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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies (1ISO
member bodies). The work of preparing International Standards is normally carried out through 1SO 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
haison with ISO, also take part in the work. 1SO collaborates closely with the International Electrotechnical
Commission (IEC) on all matters of electrotechnical standardization.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 3.

Draft International Standards adopted by the technical committees are circulated to the member bodies for voting.
Publication as an International Standard requires approval by at least 75 % of the member bodies casting a vote.

Attention is drawn to the possibility that some of the elements of this part of ISO 10300 may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such patent rights. |

International Standard 1SO 10300-3 was prepared by Technical Committee 1SO/TC 60, Gears, Subcommittee
SC 2, Gear capacity calculation.

ISO 10300 consists of the following parts, under the general title Calculation of load capacity of bevel gears:
— Part 1: Introduction and general influence factors

— Part 2: Calculation of surface durability (pitting)
| — Part 3: Calculation of tooth root strength

Annex A forms an integral part of this part of ISO 10300. Annex B is for information only.

\ © I1SO 2001 - All rights reserved
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Introduction

Parts 1, 2 and 3 of 1ISO 10300, taken together with 1SO 6336-5, are intended to establish general principles and
procedures for the calculation of the load capacity of bevel gears. Moreover, ISO 10300 has been designed to
facilitate the appiication of future knowledge and developments, as well as the exchange of information gained from
experience. This part of ISO 10300 gives formulae for bending-strength rating in calculations for the avoidance of
tooth breakage.

Faillure of gear teeth by breakage can be brought about in many ways — severe instantaneous overloads,
excessive pitting, case crushing and bending fatigue are some. The strength ratings determined by the formulae in
this part of ISO 10300 are based on cantilever-projection theory modified to consider 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 on the teeth of spiral
‘bevel gears; |

— stress concentration at the tooth root fillet;
— load-sharing between adjacent contacting teeth;

— lack of smoothness due to a low contact ratio.

The formulae can be used for determining a load rating that will prevent tooth root fillet fracture during the design
life of the gear teeth. Nevertheless, if there is insufficient material under the teeth (in the rim), a fracture can occur
tfrom the root through the rim of the gear blank or to the bore — a type of failure not covered by this part of
1ISO 10300. Moreover, special applications could require additional blank material to support the load.

Occasionally, surface distress (pitting or wear) may limit the strength rating, due either to stress concentration
around large sharp-cornered pits, or to wear steps on the tooth surface. Neither of these effects are considered in
this part of ISO 10300.

In most cases, the maximum tensile stress at the tooth root (arising from bending at the root when the load is
applied to the tooth flank) can be used as the criterion for the assessment of the bending tooth root strength, as
when the allowable stress number is exceeded the teeth can experience breakage. When calculating the tooth root
stresses of straight bevel gears, this part of ISO 10300 starts 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
with the aid of the contact-ratio factor Y (see clause 8). The procedure thus corresponds to method C for the tooth

root stress of cylindrical gears (see I1SO 6336-3).

For spiral bevel gears with a high overlap ratio (évp > 1), the mid point in the contact zone is regarded as the critical
point-of load application. There is an interpolation for medium overlap ratio (0 < Evp < 1).

The breakage of a tooth generally means the end of a gear's life. It is often the case that al! gear teeth are
destroyed as a consequence of the breakage of a single tooth. An Sg, the safety factor against tooth breakage,
higher than the safety factor against damage due to pitting, is therefore generally to be preferred
(see ISO 10300-1).

© ISO 2001 - All rights reserved V
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Calculation of load capacity of bevel gears —

Part 3:
Calculation of tooth root strength

1 Scope

This part of ISO 10300 specifies the fundamental formulae for use in the tooth-bending stress calculation of straight
and helical (skew), zerol- and spiral-bevel gears with a minimum rim thickness under the root > 3.5 mmn. All load
influences on tooth stress are included, insofar as they are the result of load transmitted by the gearing and able to
be evaluated quantitatively. (Stresses such as those caused by the shrink-fitting of gear rims, which are

superposed on stresses due to tooth loading, are to be taken into consideration in the calculation of the tooth root
stress of or the permissible tooth root stress orp.)

The formulae in this part of ISO 10300 are valid for bevel gears with teeth with a transverse contact ratio of Eva < 2,
while the results are valid within the range of the applied factors given in 1ISO 10300-1 and ISO 6336-3.

This part of ISO 10300 does not apply to stress levels above those permitted for 103 cycles, as stresses in that
range could exceed the elastic limit of the gear tooth.

CAUTION — The user is cautioned that when the methods are used for large spiral and pressure angles,
and for large face width b > 10 mq,,, the calculated results of 1ISO 10300 should be confirmed by experience.

2 Normative references

The following normative documents contain provisions which, through reference in this text, constitute provisions of
this part of ISO 10300. For dated references, subsequent amendments to, or revisions of, any of these publications
do not apply. However, parties to agreements based on this part of 1SO 10300 are encouraged to investigate the
possibility of applying the most recent editions of the normative documents indicated below. For undated

references, the latest edition of the normative document referred to applies. Members of 1ISO and IEC maintain
registers of currently valid International Standards.

ISO 53:1998, Cylindrical gears for general and heavy engineering — Standard basic rack tooth profile.

1ISO 1122-1:1998, Viocabulary of gear terms — Part 1: Definitions related to geometry.

1ISO é336-3, Calculation of load capacity of spur and he/i&al gears — Part 3: Calculation of tooth bending strength.
1ISO 6336-5, Calculation of load capacity of spur and helical gears — Part 5: Strength and quality of materials.

