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Foreword

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

electrotechnical standardization.

The proce
described
different t}

lures used to develop this document and those intended for its further maintenanee
n the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed fof
rpes of ISO document should be noted. This document was drafted in accordance ‘with

editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

ISO draws

attention to the possibility that the implementation of this document may.involve the

are
the
the

use

of (a) patemt(s). ISO takes no position concerning the evidence, validity or applicability of any claimed

patent rig}
notice of (3
cautioned

ts in respect thereof. As of the date of publication of this document, ISO had not recei
) patent(s) which may be required to implement this document. However, implementers
fhat this may not represent the latest information, which may be‘obtained from the pa

database
such pate

a[zailable at www.iso.org/patents. [SO shall not be held responsible for identifying any o
n|

rights.

ved
are
fent
- all

Any trade hame used in this document is information given for the‘convenience of users and does|not

constitute pn endorsement.

For an explanation of the voluntary nature of standards,“the meaning of ISO specific terms jand

expressionls related to conformity assessment, as well as information about ISO's adherencg¢ to

the World| Trade Organization (WTO) principles id<the Technical Barriers to Trade (TBT), |see

www.iso.ofg/iso/foreword.html.

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

capacity cdiculation.

This third| edition cancels and replaées the second edition (ISO 10300-3:2014), which has Heen

technically revised.

The main dhanges are as follows:

— Table 1 has been inserted;

— Table 2 has been inserted;

— Figure[4 — surface condition factor, Yy o1, for permissible stress number relative to standard fest
gear djmensions has been removed;

— Figure] 5= relative notch sensitivity factor with respect to standard test gear dimensions has Heen
removed;

Figure

A list of all

new Figure 5 — life factor, Yy (standard reference test gears) has been added;

7 — size factor, Yy, for permissible tooth root stress has been removed.

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.

In view of the decision for ISO 10300 (all parts) to cover hypoid gears also, it was agreed to include
a sg¢parate clause: “Gear tooth rating formulae — Method B2” in this document, while the former
methods B and B1 were combined into one method, i.e. method B1. So, it became necessdiyto present a
new, clearer structure of the three parts, which is illustrated in ISO 10300-1:2023, Figure 1.

NOTE ISO 10300 (all parts) gives no preferences in terms of when to use method’ B1 and when to use
method B2.

Failure of gear teeth by tooth root breakage can be brought about in many ways; severe instantaneous
ovefloads, excessive macropitting, case crushing and bending fatigue. are a few. The strength ratings
determined by the formulae in this document are based on cantilever’ projection theory rmodified to
conkider the following:

— |compressive stress at the tooth roots caused by the radial.component of the tooth load;

— |non-uniform moment distribution of the load, resulting\from the inclined contact lines ogn the teeth
of spiral bevel gears;

— |stress concentration at the tooth root fillet;
— |load sharing between adjacent contacting t&éth;
— |lack of smoothness due to a low contactratio.

The formulae are used to determine-a‘load rating, which prevents tooth root fracture duringthe design
life pf the bevel gear. Nevertheless,.if'there is insufficient material under the teeth (in the rim), a fracture
can|occur from the root throughtthe rim of the gear blank or to the bore (a type of failure rfot covered
by tlhis document). Moreover(it)is possible that special applications require additional blank material to
ort the load.

Surface distress (pitting or wear) can limit the strength rating, either due to stress corcentration
aropind large sharp'eornered pits, or due to wear steps on the tooth surface. Neither of thege effects is
idered in this'document.

ost casgs,)the maximum tensile stress at the tooth root (arising from bending at the rodt when the
is applied to the tooth flank) can be used as a determinant criterion for the assessment ¢f the tooth
strenigth. If the permissible stress number is exceeded, the teeth can break.

Wh i ' St s from the
assumption that the load is applied at the tooth tip of the virtual cylindrical gear. The load is
subsequently converted to the outer point of single tooth contact. The procedure thus corresponds to
method C for the tooth root stress of cylindrical gears (see ISO 6336-3M1).

For spiral bevel and hypoid gears with a high face contact ratio of &, > 1 (method B1) or with a modified
contact ratio of ¢, > 2 (method B2), the midpoint in the zone of action is regarded as the critical point
of load application.

The breakage of a tooth generally means the end of a gear's life. It is often the case that all gear teeth
are destroyed as a consequence of the breakage of a single tooth. A safety factor, S, against tooth root
breakage higher than the safety factor against damage due to macropitting is, therefore, generally to be
preferred (see ISO 10300-1).
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INTERNATIONAL STANDARD

ISO 10300-3:2023(E)

Calculation of load capacity of bevel gears —

Part 3:
Calculation of tooth root strength

1 [Scope

This document specifies the fundamental formulae for use in the tooth root stress calculation

of straight

and helical (skew), Zerol and spiral bevel gears including hypoid gears, with a minimum rinp thickness

under the root of 3,5 m,,,,. All load influences on tooth root stress are included, {nSofar as t

hey are the

resyilt of load transmitted by the gearing and able to be evaluated quantitatively:-Stresses, sujch as those
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ced by the shrink fitting of gear rims, which are superposed on stresses due to tooth 1
nded to be considered in the calculation of the tooth root stress, og-or the permissible
ss opp. This document is not applicable in the assessment of tooth flank fracture.

be of the applied factors as specified in ISO 10300-1. The'bending strength formulae are
ractures at the tooth fillet, but not to those on the active.flank surfaces, to failures of the
ne gear blank through the web and hub.

5 document does not apply to stress levels above'\those permitted for 103 cycles, as stres

be can exceed the elastic limit of the gear tooth:
E This document is not applicable to bevel gears which have an inadequate contact pattern

user is cautioned that when thelformulae are used for large average mean sp
L+ B2)/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 documents are referred to in the text in such a way that some or all of th
Stitutes requirements of this document. For dated references, only the edition cited 4
ated referencés,the latest edition of the referenced document (including any amendmen

701, International gear notation — Symbols for geometrical data

1122545 Vocabulary of gear terms — Part 1: Definitions related to geometry

ading, are
tooth root

formulae in this document are based on virtual cylindrical @ears and restricted to Bevel gears
whese virtual cylindrical gears have transverse contactratios of€, , < 2. The results are valid

within the
applicable
bear rim or

ses in that

inder load.

ral angles
3mg, the

mn’

Pir content
pplies. For
[s) applies.

ISO

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

quality of

materials

[SO 10300-1:2023, Calculation of load capacity of bevel gears — Part 1: Introduction and general influence
factors

[SO 10300-2:2023, Calculation of load capacity of bevel gears — Part 2: Calculation of surface durability

(ma
ISO
ISO

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

s and definitions

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

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

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

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

fion

t of

(10N

[ing

ully

31

tooth rootl breakage

failure of gear teeth at the tooth root by static or dynamic overload

3.2

nominal tpoth root stress

O-FO . . s . s - .
bending stress in the critical section of the tooth root calculated for the critical point-of load applica
for error-fifee gears loaded by a constant nominal torque

3.3

tooth roof|stress

Of

determinant bending stress in the critical section of the tooth root/calculated for the critical poiy
load applicption including the load factors which consider static and‘dynamic loads and load distribu
3.4

nominal siress number

T lim . . .
maximum [tooth root stress of standardized test gears and determined at standardized opera
conditions|as specified in ISO 6336-5

3.5

allowable|stress number (bending)

O-FE . . - . . .
maximum pending stress of the un-netched test piece under the assumption that the material is f|
elastic

3.6

permissiblle tooth root stress

O-FP . - - -

maximum footh root stress of the evaluated gear set including all influence factors

4 Symbols, general subscripts and abbreviated terms

For the purpases of this document the symhols given in ISO 701 1SO 17485 1SO 23509 _and

the

following s

hall apply.

