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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 procedures used to develop this document and those intended for its further maintenance are
described in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed for the
different types of ISO documents should be noted. This document was drafted in accordance with the
editorial rules of the ISO/IEC Directives, Part 2. www.iso.org/directives

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of any
patent rights identified during the development of the document will be in the Introduction and/or on
the ISO list of patent declarations received. www.iso.org/patents

Any trade name used in this document is information given for the convenience of users and does not
constitute an endorsement.

For an explanation on the meaning of ISO specific terms and expressions related to conformity
assessment, as well as information about ISO’s adherence to the WTO principles in the Technical Barriers
to Trade (TBT) see the following URL: Foreword - Supplementary information

The committee responsible for this document is ISO/TC 60, Gears, Subcommittee SC 2, Gear capacity
calculation.

This second edition cancels and replaces the first edition (ISO 10300-3:2001), which has been technically
revised.

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

iv © ISO 2014 - All rights reserved
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Introduction

When ISO 10300:2001 (all parts, withdrawn) became due for (its first) revision, the opportunity was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
separate clause: “Gear tooth rating formulae — Method B2” in this part of ISO 10300, while the former
methods B and B1 were combined into one method, i.e. method B1. So, it became necessary to present
a new, clearer structure of the three parts, which is illustrated in ISO 10300-1:2014, Figure 1. Note,
ISO 10300 (all parts) gives no preferences in terms of when to use method B1 and when method B2.

Failure of gear teeth by breakage can be brought about in many ways; severe instantaneous overloads,
excessive pitting, case crushing and bending fatigue are a few. 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 are used to determine a load rating, which prevents tooth root fracture during the design
life of the bevel gear. Nevertheless, if there is insufficient material under the teeth (in the rim), a fracture
can occur from the root through the rim of the gear blank or to the bore (a type of failure not covered
by this part of ISO 10300). Moreover, it is possible that special applications require additional blank
material to support the load.

Surface distress (pitting or wear) can limit the strength rating, either due to stress concentration
around large sharp cornered pits, or due to wear steps on the tooth surface. Neither of these effects is
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 a determinant criterion for the assessment of the tooth
root strength. If the permissible stress number is exceeded, the teeth can break.

When calculating the tooth root stresses of straight bevel gears, this part of ISO 10300 starts from the
assumption thatthe 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 6336-3[1]).

For spiral bevel and hypoid gears with a high face contact ratio of eyg > 1 (method B1) or with a modified
contact ratio of eyy > 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, Sp, against tooth breakage
higher than the safety factor against damage due to pitting is, therefore, generally to be preferred
(see ISO 10300-1).

© IS0 2014 - 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 root stress calculation
of straight and helical (skew), Zerol and spiral bevel gears including hypoid gears, with a minimum rim
thickness under the root of 3,5 mmyp. All load influences on tooth root 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 intended to be considered in the calculation of the tooth root stress, of, or the permissible
tooth root stress opp. This part of ISO 10300 is not applicable in the assessment of the so-called flank
breakage, a tooth internal fatigue fracture (TIFF).

The formulae in this part of ISO 10300 are based on virtual cylindrical gears and restricted to bevel
gears whose virtual cylindrical gears have transverse contact ratios of eyq < 2. The results are valid
within the range of the applied factors as specified in ISO 10300-1 (see also ISO 6336-3[1]). Additionally,
the given relationships are valid for bevel gears, of which the sum of profile shift coefficients of pinion
and wheel is zero (see .

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.

Warning — The user is cautioned that when the formulae are used for large average mean spiral
angles (fm1 + Pm2)/2 > 45°, for effective pressure angles ae > 30° and/or for large face widths
b > 13 mpy,y, the calculated results of ISO 10300 (all parts) should be confirmed by experience.

2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and are
indispensable to its application. For dated references, only the edition cited applies. For undated
references, the latest edition of the referenced document (including any amendments) applies.

ISO 1122-1, Vocabulary of gear terms — Part 1: Definitions related to geometry
ISO 6336-5, Calculation of load capacity of spur and helical gears — Part 5: Strength and quality of materials

ISO 10300-1:2014, Calculation of load capacity of bevel gears — Part 1: Introduction and general influence
factors

ISO 10300-2:2014, Calculation of load capacity of bevel gears — Part 2: Calculation of surface durability
(pitting)

[SO 23509:20086, Bevel and hypoid gear geometry

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 1122-1 and [SO 23509
(geometrical gear terms) and the following apply.