ISO 10300-1:2001, Calculation of load capacity of bevel gears — Part 1: Introduction and general influence factors.

1ISO 10300-2:2001, Calculation of load capacity of bevel gears — Part 2: Calculation of surface durability (pitting).

© ISO 2001 - All rights reserved 1
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3 Terms and definitions

For the purposes of this part of 1SO 10300, the geometrical gear terms given in ISO 53 and ISO 1122-1, and the
tollowing term and definition, apply.

3.1
tooth bending strength
load capacity determined on the basis of the permissible bending stress

4 Symbols and abbreviated terms

For the purposes of this part of 1SO 10300, the symbols and abbreviated terms given in Table1 of
ISO 10300-1:2001, and the following abbreviated terms, apply.

Table 1 — Abbreviated terms

St steel (0g<800 N/mm?2)
Vv

through-hardened steel (og > 800 N/mm?2)

GG
GGG (perl., bai., ferr.)
GTS (perl.)
Eh
IF (root)
NT (nitr.)
NV ({nitr.)
NV (nitrocar.)

grey cast iron

spheroidal cast iron (perlitic, bainitic, ferritic structure)

black malleable cast iron (perlitic structure)

case-hardening steel, case-hardened

steel and GGG, flame or induction-hardened (including root filiet)

nitriding steels, nitrided

through-hardened and case-hardening steel, nitrided

through-hardened and case-hardening steels, nitro-carburized

5 Tooth breakage and safety factors

Tooth breakage usually ends transmission service life. Sometimes the destruction of all gears in a transmission is a

conseguence of the breakage of one tooth, while in certain instances the transmission path between input and
output shafts is broken.

Because of this, the chosen value of the safety factor, S, against tooth breakage should be larger than the square
of the satety factor, Sy, against pitting (see 1ISO 10300-1 for general comments on the choice of safety factor).

The value of the minimum safety factor for bending stress, Sgmiy, should be > 1,3 for spiral bevel gears. For

straight bevel gears, or where £, < 5° SFmin Should be > 1,5. It is recommended that the manufacturer and
customer agree on the value of the minimum safety factor.

2 | © 1SO 2001 — All rights reserved
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6 Gear-tooth rating formulae

6.1 General
The capacity of a gear tooth to resist bending shall be determined by the comparison of the following stress values:

— bending stress, 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 bending stress formula (see 6.2);

— allowable stress number, and the effect of the working conditions under which the gears operate, expressed
by the permissible bending stress formula (see 6.3).

The determined tooth root stress, of, shall be < ogp, which is the permissible tooth root stress.

NOTE In respect of the allowable stress, reference is made to a stress “number”, a designation adopted because pure
stress, as determined by laboratory testing, is not calculated by the formulae in this part of ISO 10300. Instead, an arbitrary
value is calculated and used throughout, with accompanying changes to the allowable stress number in order to maintain
consistency for design comparison.

6.2 Tooth root stress

6.2.1 General
The tooth root stress is determined separately for pinion and wheel:

oF = 00 Ka Ky Krg KFo < OFp | (1)
where

OFo is the local tooth root stress defined as the maximum tensile stress arising at the tooth root due to the
nominal torque when a perfect gear is loaded. :

See ISO 10300-1 for Ka, Ky, Krp, KFq

6.2.2 Local tooth root stress, org.51 — Method B1

The caiculation of the local tooth root stress is based on the maximum tensile stress at the tooth root (30° tangent
to the tooth root fillet). The determinant position of load application is:

a) the outer limit of single tooth contact (£, = 0);
b) the mid-point of the zone of contact (svp, > 1);

c) interpolation between a) and b) (0 < evg < 1).

The transtormation from tip to this determinant position is done by Y;:

F |
OF0-B1 = bmmt Yea Yga Ye Yk Y s (2)
mn '

where

Fmt is the nominal tangential force at the reference cone at mid-face width (see ISO 10300-1);

b IS the face width;

© 1SO 2001 ~ All rights reserved 3
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Yra 1s the tooth form factor (see clause 7), which accounts for the influence of the tooth form on the nominal
bending stress for load application at the tooth tip;

Ysa Is the stress correction factor (see clause 7), which accounts for the conversion of the nominal bending
stress for load application at tooth tip to the corresponding local tooth root stress. Thus Ys4 accounts for
the stress-increasing effect of the notch (in the root fillet), as well as for the fact that the stress condition in
the critical root section is complex, but not for the infiluence of the bending moment arm:;

Ye is the contact-ratio factor (see clause 8), which accounts for the conversion of the local stress determined
for the load application at the tooth tip to the determinant position;

Yk Is the bevel-gear factor, which accounts for smaller values for Iy’ compared to total face width » and the
Inclined lines of contact;

Y s Iis the load sharing factor, which accounts for load distribution between two or more pairs of teeth.

6.2.3 Local tooth root stress, ory.55 — Method B2

When applying method B2, the combined geometry factor Yp replaces the factors Yra, Yga, Ye. YLs and Yk in the
local tooth root stress Equation such that Equation (2) becomes:

OF0-B2 = Yp (3)

The value of Yp is determined by:

_ YA mmt Mmp (4)
Yo mg

Yp

Substitution in Equation (3):

OF0-B2 =

(5)

where

Yao is the bevel-gear adjustment factor for method B2, for standard carburized and case-hardened bevel
gears (see annex A);

Y, Is the bending strength geometry factor for method B2 (see 9.2).

The bending-strength geometry factor, Y;, evaluates the shape of the tooth, the position at which the most
damaging load is applied, the stress concentration due to the geometric shape of the root fillet, the sharing of load
betwéen adjacent pairs of teeth, the tooth-thickness balance between the wheel and mating pinion, the effective
face width due to lengthwise crowning of the teeth, and the buttressing effect of an extended face width on one

member of the pair. Both the tangential (bending) and radial (compressive) components of the tooth load are
included.