Table 1 — Symbols

Symbol Description or term Unit
ags Auxiliary value —

b Facewidth mm

b, Developed length of one tooth as facewidth of the calculation model mm
bgg Auxiliary value —
b, Calculated effective facewidth mm
by Mean facewidth mm

© IS0 2023 - All rights reserved
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Table 1 (continued)
Symbol Description or term Unit
b, Facewidth of virtual cylindrical gears mm
b el Relative facewidth of virtual cylindrical gear pair —
Cim Conversion factor used in Formula (202), C, ., = 25,4 mm mm
Cgs Auxiliary value —
dyan Tip diameter of virtual cylindrical gear in normal section mm
dypn Base diameter of virtual cylindrical gear in normal section mm
E, G, H |Auxiliary quantities for tooth form factor (method B1) aod —
Fot Nominal tangential force at mid-facewidth of the reference cone ‘\ I N
Fomt Nominal tangential force of virtual cylindrical gears n.’(. i N
g5 Relative length of action to point of load application (method B2) A(\'J —
9o Auxiliary term X A\ mm
I Relative distance from blade edge to centre line ?\\) —
9 van Relative length of action in normal section ,.D —
hannyp | Relative length of action in normal section for hypoid gears g(\VJ —
Ixb Auxiliary term o o) —
Iyb Aucxiliary term /\O\ —
9za Auxiliary term \\\< —
Iab Auxiliary term QO —
9y Relative length of action within the contac%se —
9o Auxiliary term N - —
g1 Intermediate value ;\Q) mm
hao Tool addendum xO ) mm
hg, Bending moment arm for tog‘y(h‘lro;)t stress (load application at tooth tip) mm
hem Mean dedendum C)\\v mm
hp, Mean whole depth usqi’fer bevel spiral angle factor mm
hy Relative load heig}(f%r‘n critical section (method B2) —
hytm Relative mear}_y‘:ﬂl‘al dedendum —
Mi234 |Auxiliary ydﬁeg —
K, Applicg\t@\éctor —
Kp, Tra@)se load factor for bending stress —
Kgp R@oad factor for bending stress —
K, _ ‘wnamic factor —
l’g&v Contact shift factor —
@) Factor to calculate the stress correction factor according to Dolan and Broghamer —
Lypc |Auxiliary value —
Ly, Part of the model’s facewidth covered by the contactline mm
Ly Theoretical length of middle contact line mm
M Factor to calculate the stress correction factor according to Dolan and Broghamer —
Mg, Outer transverse module mm
My Mean normal module mm
My Mean transverse module mm
N, Number of load cycles —
0 Factor to calculate the stress correction factor according to Dolan and Broghamer —
qs Notch parameter —

©1S0 2023 - All rights reserved 3
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Table 1 (continued)

Symbol Description or term Unit
Repo Relative radius from tool centre to critical pinion coast side fillet point —
Rpi Relative radius from tool centre to critical pinion drive side fillet point —

R, Mean cone distance mm
Rz Mean roughness pm
.10 Relative pinion radius to fillet point —
.20 Relative wheel radius to pinion fillet point —
I'mf Relative tooth fillet radius at the root in mean section —On
: : D
mpt Mean pitch radius
. . . . (8 o
my0 Mean transverse radius to point of load application (method B2) A ]mm
Fya Relative mean virtual tip radius X \") —
T'un Relative mean virtual pitch radius ,\03\) —
Relative distance from pitch circle to the pinion point of load application and{h-)s
Aryg . —
y wheel tooth centre line
Sp Safety factor for bending stress (against tooth root breakage) ) \‘0 —
SEmin || Minimum safety factor for bending stress . (5\ —
Sgn Tooth root chord in calculation section <'§< mm
SN Relative horizontal distance from centreline to critical fil[tho\i{lt (method B2) —
Smn Mean normal circular thickness kg\\ mm
Spr Amount of protuberance W< ) mm
Symn Relative virtual tooth thickness ‘\\\) —
W, ||Wheel mean slot width “\Q)\ mm
Xhm Profile shift coefficient ..('\\\ —
Xem Thickness modification coefficient ,.\l~\ —
XN Tooth strength factor (method BZ}\\\) —
Xo0 Distance from mean section to pqi\ﬁlc of load application mm
Xq Relative horizontal distanpe&\}m pitch circle to fillet point —
Yy Root stress adjustment @(}dr (method B2) —
Y Bevel spiral angle fg.p@’ —
Yea Tooth form fact@?load application at the tooth tip (method B1) —
Y Combined t(}g@'o/rm factor for generated gears —
Ye Stress coAnWation and stress correction factor (method B2) —
Y Bend@sgrtength geometry factor (method B2) —
Yis Lg@&*}laring factor (bending) —
Ynr Q’rje\factor (bending) —

Yp Combined geometry factor (method B2) —
Yr Surface condition at the root fillet —
Yrr Surface condition at the test gear —

Yrrer |Relative surface condition factor —

a Stress correction factor for load application at the tooth tip —
Yor Stress correction factor for dimensions of the standard test gear —
Yy Size factor for tooth root stress —
Y12 Tooth form factor of pinion and wheel (method B2) —

Y5y |Relative notch sensitivity factor —

Y Contact ratio factor for bending (method B1) —

4 © IS0 2023 - All rights reserved
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Table 1 (continued)
Symbol Description or term Unit
Relative location of point of load application for maximum bending stress on path
Yy of action (method B2) o
V1 Relative vertical distance from pitch circle to fillet point —
Relative distance from the beginning of the path of action to the point of load
V3 application on path of action for maximum root stress o
Zys Load sharing factor (method B1) —
Zen Number of teeth of virtual cylindrical gear in normal section —
Acnf Coast flank pressure angle in wheel root coordinates —\03 °
Apnf Drive flank pressure angle in wheel root coordinates QQ)V °
Qpan Load application angle at tooth tip of virtual cylindrical gear (method B1) "b A °
aj, Normal pressure angle at point of load application (method B2) (\Q' °
aN Generated pressure angle at fillet point . dbv °
a, Adjusted pressure angle (method B2) f'\'\ °
Ay Normal pressure angle at tooth tip \%V °
(e, Effective pressure angle for drive side/coast side (_S\\ N °
ag Limit pressure angle in wheel root coordinates (metho/d\@)v °
ay, Auxiliary term °
Mim Limit pressure angle L\\\\ ) °
D c Generated pressure angle for drive side/coasté}'}g °
Ba Intermediate angle \\,\Q °
By Helix angle of virtual gear (method B;lby@tual spiral angle (method B2) °
B Helix angle at base circle of Virtual_\cyzi}r:drical gear °
Ya Auxiliary angle for tooth form\aLnWooth correction factor °
N Load sharing ratio for beng@method B2) —
& Lengthwise load sharing factor —
& Profile load sharing_ﬁ&toi‘ —
Eva Transverse cont@c%&:cio of virtual cylindrical gears —
Evan Transverse cq‘ns;(':{c ratio of virtual cylindrical gears in normal section —
o Transverse\%‘ﬁ'tact ratio of virtual cylindrical gears in normal section for hypoid .
han,hyp gears .-
&g Fag@Mact ratio of virtual cylindrical gears —
&y @‘i‘)?ﬁ;ll contact ratio (method B1), modified contact ratio (method B2) —
0 N leiliary angle for tooth form and tooth correction factors rad
Op1 ¥ |Wheel angle from centreline to pinion tip on drive side rad
|44 Wheelangle-betweentilletpoints °
J Auxiliary value —
U Relative distance from centreline to tool critical fillet point —
3 Assumed angle in locating weakest section rad
& One half of angle subtended by normal circular tooth thickness at point of load rad
application
Pao Cutter edge radius mm
Pr Fillet radius at point of contact of 30° tangent mm
op Tensile strength (corresponds to R, of ISO 6892-1) N/mm?
OFE Allowable stress number (bending) N/mm?
Opp Permissible tooth root stress N/mm?2

© IS0 2023 - All rights reserved 5
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Table 1 (continued)
Symbol Description or term Unit
OF lim Nominal stress number (bending) N/mm?
Prn Fillet radius at point of contact of 30° tangent in normal section mm
Prp Root fillet radius of basic rack for cylindrical gears mm
Og Yield stress (corresponds to R, of ISO 6892-1) N/mm?
00,2 Proof stress (0,2 % permanent set) (corresponds to R, , of ISO 6892-1) N/mm?
Pared Radius of curvature change —
xX Relative stress drop in notch root mm;
Z%( Relative stress drop in notch root of standardized test gear mA
Table 2 — General subscripts
Subscripts Description
0 Tool
1 Pinion
2 Wheel
A, B,B1,BR, C |Value according to method A, B, B1, B2 or C
D Drive flank
C Coast flank
T Relative to standardized test gear dimensions
D), (2} Trials of interpolation
Table 3 — Abbreviated terms in‘accordance with ISO 6336-5
Abbrevidted term Material Type
§t ) Wrought normalized low carbon steels
Normalized low carbon steels/cast steels
St (dast.) Cast steels
Black malleable cast iron
GTS (perl) (perlitic structure)
. Cast iron materials Nodular castiron
GGG (perly bai, ferr) (perlitic, bainitic, ferritic structure)
qG Grey castiron
Y Through hardened wrought steels Carbon steels, alloy steels
V (dast) Through hardened cast steels Carbon steels, alloy steels
Hh Case-hardened wrought steels
Elamo arinduction hardonaod vrranaht o
I Elame-er-induction-hardened-wroushtor

cast steels

NT (nitr.) Nitrided wrought steels/nitriding steels/ Nitriding steels
NV (nitr) through hardening steels, nitrided Through hardening steels
NV (nitrocar.) Wrought steels, nitrocarburized Through hardening steels

5 General rating procedure

There are two main methods for determining tooth bending strength of bevel and hypoid gears:
method B1 and method B2. They are provided in Clauses 6 and 7, while Clause 8 contains those influence

6 © IS0 2023 - All rights reserved
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factors which are equal for both methods. Method B1 contains one set of formulae for both, bevel and
hypoid gears. Method B2 has different sets of formulae for bevel gears and for hypoid gears (see 7.4.3
for general aspects).