© ISO 2014 - All rights reserved 1
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31
tooth root breakage
failure of gear teeth at the tooth root by static or dynamic overload

3.2

nominal tooth root stress

OF0

bending stress in the critical section of the tooth root calculated for the critical point of load application
for error-free gears loaded by a constant nominal torque

3.3

tooth root stress

OF

determinant bending stress in the critical section of the tooth root calculated for the critical point of
load application including the load factors which consider static and dynamic loads and load distribution

3.4

nominal stress number

OF lim

maximum tooth root stress of standardized test gears and determined at standardized operating
conditions as specified in ISO 6336-5

3.5

allowable stress number

OFE

maximum bending stress of the un-notched test piece under the assumption that the material is fully
elastic

3.6
permissible tooth root stress

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

4 Symbols, units and abbreviated terms

For the purposes of this document, the symbols and units given in Table 1 and Table 2 of ISO 10300-1:2014,
as well as the abbreviated terms given in Table 1 of ISO 10300-2:2014, apply (see ISO 6336-5).

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
factors which are equal for both methods. With method B1, the same set of formulae may be used for
bevel and hypoid gears; method B2 partly 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:

— tooth root stress of, 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 orp, based on the bending stress number, ofim, of a standard test
gear and the effect of the operating conditions under which the gears operate, expressed by the
permissible tooth root stress formula (see 6.2 and 7.2).

2 © ISO 2014 - All rights reserved
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NOTE In respect of the permissible tooth root 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 in this part of ISO 10300, with accompanying
changes to the allowable stress number in order to maintain consistency for design comparison.

The ratio of the permissible root stress and the calculated root stress is the safety factor Sg. The value of
the minimum safety factor for tooth root stress, Sg,min, should be > 1,3 for spiral bevel gears. For straight
bevel gears, or where B, < 5° S min should be 2 1,5.

Itis recommended that the gear designer and customer agree on the value of the minimum safety factor.

Tooth breakage usually ends transmission service life. The destruction of all gears in a transmission can
be a consequence of the breakage of one tooth, then, the drive train between input and output shafts
is interrupted. Therefore, the chosen value of the safety factor, S, against tooth breakage should be
carefully chosen to fulfil the application requirements (see ISO 10300-1 for general comments on the
choice of safety factor).

6 Gear tooth rating formulae — Method B1

6.1 Tooth root stress formula

The calculation of the tooth root 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 the case of hypoid gears, additionally
for drive flank (suffix D) and coast flank (suffix C):

0f.B1 =Or0-81K A Ky K Kpo <Opp.p1 (1)

with the load factors Ka, Ky, Krp, Krq as specified in ISO 10300-1.

© ISO 2014 - All rights reserved 3
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The nominal tooth root stress is defined as the maximum bending stress at the tooth root (30° tangent
to the root fillet):

F.
OF0-B1 = ﬁYFaYSaYSYBS Yis (2)
v mn

where

Fymt is the nominal tangential force of the virtual cylindrical gear which should be in accordance
with Formula (2) of ISO 10300-1:2014;

by  isthe face width of the virtual cylindrical gear calculated for the active flank, drive or coast
side, as specified in ISO 10300-1:2014, Annex A;

Yra  isthe tooth form factor (see 6.4.1), which accounts for the influence of the tooth form on the
nominal bending stress at the tooth root for load application at the tooth tip;

Ysa  isthe 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;

Ye is the contact ratio factor (see 6.4.3), which accounts for the conversion of the root stress
determined for the load application at the tooth tip to the determinant position;

YBs is the bevel spiral angle factor, which accounts for smaller values for I, compared to the
total face width, by, and the inclined lines of contact (see 6.4.4);

YLs istheload sharing factor, which accounts for load distribution between two or more pairs of
teeth (see 6.4.5).

The determinant position of load application is:
a) the outer point of single tooth contact, if eyg = 0;
b) the midpoint of the zone of action, if eyg > 1;

c) interpolation between a) and b), if 0 < &yp < 1.

6.2 Permissible tooth root stress
The permissible tooth root stress, ofp, shall be calculated separately for pinion and wheel. The values
should preferably be evaluated on the basis of the strength of a standard test gear instead of a prismatic

specimen, which deviates too much with respect to similarity in geometry, course of movement and
manufacture.