6.3 Permissible tooth root stress
6.3.1 General

The permissible tooth root stress, OFp, IS determined separately for pinion and wheel. It should be calculated on

the basis of the strength determined at an actual gear, as this way the reference value for geometrical similarity,
course of movement and manufacture will lie within the field of application.

4 | © 1SO 2001 — All rights reserved
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OFp = S Ysrel TYRrel T Y X

OFlim YST YNT -
OFp = YsrelTYRrelT Y X (7)
SF min

where

OFE Is the allowable stress number (bending),

OFE = Ofiim YsT. the basic bending strength of the un-notched specimen under the assumption
that the material (including heat treatment) is fully elastic;

orim IS the bending stress number for the nominal stress in bending of the test gear, which accounts for
material, heat treatment, and surface influence at test gear dimensions (see I1SO 6336-5)

Yot is the stress-correction factor for the dimensions of the standard test gear Yg = 2,0:
-SFmin 18 the minimum safety factor (see ISO 10300-1);

YsrelT IS the relative 'sensitivity factor (see clause 10) for the allowable stress number, related to the
conditions at the standard test gear (Y5 e T = Y5/YsT accounts for the notch sensitivity of the material),

YRrei 7 IS the relative surface condition factor (see clause 11) (Yr,e|T = Yr/YrT accounts for the surface
condition at the root fillet, related to the conditions at the test gear);

Yx Is the size factor for tooth root strength (see clause 12), which accounts for the influence of the module
on the tooth root strength;

YNT is the life factor, which accounts for the influence of required numbers of cycles of operation
(see clause 13).

6.3.2 Calculated safety factor

The calculated safety factor against tooth breakage shall be determined separately for pinion and wheel. On the
basis of the allowable stress number (bending), determined for the standard test gear:

5 - Opg YNT YorelT TRrel T Y

(8)
Orp Ka Ky Kep Keg

NOTE This is the calculated safety factor with respect to the transmitted torque.

See 1SO 10300-1 in reference to the safety factor and the risk (probability) of failure.

/7 Tooth form, Yg,, and correction, Y., factors — Method B1

7.1 General

The tooth form factor, Y5, accounts for the influence of the tooth form on the nominal bending stress in the case of
load application at the tooth tip. It is determined separately for pinion and wheael.

NOTE In the case of gears with tip and root relief, the actual bending moment arm is slightly smalier, and the calculation is
on the safe side.

© 1SO 2001 — Al rights reserved | 5



ISO 10300-3:2001(E)

Bevel gears generally have octoid teeth and a tip and root relief. However, deviations from an involute profile are
small, especially in view of the tooth root chord and bending moment arm, and thus they may be neglected when
calculating the tooth-form factor.

The distance between the contact points of the 30° tangents at the root fillets of the tooth profile of the virtual
cylindrical gear is taken as a cross-section for calculation (see Figure 1).

In this part of ISO 10300, Yr, and Yg, are determined for the nominal gear without tolerances. The slight reduction
in tooth thickness for backlash between teeth may be neglected for the load capacity calculation. The size
reduction shall be taken into account when the outer tooth thickness aliowance Agne > 0,05 mmpn.

QEan

—
Y /iy ‘

”

- it

2 Base circle of virtual cylindrical gear

Figure 1 — Tooth root chord, s¢,, and bending moment arm for load application at the tooth tip, /g,
of the virtual cylindrical gear tooth profile

7.2 Yg, for generated gears

7.2.1 General

Equation (9) applies to virtual cylindrical gears in normal section with and without protile shift. The calculation is
valid under the foliowing premises:

a) The contact point of the 30° tangent lies on the fillet curve generated by the tool tip radius.

b) The tool is manufactured with a finite tip radius (Pag # 0).

6 hFa

imn

2 (9)
( 2Fn ) cosa,,

YFa=

mmn

See Figure 1 for the respective definitions: see I1ISO 6336-3 for an evaluation of the decisive normal tooth load and
tooth form factor.

7.2.2 Auxiliary quantities

For the calculation of the tooth root chord, sg,, and bending moment arm, hg,, first the auxiliary quantities E, G, H
and & need to be determined:

Tt 1-sina,)-
E = (_“ - Ism) mmn — hgolanay, — paO( n) 2 (10)
' 4 : cosa,,

6 © ISO 2001 — All rights reserved
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G = £a0 _ hao + Xhm (11)
mmn Mmn
2

Hz__(n_ E )_1 1 (12)
Zvn \ 2 Mmmn 3

= 2G tand - H (13)
ivn

For the solution of the transcendent Equation (13), © = #/6 may be inserted as the initial value. In most cases, the
Equation already converges after a few iteration steps.

7.2.3 Tooth root chord, ;¢

SF“=Zvnsin(§—0]+\/§( c _Pao) (14)

mmn cCos?? mmn

7.2.4 Fillet radius, pr, at contact point of 30° tangent

2G°
_PE _ Pao (15)

mmn Mmn cosd (zvn cos? 1 - 2G)

7.2.5 Bending moment arm, /g,

@ o = AIC COS (d’“’b” ] (16)
van
1 [ n 1. .