With both methods, the capability of a gear tooth to resist tooth root stresses shall be determined by
the comparison of the following stress values:

— toothrootstress op, based on the geometry of the tooth, the accuracy of its manufacture, the rigidity

of the gear blanks, bearings and housing, and the operating torque, expressed by the tooth root
stress formula (see 6.1 and 7.1);
— [permissible tooth root Stress opp, based on the bending Stress NUmber, O, Of a stgndard test

NO']
ado
doc
the

Thd
of t
stra

Thd

Too
can

is ipterrupted. Therefore, the chosen value of the safety factor, S, against tooth root break

be d
cho

[th root breakage usually ends transmission service life)The destruction of all gearsina tr
be a consequence of the breakage of one tooth, them;the drive train between input and output shafts

gear and the effect of the operating conditions under which the gears operate, expres
permissible tooth root stress formula (see 6.2 and 7.2).

E In respect of the permissible tooth root stress, reference is made to a stress“number”, a
bted because pure stress, as determined by laboratory testing, is not calculated\by the form
hment. Instead, an arbitrary value is calculated and used in this document, with’accompanying
hllowable stress number in order to maintain consistency for design comparisoen:

ratio of the permissible root stress and the calculated root stressiis the safety factor Sg
he minimum safety factor for tooth root stress, Sg,;,, should be*z 1,3 for spiral bevel
ight bevel gears, or where B, < 5°, Sg ,;;, should be = 1,5.

gear designer and customer should agree on the value of the minimum safety factor.

arefully chosen to fulfil the application requirements (see ISO 10300-1 for general comm
ce of safety factor).

sed by the

designation
ulae in this
changes to

The value
gears. For

hnsmission

age should
ents on the

6 |Gear tooth rating formulae —Method B1
6.1 Tooth root stress formula
The calculation of the toothroot stress is based on the maximum bending stress at the tooth root. It is
determined separately for,pinion (suffix 1) and wheel (suffix 2) in accordance with Formulg (1); in the
cas¢ of hypoid gears, additionally for drive flank (suffix D) and coast flank (suffix C):
Or.g1 =OFo-Bf-Ka Ky Kpg Kpg <Opp_p1 @8]
with the load factors Ky, K, Kpp, Kgo, which shall be as specified in ISO 10300-1.
Theg nominal tooth root stress is defined as the maximum bending stress at the tooth root (30° tangent
to theToot fillet):
c By v vy (2)
FO-B1 =7 Fa 'Ysa Ye "IBS ILS
v " imn
where
F,m¢ is the nominal tangential force of the virtual cylindrical gear in accordance with ISO 10300-
1:2023, Formula (2);
b, is the facewidth of the virtual cylindrical gear calculated for the active flank, drive or coast
side, as specified in ISO 10300-1:2023, Annex A;
©1S0 2023 - All rights reserved 7
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nominal bending stress at the tooth root for load application at the tooth tip;

is the tooth form factor (see 6.4.1) which accounts for the influence of the tooth form on the

is the stress correction factor (see 6.4.2) which accounts for the stress increasing notch effect

in the root fillet, as well as for the radial component of the tooth load and the fact that the
stress condition in the critical root section is complex, but not for the influence of the bending
moment arm;

termined for the load application at the tooth tip to the determinant position;

is the contact ratio factor (see 6.4.3) which accounts for the conversion of the root stress de-

The detern
a)
b) the mi
c)

the ou

interp

6.2 Permissible tooth root stress

is the bevel spiral angle factor, which accounts for smaller values for I, compared to the+

is the load sharing factor, which accounts for load distribution between two or motre pair

cewidth, b, and the inclined lines of contact (see 6.4.4);

eeth (see 6.4.5).

hinant position of load application is:

)

er point of single tooth contact, if ,5= 0
Hpoint of the zone of action, ifsvﬁ >1;

lation between a) and b), if 0 < g,5< 1.

ptal

s of

The permissible tooth root stress, ogp, shall be calculatedseparately for pinion and wheel. The values
should preferably be evaluated on the basis of the strength of a standard test gear instead of a prismjatic
specimen, which deviates too much with respect to sithilarity in geometry, course of movement pnd
manufactujre.

OFp-B1[=OFE "YNT 'Y reir-B1 " YRreiT-B1 " ¥X (3)

OFp-B1[=OFlim " YsT “YNT V5 reir-B1 YR reim-B1 Y (4)

where

OFg is the allowabte stress number (tooth root);

OFg = Of)im1,2 “¥51 1S the basic bending strength of the un-notched specimen under the assump-
tion thatithe material (including heat treatment) is fully elastic;

Opiim | i theé nominal stress number (bending) of the test gear, which accounts for material, heat
treatment and surface influence at test gear dimensions as specified in ISO 6336-5;

Yor is the stress correction factor for the dimensions of the standard test gear, Ysr = 2,0;

Ys reir-p1 1S the relative notch sensitivity factor for the permissible stress number, related to the
conditions at the standard test gear (see 6.5.2), Y5 .1 = Ys/Ysy accounts for the notch sen-
sitivity of the material;

YR rert-1 1S the relative surface condition factor (see 6.5.1), Yy 7 = Yg/Ygr accounts for the surface
condition at the root fillet, related to the conditions at the test gear;

Yy is the size factor for tooth root strength, which accounts for the influence of the module on

the tooth root strength (see 8.1);

© IS0 2023 - All rights rese
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YT is the life factor, which accounts for the influence of required numbers of cycles of operation
(see 8.2).

6.3 Calculated safety factor

The evaluated tooth root stress, oy, shall be < opp, which is the permissible tooth root stress. The
calculated safety factor against tooth root breakage shall be determined separately for pinion and
wheel:

¢ _9FPBl _ ¢ (5)

NOTE This is the calculated safety factor with respect to the transmitted torque.
Cornlsiderations in reference to the safety factors and the risk (probability) of failure afe given in
[SO{10300-1:2023, 5.2.

6.4 Tooth root stress factors

6.4]1 Tooth form factor, Y,

6.4{1.1 General

Thd tooth form factor, Y, accounts for the influence of the'tooth form on the nominal tooth|root stress
in the case of load application at the tooth tip. It is determined separately for pinion and whejel. In doing
so, the possibility to manufacture bevel and hypoid'gears with different pressure angles af drive and
coafpt side shall be considered (see Figure 1).

In the case of gears with tip and root relief, the actual bending moment arm is slightly smaller, but this
shopld be neglected, and the calculation is*on the safe side.

Beviel gears without offset generallyhiave octoid teeth and tip and root relief. However, devigtions from
an involute profile are small, especially in view of the tooth root chord and bending moment arm, and
thug both, tip and root relief, are'\neglected when calculating the tooth form factor.

Theg distance between the contact points of the 30° tangents at the root fillets of the tooth pyofile of the
Vir]:al cylindrical gear iStaken as the critical section for calculation (see Figure 1).

By method B1 of IS@10300, the tooth form factor, Y, and stress correction factor, Yg,, are determined
for the nominal géap without deviations.

©1S0 2023 - All rights reserved 9
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Figure 1 — Tooth root chordal thickness, s;,,'"and bending moment arm, hg,, in normal section

for load application, F,, at thectooth tip of the virtual cylindrical gear

6.4.1.2 Tooth form factor for generated gears

6.4.1.2.1 | General

The tooth form factor, Yg,,cof\generated bevel gears is calculated with parameters of the active f]
of the virtyial cylindricakgear in normal section which includes the corresponding effective press
angle a,p ¢r a,.c (seeISO"10300-1:2023, Annex A). However, the direction of the normal force, F)
relation tothe tangenfial force, F, ., is given by the generated pressure angle a, or a;c.