Opp-B1 =OFE IYNT Y5relT-B1 YRrelT-B1 Yx (3)

4 © ISO 2014 - All rights reserved
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OFpB1 =OFlim YST YNT Y§relT-B1 YRrelT-B1 Yx (4)
where

OFE is the allowable stress number (tooth root);

OFE = OFlim1,2 YsT, is the basic bending strength of the un-notched specimen under the

assumption that the material (including heat treatment) is fully elastic;

OF,lim is the nominal stress number (bending) of the test gear, which accounts for mate-
rial, heat treatment, and surface influence at test gear dimensions as specified in
ISO 6336-5;

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

Ys relT-B1 1S the relative notch sensitivity factor for the permissible stress number, related to the
conditions at the standard test gear (see 6.5.2), Ys relT = Y5/ YsT accounts for the notch
sensitivity of the material;

YR relT-B1 is the relative surface condition factor (see 6.5.1), YR relT = YR/YRT accounts for the sur-
face condition at the root fillet, related to the conditions at the test gear;

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

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

_OFp-B1
SF-B1 = > SFmin (5)
OF-B1
NOTE This is the calculated safety factor with respect to the transmitted torque.

Considerations in reference to the safety factors and the risk (probability) of failure are given in
[SO 10300-1:2014, 5.2.

6.4 Tooth root stress factors
6.4.1 Tooth form factor, Yr,

6.4.1.1 General

The tooth form factor, Yg;, 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 wheel. In doing
so, the possibility to manufacture bevel and hypoid gears with different pressure angles at drive and
coast 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
should be neglected and the calculation is on the safe side.

Bevel gears without offset generally have octoid teeth and tip and root relief. However, deviations from
an involute profile are small, especially in view of the tooth root cord and bending moment arm, and
thus both, tip and root relief, may be neglected when calculating the tooth form factor.

© IS0 2014 - All rights reserved 5
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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 the critical section for calculation (see Figure 1).

By method B1 of ISO 10300, the tooth form factor, Yr,, and stress correction factor, Ys,, are determined
for the nominal gear without deviations. The slight reduction in tooth thickness for backlash between
teeth may be neglected for the load capacity calculation. However, the size reduction shall be taken into
account when the outer tooth thickness allowance Agpe > 0,05 mmp.

NEad

Figure 1 — Tooth root chordal thickness sr, and bending moment arm hg, in normal section
for load application, Fy, at the tooth 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, Yp,, of generated bevel gears is calculated with parameters of the active flank of
the virtual cylindrical gear in normal section which includes the corresponding effective pressure angle
aep or aec (see Annex A of ISO 10300-1:2014). However, the direction of the normal force, Fy, in relation
to the tangential force, Fymt, is given by the generated pressure angle aynp or anc.

Attention — The tooth form factor, Yf, and its parameters shall be determined for the pinion
(suffix 1) and the wheel (suffix 2) separately:

6 © ISO 2014 - All rights reserved
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h
6-rabC COSOlpanD C
m ,

Ypapc=—""0 (6)

2
N
A CosanDC
mmn

hrap,c and afanp,c see 6.4.1.2.5;
an = app = generated pressure angle for drive side (specified in [SO 23509);
an = apc = generated pressure angle for coast side (specified in [SO 23509).

where

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, sgp, and the bending moment arm, hp, 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 hypoid gears,
the effective pressure angle ae = aep for the drive side and ae = aec (see [SO 23509) for the coast side,

respectively,are used in Formula (7). Note, the cutter edge radii p;op and paoc as well as the protuberance,
SprD,c, might also be different, but not hao, which is the tool addendum:

Paop,c(1—sindep ) - SprD,C

T
ED,C = [Z ~Xsm ] My = haOtanaeD,C - (7)
COS(XED,C
Gpc= Paobe _ Pao hm 8
Mmn My,
2 r Epc T
Hpc= Pl e 9)
ZvnD,C 2 Mpyn 3
19[)'(: = —tan ﬁD,C — HD,C (10)
ZvnD,C

For the solution of the transcendent Formula (10), 9 =1/6 may be inserted as the initial value. A suggested
value for the difference (Jpew - 9) is 0,000 001. In most cases, the calculation already converges after a
few iterations.