Ya = > + 2 (xpm NG, + xgm) | +HiNVe, —inVa,, (17)

Syn L i '
XFan = @&an — Y3 | (18)
hrFa 1 _ - d van (ﬂ G paoq

=—1{COsSy_.—-SIiny_tanga —— —- Zyn COS| ——1} | - + 1
nmmn 2 _( }/a ya Fan) mmn v 3 COs ¥y mmn_ ( 9)

See annex A of ISO 10300-1:2001 for data of the virtual cylindrical gear in normal section. Dimensions at the basic
rack profile of the tooth are shown in Figure 2 of this part of ISO 10300, while YFa may be taken from Figure 3 for a
basic rack profile of the tool with data ap, = 20°, hag/mmp = 1,25, and pag/mmn = 0,25 for xsm = 0. Diagrams for other
basic rack profiles are given in ISO 6336-3.

See Figures 4 to 6 for the combined tooth form factor Yeg = Yg, Ysg, for generated bevel gears.

© 1SO 2001 - All rights reserved 7
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Moy U7T/8) - x 0] mo, /) - x|
A\
i 4
A q A \
\ >
& \\ 6 o S
_._LE_'_..._ - : | o
_.L__. LN ' f N
'§’ .§)
% 9 % Q
?'3 ?‘3

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

7.3 Y, for gears made by form cutting

Crown gears can be partly manufactured by the form cutting method (especially for larger gear ratios), by which the
profile ot the space width of the measured gear is identical to the too! profile (rack profile). Here, the tooth form
tactor for the crown gear can be directly determined at the tool profile.

Tooth root thickness:

SEn2 = T mmn = 2E = 2 pagy €OS 30° (20)
with E according to Equation (10)
fillet radius at contact point of 30° tangent

PF2 = Pa02 (21)

bending moment arm

T

tooth form factor according to Equation (9), with afFa, = ap,

6}”‘Faz
Men

2
SFn2
Mmn

The tooth form factor of the pertaining bevel pinion manufactured by the generating method may be approximated
according to 7.2 in the case of gear ratios u > 3.

Yeap = (23)

8 © SO 2001 — All rights reserved
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Figure 6 — Combined tooth form factor Yrg = Y, Ys, for gears generated by basic rack (p,0 = 0,3 mmp)
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7.4 Correction factor, Yg,

By means of the stress correction factor, Ys,, the nominal bending stress is converted to the local tooth root stress.
Ysa accounts for the stress increasing effect of the notch (= root fillet) as well as for other stress components that
arise beside the bending stress. (See ISO 6336-3 for further remarks.)

1
[1,21 +2,3 /L3 )

Ysa=(1,2+0,13L,) g (24)
L, = SFn (25)
hFa
SFn
ds = (26)
> 2pF
where

sFn IS according to Equation (14) and Equation (20) respectively;

hra 1s according to Equation (19) and Equation (22) respectively;

pr s according to Equation (15) and Equation (21) respectively.
The range of validity of Equation (24) is 1 < ¢ < 8.

The stress correction factor, Yg,, may be read from Figure 7 for the basic rack profile of the tool with an = 20°,
hao/mmn = 1,25, pag/mmn = 0,25 for x¢m = 0. See 1ISO 6336-3 for the influence of grinding notches.
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Figure 7 — Stress correction factor for load application at tooth tip, Yo,

8 Contact-ratio, Y¢, bevel-gear, Yk, and load-sharing, Y| s, factors — Method B1
8.1 Contact-ratio factor, Y.

The co_ntact-ratio factor, ¥, converts the load application at the tooth tip (here the tooth form factor, Yg4, and stress-
correction factor, Yga, apply) to the decisive point of load application.

Ye is also used for the determination of the transverse load distribution factor Kgo (see 1SO 10300-1):

0,75

Eva

Ye=0,25 + > 0,625 (&yp = 0) (27)
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Ye=0,25 +

0,75 ( 0.75
- £u

—0,375) > (0,625 (0 < EVR < 1) (28)
Evo

Eva

Ye = 0,625 (&vg > 1) (29)

8.2 Bevel-gear factor, Yk

The bevel gear factor, Yk, accounts for differences between bevel and cylindrical gears (smaller values of I'ym
because of inclined lines of contact):

2
1 1 [ b
YK=[ +—- bm) (30)

where

{'om 1S the projected length of the middie line of contact [see Equation (A.44) in ISO 10300-1:2001).

8.3 Load sharing factor, Y| g

The load sharing factor, ¥, g, accounts for load sharing between two or more pair of teeth.

Yis = Z(s (31)

(See ISO 10300-2 for Z, ¢.)

9 Bending-strength combined geometry factor, Yp — Method B2

9.1 Graphs and general
Figures in annex B contain graphs for the bevel geometry factor, ¥;, for straight-, zerol- and spiral-bevel gears for a
series of gear designs, based on the smaller of the face widths » = 0,3 Re and 10 mgt. These may be used

whenever the tooth proportions and thickness, face widths, tool edge radii, pressure and spiral angles of the
design, and driving with the concave side, correspond to those in the graphs.

Where the graphs are not applicable, the formulae in 9.2 should be used. Because of the complexity of the
calculation, computerization is recommended.

9.2 Formula for the bevel geometry factor, Y,

The bevel geometry factor, Y, is calculated using the foliowing formulae:

YK12 2rmy01,2 bce1,2 mmt
ENYi  dvig  b12 met

Yj0 = (32)

where
Y12 Is the tooth form factor, including the stress concentration factor of pinion or wheel (see 9.8);
EN IS the load sharing ratio (see 9.9);
Y; is the inertia factor for gears with a low contact ratio (see 9.10);
"myo1,2 IS the mean transverse radius to point of load application for pinion or wheel, in millimetres (see 9.4);

bece1,2 is the calculated effective face width of pinion or wheel, in millimetres (see 9.11).
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9.3 Point of load application for maximum bending stress, y;

For most straight-, zerol- and spiral-bevel gears, the maximum bending 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 line of contact passes through the centre of the path of action. For statically loaded straight-
bevel and zerol-beve! gears, such as those used in automotive differentials, the load is applied at the tip of the
tooth. In any case, the position is measured along the path of action from its centre, and is designated by v,. Its
distance from the beginning of the path of action is designated by ys.