The tooth form factor, Yy, and its parameters shall be determined for the pinion (suffix 1) and the w

Ank
ure
, In

neel

(suffix 2) spparately:

hgap c
6- “COSOlpanD C
m )
_ mn
YFaD,C - 2

S

& . COS anD C

mmn

where

hgapc and hgynp ¢ see 6.4.1.2.5;
a, = a,p = generated pressure angle for drive side (specified in ISO 23509);

a, = a,c = generated pressure angle for coast side (specified in ISO 23509).

(6)
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See Figure 1 for the explanation of parameters. See ISO 6336-3[1] for more information about the tooth
form factor.

6.4.1.2.2 Auxiliary quantities

For the calculation of the tooth root chord, sg,, and the bending moment arm, hg,, firstly, the auxiliary
quantities E, G, H and 9 shall be determined.

The parameter, E, is calculated for the magnitudes of the active flank. For generated gears, the effective
pressure angle a, = a,p for the drive side and a, = a . (see ISO 23509) for the coast side, respectively,
are used in F‘m‘mnln (7) The cutter pdup radii 265 and A 6eAS well as the prnfnhpranrp SD.c €an be

diffprent, but not h,,, which is the tool addendum:

NOTE Formulae (7) to (22) are only valid if there is a real mean normal top land (pdsitive yalue) of the
virtpal cylindrical gear.

T Paon,c *(1=sin0tep ¢ )= Sprp c
ED,C :[__Xsm )’mmn _haO 'tanaeD,C - P (7)
4 COSClep
h
G c _Pane a0 )
mmn mmn
2 r Epc /4
Hpc = 15 - (9
ZvnD,C 2 My 3
2:-Gpc
Ypc = -tandp ¢ —Hp ¢ (10)
vnD C

For|the solution of the transcendent Formula\[10), 9 = /6 should be inserted as the initfal value. A
suggested value for the difference (J ©)9) is 0,000 001. In most cases, the calculatipn already
conferges after a few iterations.

new

6.4]1.2.3 Tooth root chordal thicKness, s;

Thd tooth root chords sp,, atid 5z, are calculated for pinion and wheel, each with the coryesponding
geometry data for the driveflank and the coast flank:

(T Gpc  Paopc
SFnD,C =™Mmn " ZyaD,c “SIN __0D,C + My \/§ - (11)
3 cospc  Mpyy
Then, the respgctive tooth root chord sg, for pinion or wheel results in:
Spn, =955 Spnp +0,5-Spnc (12)

6.4.1.2.4 Filletradius, pp, at contact point of 30° tangent

The fillet radius, p, is calculated with the corresponding geometry data for the drive flank and the
coast flank:

2
2'GD,C "My

PFD,C =Paopc T (13)

2
costh '(ZvnD,c (cosBp ¢ ) _Z'GD,C)

©1S0 2023 - All rights reserved 11
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6.4.1.2.5 Bending momentarm, hg,

The bending moment arm, hg,, is calculated with geometry data referring to the drive flank and to the
coast flank:

hgapc =

My . dyanp,C T Gpc  Paopc (14)
—2H+| (08 Yap ¢ —SiNYap ¢ *tANUpanp,c )~ —Zynp,c "€OS| = pc |- +
2 m 3 cos ﬁD,c My

mn
where

OFanD,d = %anD,c ~YaD,C 15)

dybnp,C
Oanp,c [Farccos vono, [16)

vanD,C

1 I . .
YaD,C . ~[—+2(th ‘tanap ¢ +xsm) +invap ¢ —invog,p ¢ 17)
vnD,C

Data of the|virtual cylindrical gears (pinion and wheel) in normal section, dgy,, d,,, and z,,, are specified
in ISO 103(0-1:2023, A.3. Dimensions at the basic rack profile of the togth are shown in Figure 2.

At the design stage, the tooth form factor Y, for bevel gears withoutoffset may be calculated for a bpsic
rack profilg of the tool with the following data «, = 20°, h,o/m,,, =},25, and p,,/m,,, = 0,25.

6.4.1.3 Tooth form factor for non-generated gears

The tooth form factor, Y%, for non-generated gears sho@ld be considered separately. In this case of fprm
cutting, the slot profile of the wheel is identical to the tool profile and so the tooth form factor |can
directly beldetermined (see Figure 2).

The tooth lLorm factor of the mating pinion,which is manufactured by an adapted generating process, is
approximated by the formulae according to'6.4.1.2.

12 © IS0 2023 - All rights reserved
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Tooth root thickness of the wheel (suffix 2):

Spnp,c =T Mpp —2-Ep ¢ =2 paop ¢ -€0s30°

where

Paon,c -(1=sinop ¢ ) =Sy c

cosayp ¢

_ I
ED,C - Z_Xsm "Mpmn _haO 'tananD,C -

The tooth root chord s, is then calculated by:

Skn = 0,5 Spnp + 0,5+ Spnc
Fillgt radius at contact point of 30° tangent:
P¥D,Cc =PaoD,C

Bending moment arm:

p
a0DC

T
hgap,c = hao — My _(Z"'Xsm —tanoyp ¢ j My - tanGnyc
Tootth form factor of the wheel according to Formula (6) with*ag,,p ¢ = @,p ¢!

. hFaD,C
m

6

mn

2
SFn
Mmn

Yeap,c =

Mo U/ b)-x ]

|
|
o |
< Sy |
“n '
< P |
|
LN
|
XZ |

By

QS

a) With protuberance
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(18)

(19)

(20)

(21)

(22)

(23)
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Mo U/ b)-x ]

O

hfr:hao

b) Without protuberance

Figure 2 — Dimensions at the basic rack profile of the tooth

6.4.2 Stress correction factor for load at tooth tip;-Y,

The stress|correction factor for load at tooth tip,Ys,, accounts for the stress increasing notch effect
in the roof fillet as well as for other stress components which arise beside the tooth root stress [see
1SO 6336-3UI for additional information).

e
1521+2,3/L
YSaD,C :=(1'2+0'13'LaD,C )'QSD,C[ Mha.c 24)
S
LaD,C = hA 25)
FaD,C
SFn
l 26
15D 2 prpe )
where

Sgn,  is calculated for generated or non-generated gears according to Formula (12) or Formula (20);

hg, iscalculated for generated or non-generated gears according to Formula (14) or Formula (22);

pr  iscalculated for generated or non-generated gears according to Formula (13) or Formula (21).

The range of validity of Formula (26) is 1 < g4 < 8 (see IS0 6336-3[ for the influence of grinding notches).

6.4.3 Contact ratio factor, Y,

&

The contact ratio factor, Y, converts the load application at the tooth tip, where the tooth form factor,
Y, and stress correction factor, Ys,, apply, to the determinant point of load application.

14 © IS0 2023 - All rights reserved
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There are three ranges for &,4 to calculate Y;:

a) foreg,z=0:
Y, :0,25+0'7520,625 (27)
gVOt
b) for0<gp<1:
v, =025+ 22 ¢, -(0'—75—0,375)20,625 (28)
E E
VO NI 7
) |forg,p=1:
Y, =0,625 (29)

6.4}44 Bevel spiral angle factor, Yi

Thq bevel spiral angle factor, Ygs, accounts for the non-uniform distribution of the tooth
along the facewidth. The stress distribution depends on the inclinatien of the contact lineg
spittal angle. With an increasing spiral angle, the inclination anglé also increases till the ca
are(limited by tip and root of the teeth. Thus, the facewidth isiiot completely used to cart
Thi} leads to a higher stress maximum in the tooth root ind¢he/middle of the facewidth (seg
whgre a tooth developed into a plane is replaced by a cantilever beam.

The bevel spiral angle factor Ygs is not validated for bevel gears with 5, = 0°, for example str
geafs. In this case the assumption Yg = 1,0 may be ‘considered in the calculation.

root stress
due to the
ntact lines
y the load.

Figure 3),

hight bevel

AN

NOTE All dimensions in this figure are projected in a plane.

