, shall be calculated separately for dfive
flank (suffix D) and coast flank (suffix C).
A.4 Determination of local geometry data of virtual cylindrical gear.
A4.1 Geperal

In addition
along the p

to the calculation at the design point, there is the possibility of loeal calculations at po
ath of contact of the virtual cylindrical gear.

A.4.2 Transverse path of contact

For local c2
in the pitck

Iculation along the transverse path of contact, the coordinate gy is introduced with its or
point C, i.e. gy (C) = 0, as shown in Figure A.6.

Figure A.6 — Transverse path of contact

Ints

igin

Towards the pinion tip, gy is defined as positive and towards the pinion root it is defined as negative. In
the boundary points A and E on the transverse path of contact, gy is determined by Formulae (A.47) and

(A.48):
gy (A)

38

=~9va2 (A
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9y (E) =9gya1

(A.48)

The length of path of contact of virtual cylindrical gears in transverse section can be derived from

Formula (A.49):

1 2 2 ) 2 2 .
Iva = 9va1 T 9Gvaz = E[( dval _dvbl _dvl SNyt )+( dva2 _dVbZ _dVZ 'Smavet)

Jve 1sthelength of path of contact of virtual cylindrical gear in transverse section;

(A.49)

Bet

a niimber of sections i which are specified by the user. For bével gears with mean spiral

(B
foll

trafsverse path of contact using auxiliary variable kg to.exclude tip and root boundary poin

gea

whyd

NOTI

Jva s the length of tip path of contact;

@, isthe transverse pressure angle of virtual cylindrical gear;
d, isthereference diameter of virtual cylindrical gear;
d,, 1isthe tip diameter of virtual cylindrical gear;

d,, 1isthe base diameter of virtual cylindrical gear.

= 0) calculations are not performed at the tip and root peints to avoid infinity values in s
wing formulae. Formula (A.50) is used to calculate the.céordinate gy (Y) of a contact po

I with mean spiral angle zero (S, = 0).

(1-2-k) Gyq
i

gy (Y)=gy (A)+ks-gyo +Y- with Y= 0...i

bre

kg=0 for bevel gears with 8, > 0;

kg=0,001 for bevel gears'with g, = 0.

E In Formulae (A.51)te (A.63), gy is a function of Y (gy = gy (¥)).

iveen the two boundary points the length of the transverse path of contact can be sulhdivided in

angle zero
ome of the
ntY on the
[s for bevel

(A.50)
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A.4.3 Length of contact lines

/%*8

Jva

F

e

:

Distance o

rure A.7 — General definition of length of contact linesfor local geometry data

[ the tip, fy, middle, f;, y, and root, f,y, contact line in.the zone of action can be calculated by

using Formulae (A.51) to (A.53).

fm,Y:(gvaZ_gva /2+gy)-cos By (Al51)

fex = fm,y +Pvet -cos By (Al52)

fex = fn,y —Pvet -€08 By (A]53)
where

B, i the helix angle at basg circle;

Pyer I the transverse'base pitch.
If the absojute value off v, fiy or f.y is larger than f .., the contact line is outside the zone of actfion.
Therefore the length of contact line /)y [see Formula (A.59)] and /)y [see Formula (A.60)] is set to zgro.
Otherwise| I, y arfd} y are calculated with Formulae (A.54) to (A.61).
Coordinatgs®f the ends of the contact line x; , v; ¥4 , y can be calculated with Formulae (A.54) to (A.b8).
For bevel gears with §,, = 0:

Xl,Y = 0 (A.54')

X2,y =by eff (A.55)
For bevel gears with 5, > 0:

: byeff ) 1
fY 'Cosﬂvb+ tanﬂvb : fY 'Slnﬂvb t— +E'(gvoc +bv,eff 'tanJ/)
X{y= A.56
Ly tany+tan f3,, (4.56)
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. by et | 1
fY 'Cosﬁvb +tanﬂvb (fY 'Slnﬁvb + V; ]_E'(gva _bv,eff 'taHY)

tany+tanf,,

X2y~

where

b, ¢ is the effective facewidth;

y is the auxiliary angle for length of contact line calculation.

(A.57)

X1,2

Lenjgth of contact line I, y shall be calculated with Formulae (A.59) to (A.61).

whyd

A4

Loc
cald

. bv eff
y1,2,Y =_)‘71,2,Y 'tanﬂvb +fY 'COSﬂVb +tanﬁvb (fY ‘Slnﬁvb + ’2

y and y; , y shall be calculated with f v, f,y or f,y for three contact lines.

lyy =lyoy - (1-Cpy)

pIre

2 2
lvo,y :\/(Xl,Y -x2v) +(VYiy—Yay)

oy 1sthe theoretical length of contact line;

2 2
co oo 1o S 1 by eff
by =4 1= — | [|1-
fmaX bV

Cy, isthe correction factor fop-the'length of contact lines;

b is the facewidth;

\%
fax 1S the maximum distance to middle contact.
14 Local equivalent radius of curvature, p, y

al equivalent-radius of curvature vertical to the contact line in the contact point Y, p |
ulated with,Formulae (A.62) and (A.63).

Pret, Y= Prel Y
Xy

(A.58)

(A.59)

(A.60)

(A.61)

1y, shall be

(A.62)

where p_ Ts the equivalent radius of curvature vertical to the contact line;
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tano
Xy = vet (A.63)

\/(dvl /Z'Sinavet +gY) '\/(dvz /Z'Sinavet _gY)
dvbl /2 dvb2 /2
Xy  isthe curvature factor.
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Annex B
(normative)

Calculation of virtual cylindrical gears — Method B2

General
Fenera:

Clayise B.2 contains the geometric relations for generating the virtual cylindrical gear data'r

bev|
virt
1,0

B.3
dist

B.2
For

Rel

Rel

Ang

for

Fac

el gear load capacity calculations when using method B2. The initial bevel gear dataneceq

Mg, is used in the calculations.

and B.4 contain illustrations that demonstrate the procedure used to exaluate tooth loac
ribution.

Approximate values for application factors

the following approximate values for application factorsyFermulae (B.1) to (B.26) shall b

htive virtual facewidth:

by

v,rel =

b
et2

htive mean back cone distance:
le,z -tan 51,2

Rmptl,Z =
Mgt 2

le between direction of cortact and the pitch tangent (for hypoid gears only):

Z1 -c0s0,

cot(éfmp —),)zcot{mp -[1,0+

zy-cosdy -cosg
[mp = Pinion offset angle in pitch plane, see ISO 23509:2016, Formula (114).
P contactratio:

for bevel gears:

bquired for
sary for the

hal gear calculation should conform with ISO 23509. A base unit of one diamtral pitch,

ing and its

e used.

(B.1)

(B.2)

(B.3)

(B.4)

b)

©IS

for hypoid gears:
€os Bz : b,
&, =| —————+sin :
v cot(Cmp -2) Pm: T-Mpyy
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