When Evy £ 2,0

Yy = PetCOS ) - %’l (33)
with

gﬁ = gsancosd'ﬁvb + b‘?sinzﬂvb (34)
when Evy > 2,0

Y,;=0 (35)

For statically loaded straight-bevel and zerol-bevel gears (tip loading):

&1
Rl | 36
Y 5 ( )

For straight-bevel and zerol-bevel gears:

D
8 8 Y
},3 — ___\_fég_p_ + VCII; J (38)
4
N
For spirai-bevel gears:
2 ) , .
_ Bvon . 8van YyCcos By + b Evon 84K SING
Y31~ + 2 (39)
2
§n
2 , 2 , |
.. _3van+3van}JC°5 Bup ~ b gyon 8y k' SING 40
Y32 = > (40)
] g:
where constant of location
/ 22 — 24
k' = 41
3,2 Z2 +4,0Z1 ( )

9.4 Radius to point of load application, Tmy 01,2

Since the point of load application does not usually lie in the mean section of the tooth, the actual radius is
determined using the following formulae.

16 | © 1SO 2001 - Al rights reserved
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For straight- and zerol-bevel gears:

v _ P8yon 84K
gy = Vanz J (42)
&n
For spiral-bevel gears:
r bgv(xn gJ k!COS2ﬁVb ~ b2 FJ Slnﬁ\fb 3
801= > (43)
8y
. P 8yon 84 k’COSZﬁvb + b° Y 8ingyy,
£§02 = 2 (44)
&1
V312 +ayn Sinap = 0,5 \/dsanzj - dgbnz,‘l
tan CZL1'2 = (45)
Oanvbn1,2
where
aL12 Is normal pressure angle at point of load application for pinion and wheel
180°( Smn1,2 . . )
Shio = — = inva 4o +iNVay, (46)
dyni,2 y |
Oh12 = Q12— 6h1,2 (47)

where ¢y, 4 2 is the rotation angle used in bending strength calculations for pinion and wheel.

The distance from pitch circle to point-of-load application on the pinion and the wheel-tooth centre line, in
millimetres, is:

dybn1.2
A =0,5 — - d 48
ryo1,2 (cosam'g vn1,2 | (48)

Mean transverse radius to point of load application:

_ dy12 ( Rm + €012
"myo1,2 =

+ 4 | 49
2 R ) 'y01.2 (49)

9.5 Tooth fillet radius at root circle, ry

The minimum tooth fillet radius occurs at the point where the fillet becomes tangent to the root circles, and is given
by the following formula.

Fillet radius at root of tooth:

(hfm1,2 - Pao1,2)2

0,5dyn12 + Rfm12 = Paol,2

"mf1,2 = + Laot,2 (50)
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9.6 Tooth form factors Y, and Y,

The tooth form factor incorporates both the radial and tangential components of the normal load. Since this factor
must be determined for the weakest section, its value must be determined by iteration for pinion and wheel|
separately.

gyb1,2 = Rim12 — Pa01,2 (51)

1-sina
=055 + K tana, + 4 52
8012 mni2 fm1,2 n T Pa012 ( cosa,, ] ( )

where gio1 2 = assumed value.

For an initial value, make gf01,2 (1) = 801,2 + 8yb1,2

360°¢4012
S12 = (53)
ndynt 2
Exb1,2 = 81012 ~ 012 (54)
8231,2=8yb1,2003¢f1,2"8xb1,2 SiNg 4 5 (55)
8201,2= 8 yb1,28NG1 2+ & xb1,2 COSE, 5 (56)
tan = 74, 82a1,2 (57)
§2b1,2
SN1,2 = 0,9d 12 SINGy 5 = Pogq , COSTo — 8 zb1.2 (58)
hntz = Aryo12 +0,5d 01 5 (1-C0SEy 5) + Pa0128NT12 + 8491 0 (59)
Change gg1 2 until
3 cotr |
M2 72 5,020,001 | (60)
hny 2
FOI’ the Second triai, make gf0112(2) = gf01'2(1)+ 0,005 ﬁlet
For the third and subsequent trials, interpolate.
Tooth-strength factor:
2
SN1,2
AN12 = (61)
AN
Tooth-form factor:
2 1
Y-l 2= ' (62)
3 ( 1 tanap o
Mot - ;
i XN1,2 35N1,2
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9.7 Stress-concentration and -correction factor, Y;

The stress-concentration and stress-correction factor, Y;, depends on:

a) effective-stress concentration:

b) location of the load:

c) plasticity effects;

d) residual-stress effects;

e) _material-composition effects;

f)  surface finish resulting from gear production and subsequent service:
g} hertz-stress effects;

h) size effects;

) | end-of-tooth effects.

The following stress-concentration and stress-correction factors, derived by Dolan and Broghamer, consider a) and
b) only.

M 0
2s 2s
},”,2___“( N1,2J [ N1,2J -

Ymfi,2 hng 2
where

L =10,3254545-0,007 272 7 ap
M =0,331 818 2 - 0,009 090 9 ¢,
O = 0,268 181 8 + 0,009 090 9 ¢,
o, Is the pressure angle, in degrees.