Figure 3 — Definition of geometric parameters of tooth model

© IS0 2023 - All rights reserved
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Ygs is given by the following empirical formulae [i.e. Formulae (30) to (33)]:

2
l
Ygs =—BS .| b _ 1 05.pge | +1 (30)
CBs ba
2
2-b, 2-b,
agg =—0,0182-| ——— | +0,4736:| —————— |-0,32 (31
hml +hm2 hml +hm2
2:b, Y 2:b
bgg =—0,0032. ——3a | 400526 ——2 140712 32)
hml +hm2 hml +hm2
2:b, Y 2:b
cgs =0,0050-| ——2— | +0,0850-| ———— |+0,54 33)
hml +hm2 hml +hm2
with auxilipry values agg, bgs, cgs and mean whole tooth depth, h,, as specified in ISQ23509.
The developed length of one tooth as facewidth of the calculation model:
b, =by|/cos B, 34)
Part of the|model’s facewidth covered by the contact line:
Ly = by cosByp. 35)
cos 3,
6.4.5 Lopd sharing factor, Y| ¢
The load sharing factor, Y| 5, for bending accounts for load sharing between two or more pairs of teeth:
Yis =7fs 36)
with load gharing factor, Z; 5, in accordanee with ISO 10300-2:2023, 6.4.2 shall apply.

6.5 Permissible tooth root-stress factors

6.5.1 Re

The tooth 1
the root fil
gear condi
for pinion

lative surface condition factor, Yy 1.5,

oot strength'depends on the surface condition at the root predominantly on the roughnes
et. The supface condition factor, Yy, .1, accounts for this dependence related to standard

(suffix 1) and wheel (suffix 2). If no surface condition factors determined accordin

sin
test

fions with Rz = 10 um (see ISO 6336-3[L for general remarks) and is determined separafely

r to

method A §

re_available, method B described in Clause 6 shall be used.

This method is only valid if there are no scratches or similar defects deeper than 2 Rz. The relative
surface condition factor, Yy 1, determined by tests with test specimens, is calculated as a function of

roughness

Rz and material.

Formulae (37) to (42) shall be used depending on two ranges of roughness.

Range Rz < 1 pm:

a) For through hardened and case-hardened steels:

YR,relT

=1,12

b) For non-hardened steels:

16

(37)
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YR,relT =1,07 (38)

c) For grey castiron, nitrided and nitro carburized steels:

YR,relT =1,025 (39)

Range 1 pym < Rz < 40 pum:

a) For through hardened and case-hardened steels:

Y;
YR,relT :Y—R=1,674—0,529.(RZ+1)1/10 0
RT

b) [For non-hardened steels:
)¢
YR rerr = —2-=5,306—4,203-(Rz +1)"/1% (41)
Yrr
c) |For grey castiron, nitrided and nitro carburized:

Y,
Viperr =, =4,299-3,259-(Rz +1)!/2%0 )
RT

6.512 Relative notch sensitivity factor, Yy .o 1.5¢

6.5{2.1 General

The dynamic notch sensitivity factor, Y5, indicates the amount by which the theoretical gtress peak
exceeds the permissible stress number in_ the case of fatigue breakage. It is a function of the material
and relative stress drop. It is possible tefcalculate the notch sensitivity factor on the basis pf strength
valyes determined at un-notched ornetched specimens, or at test gears. If more exact test results
(mgthod A) are not available, method.B described in Clause 6 shall be used.

The calculation of permissibleitooth root stresses of bevel gears is based on bending strength values
dete¢rmined for both, bevelrand cylindrical test gears. Therefore, the relative notch sensitiity factor,
Y5 réi1 is the ratio between the sensitivity factor of the gear to be calculated and the sensitivilZy factor of
the[standard test gear:

6.5(2.2 Yy .15 for reference stress

In lorder t¢ )calculate the relative notch sensitivity factor, Yy, p according to nfethod BI,
Formulae $43) and (44) shall be used:

1+\VID,'7§2

Ys relT1,2 =—— 77— (43)
) , X
1+vp X7
where p’shall be taken from Table 4 as a function of the material;
x 1
X12 :g'(1+2'q51,2) (44)
)(%( is derived by using q. = 2,5 from test gear.
X7 =1,2 (45)

©1S0 2023 - All rights reserved 17
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Table 4 — Slip layer thickness p’

Slip layer thickness
No. Material p'
[mm]
1 GG op =150 N/mm? 0,312 4
2 GG, GGG (ferr) og =300 N/mm? 0,309 5
3 NT (nitr.), NV (nitr.), NV (nitrocar.) for all hardnesses 0,100 5
4 St 0g =300 N/mm? 0,083 3
5 St ae=400N/mm? 00445
6 V, GTS, GGG (perl., bai.) 002 = 500 N/mm? 0,028 1
7 V, GTS, GGG (perl., bai.) 09,2 =600 N/mm? 0,0194
8 V, GTS, GGG (perl,, bai.) 0,2 = 800 N/mm? 0,006 4
9 V, GTS, GGG (perl., bai.) 0= 1000 N/mm? 0,001 4
10 Eh, IF (root) for all hardnesses 0,003 0

6.5.2.3 Y . 1.p1 fOr static stress

Y rerr fOr's

a) ForSt

Y5 relT

b) For St

Y5 JrelT

fatic stress can be calculated using Formulae (46) to (51).

vith well-defined yield point:

1+0,93-(YSa—1).4/@
_ Os
| B1 =
1+0,93-4 @
\ O

vith steadily increasing elongation curveand 0,2 % proof stress, Vand GGG (perl., bai.):

1+0,82-(Ys, —1)-4{ﬂ
_ 00,2
L B1 =
1+0,82~4/@
0o

These valugs are only valid if the local stresses do not reach the yield point.

c) ForEh

and IF (root) with/stress up to crack initiation:

Y5,relT—Bl = 0’44YSH +0,12

d) For NT and NV with stress up to crack initiation:

Y5 rel

46)

47)

48)

e) For GTS with stress up to crack initiation:

Y5,relT—Bl = 0,075 YSa +0,85

f) For GG and GGG (ferr.) with stress up to fracture limit:

Ys reir-1 =1,0

18

[49)

(50)

(51)
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Gear tooth rating formulae — Method B2

Tooth root stress formula

The tooth root stress is determined separately for pinion (suffix 1) and wheel (suffix 2):

Or.B2 =Or0-B2 K Ky Kpg Ko <Opp.p2

with load factors K, K,, Kpg and Kg,, which shall be as specified in ISO 10300-1.

(52)

Thdtoothroot stress o _g, Is defined as the maximum tensile stress arising at the tooth roo

no

Wh

inal torque when an error-free gear is loaded.

bn applying method B2, the combined geometry factor Yy replaces the factors Y, Y<,, Y,

of method B1 in the tooth root stress formula:

Thd

Sub

wh

The
mos
the
maft
effe

' 2
Y12 Mgy
stitution in Formula (53):

Fiei2 Mmez Va2

b, mi, Y2

OFp-B2 =
bre

F,. isthe nominal tangential foree of bevel gears in accordance with ISO 10300-1:202
Y,  istheroot stress adjustment factor for method B2 (see 7.4.7);
Y is the bending strength geometry factor for method B2 (see 7.4.3).

bending strengthgeemetry factor, ¥}, evaluates the shape of the tooth, the position af
t damaging load:is-applied, the stress concentration due to the geometric shape of the
sharing of load between adjacent pairs of teeth, the tooth thickness balance between the

ct of an extended facewidth on one member of the pair. Both the tangential (bending)

(compressive) components of the tooth load are included.

F due to the

Ygsand Y] g

(53)

(54)

(55)

B, 6.1;

which the
root fillet,
wheel and

ing pinion, the effective facewidth due to lengthwise crowning of the teeth, and the lputtressing

and radial

7.2

Permissible tooth root stress

The permissible tooth root stress, ogp, is determined separately for pinion and wheel. It should be
calculated on the basis of the strength determined at an actual gear. In this way, the reference value for
geometrical similarity, course of movement and manufacture lies within the field of application:

OFp-B2 =OFE " YNT Vs reiT-B2 " YR relT-B2 - YX

OFp-B2 =OFlim  YsT "YNT ‘Y5 relT-B2 YR relT-B2 " YX

© IS0 2023 - All rights reserved
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where

is the allowable stress number (bending);

= Ogim1,2 * Ysp IS the basic bending strength of the un-notched specimen under the as-
sumption that the material (including heat treatment) is fully elastic;

is the nominal stress number (bending) of the standard test gear, which accounts for
material, heat treatment, and surface influence at test gear dimensions as specified in

ISO 6336-5;

YS,relT—I

YR,relT-

Yx

YNT

7.3 Calc

The detery
calculated
wheel, on t

SE.B2 3

NOTE '

Consideratj
ISO 10300-

7.4 Toof

74.1 Ge

To calculat]

is the stress correction factor for the dimensions of the standard test gear, Ys1 = 2;0;

is the relative notch sensitivity factor (see 7.5.2) for the bending stress numberyelate
the conditions at the standard test gear (Y .1 = Y5/ Y5 accounts for the notCh sensiti
of the material);

N

5o is therelative surface condition factor (see 7.5.1) (Yg o7 = Yr/Yrr acgounits for the sur

condition at the root fillet, related to the conditions at the test gear);

is the size factor for tooth root strength (see 8.1), which acceunts for the influence of
module on the tooth root strength;

is the life factor, which accounts for the influence of required numbers of cycles of o
ation (see 8.2).

ulated safety factor

nined tooth root stress, oy, shall be < opp, which is the permissible tooth root stress.

'his is the calculated safety factor with respect to the transmitted torque.

d to
ity

face

the

per-

The

safety factor against tooth root breakage“shall be determined separately for pinion and
he basis of the bending stress number determined for the standard test gear:
OFp-B2
> SF min 58)
OF-B2

ions in reference to-the”safety factors and the risk (probability) of failure are givep in
1:2023,5.2.

h root stressfactors

neral

e the bending strength geometry factor, ¥}, Formula (59) in 7.4.3 should be used. Because of

the compl

ity of the calculation, computerization is recommended

ANSI/AGMA 2003[4] contains graphs for the bevel geometry factor, Y}, for straight, Zerol and spiral
bevel gears for a series of gear designs, based on the smaller of the facewidth to be chosen b = 0,3 - Re
or b =10 - m,,. Corresponding graphs for hypoid gears can be found in AGMA 932.[5] These may be used
whenever the tooth proportions and thickness, facewidths, tool edge radii, pressure and spiral angles
of the design, and driving with the concave side, correspond to those in the graphs.

20
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2  Stress parabola according to Lewis

The basis for method B2 is the Lewis formula applied to a virtual cylindrical gear, which has been
defined in transverse section as specified in ISO 10300-1:2023, Annex B, with the following additions

and

modifications:

the tooth strength is considered in the normal section rather than in the transverse section;

the position of the point of load application is determined by taking into account theoretical lines of

contact, tooth bearing modifications and experimental evidence;

Berlding stress shall be calculated assuming the tooth shaped beam is-simulated by a parab

tot
loaq

7.4

Thd
HoV
7.4.]

Thd

whyd

4] de. £.1 a | LI I | 4= 4] . b PR I ) | de. 41 1 . L
LT 4dIIIUUIIL U 1TUQU LAl TITU Dy UIIT LUULIT IS THSLHIIdLCU UdsSTU Ul TUULIDT DTATTITg TTTUUIT

contact ratio;
the radial component of the normal load is considered;
a stress concentration factor based on experimental data are applied;

the concept of effective facewidth is used.

he tooth profile at the most highly stressed section. Figure 4 shows a layout for the cas
| sharing and b) load sharing.

3 Basic formula of geometry factor, Y;

parameters for calculating the geometry factor, ‘¥4’are the same for bevel and hyj
vever, the calculation procedures are different. Sé¢ 7.4.4 for bevel gears without hypo

b for hypoid gears.
bevel geometry factor, Y}, is calculated using’Formula (59):
IRST Tmy01,2 Dee1z Mmct2
Yj1p= . . .
Yeiz enYi Mmpriz P10
bre
Y1, is the tooth fofmfactor of pinion and wheel (see 7.4.4.4 for bevel gears and 7.4.5.4
gears);
N is the load sharing ratio (see 7.4.4.3 and 7.4.5.2, respectively);

cation and

bla tangent
es of: a) no

poid gears.
d offset or

(59)

 for hypoid

'myo1,2 isth€mean transverse radius to point of load application for pinion or wheel, in millimetres

(see 7.4.4.2 and 7.4.5.5);

Imgi12~  is the mean transverse pitch radius, in millimetres (see ISO 23509);

©IS

A4 icthao ctracce copmonmtatiogy o d Aokl Fo otk (can 74 £ D).
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)
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b) Load sharing

7.4.4 Geometry factor, Y, for bevel gears (for hypoid gears, see 7.4.5)

7.4.4.1 Point of load application for maximum tooth root stress, y;

For most straight, Zerol and spiral bevel gears, the maximum tooth root stress occurs at the equivalent
of the highest point of single tooth contact when the modified contact ratio is < 2. When the modified
contact ratio is > 2, it is assumed that the contact line passes through the centre of the path of action.
For statically loaded straight bevel and Zerol bevel gears, such as those used in automotive differentials,
the load is applied at the tip of the tooth. In any case, the relative position is measured along the path
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of action from its centre, and is designated by yj. Its relative distance from the beginning of the path of
action is designated by y5.

So, there are three cases for the determination of y;:

when g, < 2,0:

vy =
My, ~COSO,  Yp
y=——m 2t (60)
Met2 2
for a, 1S0 10300-1:2023, Formula (B.16), and for g, [SO 10300-2:2023, Formula (34) apply
when g, > 2,0:
y;=0 (61)
for ptatically loaded straight bevel and Zerol bevel gears (tip loading):
9n
=1 62
Y] > (62)
wheére
2 2 4 2 : 2
In =Y9von " €OS :Bvb +bv,rel '(Sm ﬁvb) (63)
Thd determination of the distance, y;, depends on the.type of bevel gears:
for ptraight bevel and Zerol bevel gears:
ooV
y3 — gvan + vanz I (64’)
2
9n
for ppiral bevel pinions:
2 2 ’
Ivon Gvon Yy LOS ﬂvb +bv,re1 “Yvon "9 -k’-sin ﬁvb
Y31 = + 3 (65)
2
9n
for gpiral bevel whegls:
2 2 ’
Ivotir—Yvan Y] '(Cosﬁvb) _bv,rel "Gvon 9] -k ’Smﬁvb
Y32 = + > (66)
2
9n
wheére
9=\t -4y} (67)

k'is the contact shift factor [see ISO 10300-1:2023, Formula (B.26)].

7.4.4.2 Transverse radius to point of load application, r,, 1 ,

Since the point of load application does not usually lie in the mean section of the tooth, the actual radius
is determined using Formulae (68) to (75). The distance from mean section to point of load application,
Xo01,2» Measured in the lengthwise direction along the tooth, is calculated depending on the type of
gear:

a) for straight and Zerol bevel gears:
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bv,rel “von Y] 'k,'metz

X001,2 = 2 (68)
9n
b) for spiral bevel pinion:
’ 2 2 :
bv,rel "Gvan "9 k '(Cosﬁvb) LY) _bv,rel PARELY ﬂvb "Mggp
X001 = 2 (69)
9n
c) for spiral bevel wheel:
’ 2 2 .
bv,rel “Gvon "9 k '(COS ﬁvb) ‘Mg +bv,rel "y -sin Bvb Mgt
XOOZ = 2 70)
9n
The norma]l pressure angle at point of load application, a; ,, for pinion and wheel is derived from:
V31,22 + 0y, SINOG, — Iva2,1 ~Tvbn2,1
tan .1 2= 71)
rvbnl,Z
The rotatign angle, &, ,, used in bending strength calculations for pinion and wheel, &, ; ,, is:
Svmn1,2 . .
Shi2 =fm————inveoyq 5 +sinay, 72)
2'rvnl,Z

Relative diptance from pitch circle to the pinion point of load application and the wheel tooth centreline
is:

I,
vbn1,2
Aryo12=———"Tyn1,2 73)
COS ahl'z
where
Oh12 F0%1,2 —Sh12 | 74)

Mean trangverse radius to point ofToad application, in millimetres:

R +x

m 001,2

Tmy01,d ="mpt1,2 '(—R ]+Ary01,2 Mgy 75)
m

7.4.4.3 lload sharingTatio, ¢y

The load sharingxatio, €y, is used to calculate the proportion of the total load carried on the tooth bging
analysed. It is’given by Formulae (76), (77) and (78):

k=x 3
13 3 2 n-m -Cosa m-m -COSU
g] :g] +Z\/{g] —4.k- mn a (k' mn a +2'y] ﬂ
k=1

Mgt

k=y 3
T-m -COS 0. T-m -COSO.
+§:\/|:g]2—4-k' mn a.[k. mn a_z'y]ﬂ
k=1

(76)

Mg Mg

In Formula (76), k is a positive integer, which has successive values from 1 to x or y, generating all real
terms (positive values under the radical) in each series. Imaginary terms (negative values under the
radical) shall be ignored. For most designs, x and y are not greater than 2.
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The load sharing ratio is:

3
g
ey ="b (77)
9
For statically loaded straight and Zerol bevel gears:
ey=1,0 (78)

7 4 44 T delag £ g A 9.4
ST 1T0OUUL IUTIIT 1dlWUL, 1 12
)

The tooth form factor incorporates both the radial and tangential components of the normallload. Since
thiq factor defines the weakest section, its value shall be determined by iteration for pinion/and wheel
sepfrately.