Other factors from a) to i) may be included under those covered by Equation (2). Usually, d) and &) are included in
allowable bending-stress number ogp, while h) is included in size factor Y,, and i) for bevel gears in calculated
effective face width, b.e (see 9.11).
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9.8 Adjusted tooth-form factor for stress concentration, Yx

This is simply the combination of the tooth-form factor, Y4 5, and the stress-concentration and -correction factor,
I't1,2:

Y
Yk12 = - (64)

Yiq2

9.9 Load-sharing ratio, ¢y

The load-sharing ratio, ey, is used to calculate the proportion of the total load carried on the tooth being analysed.
It is given by the following formulae:

k=I k=1

3
3 ' 3
g’ =g3+ z \/[83 ~4kpet€oS By (kp ey cos Byp + 2-"J):| + E \/[83 — 4kpet€os fyp (kpet COS By, - 2.)’.1)] (65)

In Equation (65), k is a positive integer which takes on successive values from 1 to x or ¥, generating all real terms

(positive values under the radical) in each series. Imaginary terms (negative values under the radical) should be
ignored. For most designs, x and y will not be greater than 2.

3
Sd

EN =
'3
gJ

= load sharing ratio (66)

For statically loaded straight- and zerol-bevel gears:
ey = 1,0. (67)
9.10 Inentia factor, Y,

The inertia factor, ¥;, allows for the lack of smoothness of the tooth action in dynamically loaded gears with a
relatively low contact ratio, and is given as follows:

Y = when &, <2,0, otherwise, ¥; =1,0 (68)
Eyy

For statically loaded gears, such as those in vehicle drive-axle differential gears, Y; equals 1,0 even when Eyy IS less
than 2,0.

9.11 Calculated effective face width, b,

This quantity evaluates the effectiveness of the tooth in distributing the load over the root cross-section. as the

instantaneous line of contact frequently does not extend over the entire face width. The tollowing formulae are used
to determine the value of the effective face width:

2
_ b & yoan &4 COS B
B 2
En

gK (69)

where

gk Is the projected length of the instantaneous line of contact in the lengthwise direction of the tooth, in
millimetres.
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For the toe increment:

Ab{12: b"'gK 4 g01,2 (70)
= 2cosfB, cosf

For the heel increment:

(71)
2cosfi,, c€osf,

, b — gK 381,2
Abgy o =

Abi1 2 = Abj1 » when Ab{; 5 and Abgq o are both positive

b~ . .. . .
Abjy 2 = oS z ® when 4bjy o is positive and Abg4 o is negative
m

Abiy 2 = 0 when A4bj; , is negative and Abgy » Is positive

Abgy 2 = dbg1 o When 4bgq o and Ab{y » are both positive

b — . . . .
Abgq o = e fi % when Abgy 2 1s positive and 4bjy » is negative
m

dbe1,2 = 0 when Abg > is negative and 4b{; , is positive

T 4bjy 2 Abey o)
bee1,2 = hN1,2COS 180° arctan P + arctan o + gk (72)

where bge 1 2 is the calculated effective face width, in millimetres.

10 Relative sensitivity factor for allowable stress number, Yo T

10.1 General

The dynamic sensitivity factor, ¥, indicates the amount by which the theoretical stress peak exceeds the allowable
stress number in the case of fatigue breakage. It is a function of the material and relative stress drop. The
sensitivity factor can be calculated on the basis of strength values determined at unnotched or notched specimens,

or at test gears. If more exact test results (method A) are unavailable, the methods described in this clause shall be
used.

10.2 Method B1

The determination of allowable tooth root stresses of bevel gears (and their virtual cylindrical gears) is based on the
strength values determined for both bevel and cylindrical test gears. Therefore, the relative sensitivity factor, Y5,a7,
is the ratio between the sensitivity factor of the gear to be calculated and the sensttivity factors of the standard test

gear. Y5 1 = Y5/YsT may be taken directly from Figure 8 as a function of g5 (see clause 7) of the gear to be
calculated and of the material.
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Figure 8 — Relative sensitivity factor in respect of standard-test-gear dimensions
for permissible stress number in respect of nominal bending stress

-

In calculating the relative sensitivity factor, Y; relT, the following equations, representing the course of the curves in
Figure 8, may be used.

1 v, X
+\P' X 73)

1+yp 2%

YBreIT =

1
ZX =-5-(1+2q3)

):1)-( =1,2 with g1 =2,5
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where

p” 1s to be taken from Table 2 as a function of the material.

x* applies to module mmy, = 5, with the size influence accounted for by Yx (see clause 12).

Table 2 — Gliding thickness p’

No. Material Gliding thickness p’
mm

1 GG og = 150 N/mm?2 | 0,312 4
2 GG, GGG (ferr.) og = 300 N/mm2 0,309 5
3 NT, NV 0,100 5
4 St og = 300 N/mm?2 0,083 3
5 St 0g = 400 N/mmz2 0,044 5
6 V, GTS, GGG (perl., bain.) 0p.2 = 500 N/mm?2 0,028 1
7 V, GTS, GGG (perl., bain.) 0p,2 = 600 N/mm? 0,0194
8 V, GTS, GGG (perl., bain.) 09,2 = 800 N/mmz 0,006 4
9 V, GTS, GGG (perl., bain.) 00,2 = 1000 N/mm?2 ~ 0,0014
10 Eh 0,003 0

10.3 Method B2

This method is generally sufficiently exact for industrial gears. In the case of gears with g5 > 1,5 it is set as: |
YsrelT=1,0 (74)
For gs> 2,5 the calculation is on the safe side.
The reduction of the allowable tooth root stress expected in case of gs < 1,5 Is accounted for by:
YsretT=0,95 (75)

The limiting lines for g5 = 1,5 are plotted in Figure 4 to Figure 6.

11 Relative surface condition factor, Yr o/ T

11.1 General

The surface condition factor, Yr ra T, accounts for the dependence of the tooth root strength on the surface
condition at the root (predominantly the dependence on the roughness in the root fillet), related to standard-test
gear conditions with Rz = 10 um (see 1SO 6336-3 for general remarks).

If no surface-condition factors determined by more exact analysis of all influences are available (method A), the
methods described in this clause shall be used.

WARNING — These methods are only valid if there are no scratches or similar defects deeper than 2 R:.
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11.2 Method B1

The relative surface condition factor, YR e, determined by tests with test specimens, may be taken from Figure 9

as a tunction of roughness height and material. For the calculation, Equations (76) to (81) shall be used.

v Nl
11 B -1 [
I
_ 1,05 ‘ o
o 1 T =

N~

0,95 T
:

‘i

0,9

1 2 34 6810

Rz

20 pm 40

.

GG, GGG (fer.), NT, NV

St

V, GGG (perl., bai.),
Eh, IF (root)

Figure 9 — Surface condition factor, Yr relT, for permissible stress number relative to test-gear dimensions

Range Rz < 1 ym:

For through-hardened and case-hardened steels:
YRrer7=1,12

For soft steels:

YRiei7=1,07

For grey cast iron, nitrided, and nitro-carburized steels:

YRrel T = 1,025
Range 1 ym < Rz < 40 um:
For through-hardened and case-hardened steels:

YRrel T =~ = 1,674 - 0,529 (Rz +1)!™°

YRT

For soft steels:

YRrel T = Lo = 5,306 - 4,203(Rz +1)""1%
YRT

24

(76)

(77)

(78)

(79)

(80)
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For grey cast iron, nitrided, and nitro-carburized steels:

YRrelT = B = 4,299 — 3,250 (R + 1)'/2% @1)

YRT

11.3 Method B2

For gears with a roughness height of Rz < 16 pm at the root, it may generally be assumed that:
YF] rel T = 1,0 (82)

As shown in Figure 9, the reduction of the allowable stress number is small in the range 10 um <Rz < 16 pm. In
the case of Rz < 10 pm, the calculation according to Equation (82) is on the safe side.

12 Size factor, Yx

12.1 General

The size factor, Yx, accounts for the decrease in strength with increasing size (size effect).

The main factors of influence for Yy are:

— tooth size;

— diameter of the part;

— ratio of tooth size to diameter;
— area of stress pattern;

— material and heat treatment;

— ratio of case depth to tooth thickness.

It no test values of personal or other proven experience are available, Yy may be approximated according to
Figure 10 as a function of the normal module m, and the material.

1
N T
09| ‘¥_ St, V, GGG (pel. bai.), GTS (perl.)
- "} Eh, If (root), NT, NV
o,a[ y,, \ Foo

Reference stires+s — — E GGG, (ferr.)
— !
0T
0
02 10 20 30

Normal module m,,

Figure 10 — Size factor, Y, for bending stress (allowable stress number)
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When Yy is calculated, Equation (83) to Equation (85), which approximately represent the course of the curves in
Figure 10, may be used.

12.2 Formulae

12.2.1 Structural and through-hardened steels, spheroidal cast iron, perlitic malleable cast iron

with the restriction 0,85 < Yx < 1,0

12.2.2 Case, flame, induction-hardened steels, nitrided or nitro-carburized steels
Yx = 1,05 - 0,0tmmn, (84)

with the restriction 0,80 < ¥x < 1,0

12.2.3 Grey cast iron

with the restriction 0,70 < Yx < 1,0.

13 Life factor, YNT

13.1 General

The lite factor, YnT, accounts for higher bending stress, which may be tolerable for a limited life (number of load
cycles), compared with the allowable stress at 3 x 106 cycles.

The principal influence factors for Yyr are:

— material and heat treatment (see ISO 6336-5);

— number of load cycles (service life) N|;

— tailure criteria;

— required smoothness of operation;

— gear-material cleanliness:

—_ n:laterial ductility and fracture toughness:

— residual stress.

For the purposes of ISO 10300, the number of load cycles N is defined as the number of mesh contacts, under

load, of the gear tooth being analysed. The allowable stress numbers are established for 3 x 106 tooth-load cycies
at 99 % reliability.

A YNt value of unity may be used, where justified by experience, beyond 3 x 106 cycles.

When using unity Yyr, use of the optimum conditions for matenal quality and manufacturing, together with an
appropriate safety factor, should aiso be considered.
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13.2 Method A (YNT.A)

The S-N, or damage, curve derived from facsimiles of the actual gear is determinant for the establishment of limited
life. Under such circumstances, the factors Y5 el T, YR el T @and Yx are, in effect, aiready included in the S-N/damage
curves, and therefore 1,0 is to be substituted for each in the calculation of permissible stress.

13.3 Method B (YnT-B)

13.3.1 General

For this method, the life factor Yy1 of the standard-reference-test gear is used as an aid in the evaluation of
permissible stress for limited life or reliability. The factors Y5 (e T, Yrrel T @nd Yx are not included, and thus the
moditying effect of these factors on limited life shall be considered (see 1SO 6336).

13.3.2 Graphed values

Graphed values of YNt may be read from Figure 11 for the static and endurance strengths as a function of material

and heat treatment. Values from a large number of tests are presented as typical damage or crack-initiation curves
tor surface-hardened and nitride-hardened steels, or curves of yield stress for structural and through-hardened
steels.

13.3.3 Determination by calculation

The data of life factor, ¥y, for static and endurance strengths shall be taken from Table 3. YnT for limited-iife stress

Is determined by means of interpolation between the values for endurance and static strength limits. (Evaluation of
YnT IS described in 1ISO 6336.)