1-sino
9012 =05 Symn1,2 + yfm1,2 - tanay, + Pya01,2 (—DJ (79)
coso,
9yb1,2 = Nyfin1,2 — Pva01,2 (80)
9£01,2(1) =901,2 T 9yb1,2 (81)

Start of iteration with g4 5(1) as initial value:

9f01,2
12= (82)
rvn1,2
Ixb1,2 =9f01,2 —901,2 (83)
97a1,2 = 9yb1,2 " €0SE1 2 —Gyp1,2 *SME; 5 (84)
92b1,2 =9yb1,2 SINE1 2 + Gxpi 2 "€0SEq (85)
tanTLZ = gzal‘z (86)
92b1,2
SN1,2 =Tvn1:2%51N&1 2 —Pyao1,2 "COST1 2 — Ggp1,2 (87)
N1 B Ay012 +Tunt2 - (1-C08&1 2 )+ Pyagt2 -SINTy 2+ Gza1 2 (88)
Change gy, , until
S -cott
INLz T2 2,040,001 (89)

hy1,2

For the second trial, make gy 202 = Gro1,201) + 0,005 = my,. For the third and subsequent trials,
interpolate. For this calculation, m,, shall be used without unit.

End of iteration.
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Tooth strength factor:

N1,2

Tooth form factor for bevel gears without hypoid offset:

Yio=

1

14 tan A\

(90)

(91)

7.4.5 Ge

7451 1

Tooth surf

Drive flanK
Opnf =

where 65, i

Coast flan}
Ocnf =
Average pr]
Aoy =

Limit press

O =0

Relative di

|

W | N

TRy
ule,z 3-5N1,2 JJ
ometry factor, Y], for hypoid gears

hitial formulae

pressure angle in wheel root coordinates:
0tqp — 652 -sin fiyp
s the dedendum angle of the wheel (given in ISO 23509:2016, Table C.5).

[ pressure angle in wheel root coordinates:

anc +0f2 : Sinﬁmz

essure angle unbalance:

Opnf —OCnf )
2,0

ure angle in wheel root coordinates:

m ~ 6 -5 By

stance from blade-edge to centreline:

O+ w o.p+a
hfm2 -tan nD nC +—m2 | o nD nC
2,0 2,0

Irb =

Mgy

ice points are calculated using the function eftanos approximate the tooth surfaces.

92)

93)

94)

95)

96)

h . 1 1 1o L P s 1CA- 2200201 £ - EIahY
where sz 15 WIICTTIHITAITI STUL WIULIT (SCT 10U 400U 7. AU 10, T'Igul'T 10 ].
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Intermediate value:

Irb
Np =tanapps | ——— My
Sll’l(Zan

Intermediate value:

Irb
Mg =—tanocyf | ———— —Nyfm2
sinocyf

1SO 10300-3:2023(E)

Inte

Intd

Intd

Intd

Wh

Wh

Wh

diot 1
TTITCUTATC aITgTIC,

W o.p+o on+o
m2 Puaoz | sec nD nC —tan nD nC
2,0- Mgy 2,0 2,0

tan 3, =
thmZ ~ Pva02

rmediate angle:

(Bp —Aa)=B, —Aoy

rmediate angle:

(Bc—Ax)=-B, —Aoy
rmediate value:

hvfmZ ~ Pva02

1= cos f3,
bel angle between centreline and fillet point on drive side:

g1 -sin(fp —Ax)
'vn2 —91 'COS(ﬁD —AOC)

tanAfp =

bel angle between centreline and fillet point on coast side:

g1 -sin(Bt —Aa)
Tyn2 Gy cos(Bc —Aa)

tanAQ; =

bel angle between fillet points:

Oy ABp +AB

AB, =
2 2,0

wh

©IS

02023 - All rights reserved

L) - 1 Ly ) £ aaads. 1 1. e 1 1 1L A faVaV: Wats ¥aVali s Vate Lo i nl
1T Uv2 IS dllguldl pIttil Ul viIirtudl Ly IIiuritdal WiITTLHSTT IOV 1UOUUTL. LUL O, 1

1
Ul llula

(97)

(98)

(99)

(100)

(101)

(102)

(103)

(104)

(105)
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Relative vertical distance from pitch circle to fillet point:

Y1 =Nn2

_[ryn2 =91 -cos(Bp —Aa)]-cos (A6, —Ab))
cosAfp

n

Relative horizontal distance from centreline to fillet point:

[Fyn2 — 91 -cos(Bp —Aa)]-sin (A6, —A6)

Generated

cosAfp

nressure angle of wheel at fillet noint [reguired for Formula (15511
I3 5 o T ooy

(106)

(107)

O N2 SOpns —A6;

Relative di

stance from centreline to tool critical drive side fillet point:

Up1 =Tp ttanopye '(hvfml + hvfmZ ) * Pvaot -(secaan —tan(anf)

Relative di

stance from centreline to tool critical coast side fillet point:

Jen
Hci =T|c +tanocye '(hvfml +hyfma )+ Pvao1 '(SecaCnf —tanacyy ) +
et2
Wheel angle between centreline and critical pinion drive side fillet-point:
tan eD].S = L
Tyn2 + hvfml
Wheel angle between centreline and critical pinion coast side fillet point:
2 + hvfml

Relative ra

Rpi2 =

dius from tool centre to critital pinion drive side fillet point:

Tyn2 hvfml

cosOp g

Relative radius from tool cémtre to critical pinion coast side fillet point:

Rz =

Wheel ang

For start o

"yn2 + hvfml

CosS GCLS

e ffem centreline to pinion tip on drive side, 0p;:

(108)

(109)

(110)

(11)

112)

113)

(114)

iteration, assume 6 = 0,,,.

Ary =1y -(eem'tanaf —1,0)

hy =(rynz +Ary )-sin(oppe +6p1 ) = (rynz -Sinoppe = grp )

2 2 2 .
hyo =\/rva1 —(ryn1 —Ary )" -cos” (apys +0p1 ) —(ryn1 —Ary )-sin(opye +6py )

Change 0 ; until h;, = h; which is the end of iteration.

Wheel angle from centreline to tooth surface at critical fillet point on drive side, O,

28

(115)

(116)

(117)

© IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=ec1e817d0e82328396b67d2338ffe4fb

1SO 10300-3:2023(E)

For the start of iteration, assume 0 ,, = 1/2- 0 .

Opo,-tana .
Hp1o =T'vn2 '€ bzo f -sinfpy,

Change 0 p,, until up;, = up; which is the end of iteration.

Wheel angle from centreline to tooth surface at critical fillet point on coast side, 0,,:

For start of iteration, assume 6 ¢, =-1/2- 0 ,.

ya) tano
Hcio =Tynz € -°° ' -SInbcy,

Change 6, until p 1, = U ¢; which is the end of iteration.

Pinjon angle from centreline to tooth surface at critical drive side fillet point, Oy

Formula (120) shall be solved for 6 ;,,.

Fon2 _(eHDZO-tanaf _1'0):rvn1 .(1,0_89D10-tan(xf )

Pinjon angle from centreline to tooth surface at critical coast side fillet point, 8.4,:
Formula (121) shall be solved for 64,.

Fous .(eOCZO-tanaf _1’0)=rvn1 .(1’0_39C1o'tanaf )

Whegel difference angle between tool and surface;at drive side fillet point:
Abp20 =6pLs —Op2o
Whegel difference angle between togland surface at coast side fillet point:
Abcz0 =0cLs —0c20

Pinjon difference angle between tool and surface at drive side fillet point:

R -Sin A6
tan Ay, =— DL2 D20

Fynz +Tyn1 ~Rppz -c0s Abpy,
Pinjon differ€nce angle between tool and surface at coast side fillet point:

Rerz-sinAbcy,

tanA@ClO =—

Nyn2 +1yn1 —Repp cosAbc,,

Pinion angle unbalance between fillet points:

_Op1o +60c10 +A0p1 +A6c1,

A6
1 2

Pinion angle from centreline to pinion tip, 6p,,:

Formula (127) shall be solved for 6y,,.

Ary =11 -(1,0—3990 tanag )
Wheel angle from centreline to tooth surface at pitch point on drive side, 6:

© IS0 2023 - All rights reserved
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(119)

(120)

(121)

(122)

(123)

(124)

(125)

(126)

(127)
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For start of iteration, assume 6 = -1/3 - 0,,.
Arzrvnz-(eeD'tanaf —1,0) (128)
h= (ran +Ar)-sin(opys +6p )_(ran *sinapuf ~ g ) (129)

Change 0}, until h = 0,0 which is the end of iteration

The wheel angle from centreline to fillet point on drive flank, 6p,, is evaluated by iteration. The initial
Value, GDZ' should be determined annnr]ing onthe amount of (PVHA + /\r)-

a) (ran +HA I') > Tya2

b) (ran +HA I') =Tya2

6p2 =1,0-6p (131)

C) (ran +HA I') <Tya2

Start of itefation:

Ar, :rmz-(eeDZ'tanaf —1,0) (133)
h2 Z(r\nZ +ArZ)'Sin(OCan +9D2)_(rvn2'5inaan _grb) (134)
h :+\/2 - +Ary )% -cos? +6p, ) + +Ar, )-si +0 135
20 =M\ a1 ~(Tyn1 +Ar2)"-c0s” (apyg %6py ) +(ryn1 +Ar, ) sin(apye +6py) (135)

with +sign|if (r,,, * sina pp¢— 8,) <00 or -sign, if (r,,, * sine pr— g) 20,0

Change 6y until h, = h,, which(isithe end of iteration.

7.4.5.2 lload sharing ratio, &y, for hypoid gears

Load sharihg ratio for\hypoid gears:

ey =10 (136)
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7.4.5.3 Tooth strength factor, xy; ,, for hypoid gears

Relative length of action from pinion tip to pitch circle in normal section:

2 .
van1 =\/h% +(Ary —Ar)® =2,0-hy -(Ary —Ar)-sin(opys +0p1 ) (137)

Relative length of action from wheel tip to pitch circle in normal section:

2 :
von? =\/h% +(Ary, —Ar)® =2,0-hy-(Ary, — Ar)-sin(apys +0p7 ) (138)

Relative length of action in normal section for hypoid gears:

Yvonhyp =9Yvan1 T Gvon2 (139)

Profile contact ratio in mean normal section for hypoid gears:

€yanhyp = Yvan,hyp / Pron (140)

Modlified contact ratio for hypoid gears:

[ .2 2
Eyy =+/Evanhyp T Evp (141)

The profile load sharing factor is
a) |when ¢,,<2,0:

g =1,0-0,5¢,, (142)

b) (when € ,,22,0:

£ =0,0 (143)

The lengthwise load sharing factor is

a) |when € vy < 2,0:

£p =2,0\Je,7>1,0 (144)

b) [when & W= 2,0:

EFSEy, (145)
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Relative length of action from pinion tip to point of load application:

Ivan3

2 2 ’
_|Pmn *€van hyp O'S'EVJ/ €yp€p k
= 2 ) - T& |=9vani
gvy Svan,hyp Eva

Relative length of action from wheel tip to point of load application:

Ivons

Relative le

2 2 ’
_|Pmn *Evan hyp 0'5'8v7/ €yp€p k
- - - +€f |- Gvan2
Evy €yanhyp Eva

(146)

(147)

1gth of action to point of load application:

951,2 =Yvan,hyp ~Yvan3,4

Wheel angle from pinion tip to point of load application, 8}y;:

For start of iteration, assume Op; = -1/2 - 0,,.

Ary =1l '(69D3 tanay —1,0)

hg =(rjnz +Ars)-sin(apys +0p3 ) = (rynz - sinapye — gy )

2 2 2 .
3o =\[gvan3 —(Ar3 —Ar)”-cos® (apyg +6p3 ) —|Ars — Ar|-sin (@p ¢ +6p3)

Change 6},

until h; = h3, which is the end of iteration.

Pinion angle from wheel tip to point of load application, Oy ,:

For start o

[ iteration, assume 6, =1/3 - 0,,.

Ary =n, -(e9D4'tanaf —1,0)

hy =(rinz +Arg)-sin(apps +0pg ) =(ryn2 - sinoppe — grp )

2 2- 2 .
hyo =\|Gyoma —(Ary —A&F)"-cos” (apys +6pg ) —|Ary —Ar|-sin(apye +6p4)

Change 0p)} until hy=l, which is the end of iteration.

Relative di

AN =

Angle between centreline and line from point of load application and fillet point on wheel, a5,

stancefrom pitch circle to point of load application, Ary y,:

| (Fno +Arz)-cos(onye +6n3) _

(148)

(149)

150)

(151)

152)

(153)

(154)

Tyn2
COSOCLNZ

For start of iteration, assume o ,,,=2,0 - & p.

32

(155)
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Relative horizontal distance from centreline to critical fillet point:

SN2 = X1 = Pya02"C0S 0y, (156)

Relative vertical distance from pitch circle to critical fillet point:

Y2 = Y1+ Pyao2 SN0y, (157)

Relative wheel load height at weakest section:

hng = Y2 AN (158)
Audiliary value:
SN2
hyo, =———& 159
Nzo 2,0-tanory,, (159)

Change a,,, until hy, = hy,, which is the end of iteration.
At this stage, the wheel tooth strength factor is calculated by:

52
Xna :hN_Z (160)
N2

For|the pinion angle from pitch point to point of load application, ps:

Formula (161) shall be solved for 6.

Ary =ryny(1,0-e%05 20 | (161)

Pinjon pressure angle at point of load-application:

O N1 =Oyns +0pg —0Ops + A0, (162)

Relative pinion radial distande to point of load application:

ron1 —Ar, )eos(om, ¢ +0
Fate = ( vnl 4-) ( Dnf D4-) (163)
COSO N1

Start of iterati@n-comprising Formulae (164) to (177):

o p}, = 0tg,p-Should be used as initial value.

Wheelangle between centreline and pinion fillet, 6,

For an enclosed iteration, assume 6p,,,=1/2 - 0.

Ars = Tyz -€%D200 201 (164)

Upy = Tyn2 +hyfm1 — Pvao1 —Ar5-€0SOpo, (165)
tan OCDO

‘LlD =Ar5-sin9D200 (166)

Change 6p,,, until t = pp + Up, which is the end of the enclosed iteration.
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For the pin

ran'(e

ion angle between centreline and pinion fillet solve Formula (167) for 0p,,:

Op200 *tanog _1,0)=rvn1 .(1'0_69Dloo'tan0‘f )

Wheel rotation through path of action:

tan QLZ

Up1 — Pyan1 "€OSApo

2 t+ hvfml —Pvao1 t Pvao1 -sin Opo

0:

Wheel angle difference between path of action and tooth surface at pinion fillet:

(167)

(168)

A6D20c

Relative w

= 9L20 - 9D200

heel radius to pinion fillet point:

[vn2 +hvfm1 — Pvao1 1 Pvao1 *sin Opo

M20 =
Pinion ang

tan AGQ

Relative pi

cosO| 5,
e to fillet point:

I.20 SINABp 3,

Dloo — —
yn2 t1yn1 — .20 'COSAGDZOO

hion radius to fillet point:

[vn2 t7vn1 —11.20°COS A9D200

10 =
Pinion ang
(A6 -
Angle betw
061 =
Relative hd

SNl =n

Relative pi

th =T

cosAbp14,
e from centreline to fillet point:

B110) =261 —6p100 ~Abp10o
reen centreline and line frompoint of load application and fillet point on pinion, a4
0 _0D200 +9D100

rizontal distance £from centreline to critical fillet point:

10 °SIn(A0; B4, )

hion load height at weakest section:

10 ~T1.10°C0S(A; =6 1,)

169)

170)

171)

172)

173)

(174)

175)

(176)

Auxiliary value:

hy1o

SN1
2,0-tanory

Change o p, until hy; = hy;,

End of iteration.

At this stage, the pinion tooth strength factor is calculated by:

2

SN1

XN1 =

34

hy1

(177)

(178)
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