WARNING — Stress levels above those permissible for 103 cycles should be avoided, since stresses in this
range may exceed the elastic limit of the gear tooth.

5,0
V. GGG(peri bat.)
GTS(pert,
2,5 ' L |
Eh.IF (pied) u l"" _ . |
2,0 | B
- NTV(HIIT.J H
= 1,8]| GGG(ferr.) Tt l
;6' GG ST T |
g
2 ]’4 t $
-J 2L
, 2 + +- L th
NV{(nfirocor.) |
},0 ‘
0,8 ‘ ! ! I
10 10’ 10 10° 105 07 08 109 10'0
Number of load cycles, N,

Figure 11 — Life factor, Yyt (standard-reference test gears)
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Table 3 — Life factor, Yy, for static and endurance stress

M =3 x 1086, endurance
N = 1010, endurance 0,85

V,
GGG (perl. bai.),
GTS (perl.)

Optimum conditions; material,
manufacturing, and experience

NL < 103, static

Ny =3 x 108, endurance

N = 1010, endurance

Eh, IF (root)

Optimum conditions; material,
manufacturing, and experience

1,0

St, Ny =3x 109, endurance
NTV (nitr.),

GG, GGG (ferr.)

N_ = 1010, endurance

Optimum conditions; material,
manufacturing, and experience

N_ < 103, static

N_ = 3 x 106, endurance

NV (nitrocar.)

N|_ = 1019, endurance

Optimum conditions; material,
manufacturing, and experience
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Annex A
(normative)

Bevel gear adjustment factor, Y, — Nethod B2

A.1 General

This normative annex specifies two possibilities for the use of the bevel-gear-adjustment factor, Y,, the factor
needed to adjust the results of method B2 to the results of method B1. Without this adjustment the stress numbers
for the nominal stress in bending of the test gears according to ISO 6336-5 may not be used. The user of method
B2, shall quote the derivation of Ya.

A.2 Preliminary value for adjustment factor, Y,
As a preliminary value:

Yato=1,2 (A.1)
may be used.

This value of Yp was determined for gears with m,.=5mm and with normal proportions, i.e.
an = 20° fm = 35°, z1 = 15 and carburized material. |

A.3 Complex Equation for adjﬁstment factor, Y,

The main difference between method B1 and B2 is that B2 covers not only bending stress but also compression
stress [compare Equation (9) and Eguation (62)]. The tooth-form factor according to method B2 can be looked
upon as the difference between bending-stress factor, Yg, and compression-stress factor, Ye:

1 m |
—=—F (YB1 2~ Yc1,2) (A-2)
Y1,2 mmn
where
3hn1 2 |
YB1,2 = Mmn 5 .2 (A.3)
SN1,2
tan ah-‘,z
YC1,2 = Mmn 2510 (A.4)
with

Y12 see Equation (62)
ANt 2 See Equation (59)

SN1,2 See Equation (58)
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on 1 2 see Equation (47)
Considering that cos o gy, = €08 @, = €05 apy, hpg ~ by V), and sgp = 2 sn,
it follows that:

YB=Yra Y (A.5)
with

Yea  see Equation (9)

Another difference between methods B1 and B2 is the approach to stress correction [compare Equation (24) with
Equation (63)]. A good approximation (inciuding all other differences between these methods) is:

Y (A.6)

Comparison of B1 and B2 resuits in:

1 m
Yra Ysa Ye = Yp ¥j ——20 (A7)
With assumptions according to Equation (A.5) and Equation (A.6) it follows:
Yé
Yg = =Ya Y (Yg - Y¢) (A.8)
2,3
From here, the adjustment factor Y, is:
Y
2,31~ ALL: tanap
Shnt 2 )

1) The approximation hean = hy may be made only if the effect of contact-ratio factor Y. (see 8.1) is also considered (see
Equation A.5 to Equation A.7).
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Annex B
(informative)

Graphs of geometry factor, Y, — Method B2
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Figure B.1 — Geometry factor, Y, for straight-bevel gears with 90° shaft angle, 20° pressure angle,
and 0,12 mg; tool edge radius
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Figure B.2 — Geometry factor, Y, for spiral-bevel gears with 90° shaft angle, 20° pressure angie,

35° spiral angle and 0,12 m tool edge radius
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Figure B.3 — Geometry factor, Y Js for fine-pitch zerol-bevel gears with 90° shaft angle, 20° pressure angle,
and 0,12 mq, tool edge radius
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Figure B.4 — Geometry factor, Y, for coniflex straight-bevel gears with 90° shaft angle
and 20° pressure angle
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Figure B.5 — Geometry factor, Y, for coniflex straight-bevel gears with 90° shaft angle
and 25° pressure angle
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Figure B.6 — Geometry factor, Y, for coniflex straight-bevel differential gears with 90° shaft angle
and 22,5° pressure angle
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Figure B.7 — Geometry factor, Y )» for spirai-bevel gears with 90° shaft angle, 20° pressure angle,
and 25° spiral angle
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Figure B.8 — Geometry factor, Y, for spiral-bevel gears with 90° shaft angle, 20° pressure angle,
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Figure B.9 — Geometry factor, Y, for spiral-bevel gears with 90° shaft angle, 25° pressure angle,
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Figure B.10 — Geometry factor, Y, for spiral-bevel gears with 60° shaft angle, 20° pressure angle,
and 35° spiral angle
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Figure B.11 — Geometry factor, Y J» for spiral-bevel gears with 120° shaft angle, 20° pressure angle,
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