6.4.1.2.3 Tooth root chordal thickness, sg,

The tooth root chords spyp and sppc are calculated for pinion and wheel, each with the corresponding
geometry data for the drive flank and the coast flank:

. (n Gpc  Paopc
SFnD,C = mmnzvnD,C51n [5_ ﬂD,C J"' mmn\/§ (COSI? - r:) J (11)
D,C mn

Then, the respective tooth root chord sgy, for pinion or wheel results in:

Spn = 0,58 ppp +0,55,¢ (12)

© ISO 2014 - All rights reserved 7
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6.4.1.2.4 Fillet radius, pr, at contact point of 30° tangent

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

2
2GD,Cmmn

PEDC=Paop,ct (13)

2
cosVp ¢ (zvnD,Ccos Opc— ZGD'C)

6.4.1.2.5 Bending moment arm, hp,

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

My . dyanD,C ™ Gpc  PaoODC
hpa,c = 20| (cosyap,c —SinYap,c @NCEanD,C )~ Zynp ¢ 0S| ——Dp ¢ |- (14)
2 Mmn 3 cosﬂD,C Mmn
where
OFanD,C = ®anD,C ~7aD,C (15)
d
Olanp c =arccos ZvbnD.C (16)
vanD,C
T . .
Yan,C = . [E+2(th tanoep ¢+ Xgm )}+ inverep ¢ —inv ay,p ¢ 17)
vnD,C
where

Qe = aep = generated pressure angle for drive side;

ae = aec= effective pressure angle of coast side (specified in [SO 23509).

Data of the virtual cylindrical gears (pinion and wheel) in normal section, dyan, dvbn and zyy, are specified
in ISO 10300-1:2014, A.3. Dimensions at the basic rack profile of the tooth are shown in Figure 2.

At the design stage, the tooth form factor Yp; for bevel gears without offset may be calculated for a basic
rack profile of the tool with the following data ay = 20°, hao/mmn = 1,25, and pao/mmn = 0,25. Diagrams
for this and other basic rack profiles are given in ISO 6336-3.[1]

6.4.1.3 Tooth form factor for non-generated gears

The tooth form factor, Yr,, for non-generated bevel gears should be considered separately. In this case of
form cutting the slot profile of the wheel is identical to the tool profile and so the tooth form factor can
directly be determined (see Figure 2).

The tooth form factor of the pinion, which is manufactured by a specific generating process, may be
approximated by the formulae according to 6.4.1.2. Hypoid gears are calculated with geometry data for
drive side and coast side.

8 © ISO 2014 - All rights reserved


http://dx.doi.org/10.3403/30110657U

Tooth root thickness of the wheel (suffix 2):

SEnD,Cc =7 Mpyp _ZED,C _ZpaOD,CCOS 30°

where

Paop,c(1-sinaypc)—s prD,C

[z
ED,C =| 7~ Xsm |Mmn _haOtananD,C -
4 CosOyp c

The tooth root chord sfy, is then calculated by:

SFtn :O’SSFHD +0’SSFHC

Fillet radius at contact point of 30° tangent:

PFD,C = Pa0D,C

Bending moment arm:

Paobp,c

T
hFaD,C = haO - +Mpyn _(Z"' Xsm — tanO‘nD,C ) mmntananD,C

Tooth form factor of the wheel according to Formula (6) with apanp,c = anp,c:

6 hgap,c

mmn

2
SFn
mmn

Ypap,c =

© IS0 2014 - All rights reserved
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Figure 2 — Dimensions at the basic rack profile of the tooth
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6.4.2 Stress correction factor, Ys,

The stress correction factor, Ys,, accounts for the stress increasing notch effect in the root fillet as well
as for other stress components which arise beside the tooth root stress (see ISO 6336-3[1] for additional
information).

1
1,21+ 23/L j
Ysapc = (1;2+0,13 LaD,c) qu,c( /hanc (24)
S
Lipc=7—" (25)
FaD,C
=_>Fn 26
CIsD,C zpFD,C ( )
where

spn  is calculated for generated or non-generated gears according to Formula (12) or For-
mula (20);

hpa  is calculated for generated or non-generated gears according to Formula (14) or For-
mula (22);

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

The range of validity of Formula (26) is 1 < g5 < 8 (see ISO 6336-3[1] for the influence of grinding notches).

6.4.3 Contactratio factor, Y;

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

There are three ranges for eyp to calculate Ye:
a) foreyp=0:

Y8=0,25+%20,625 (27a)

EVO(

b) for0<eyp<1:

Y8=0,25+E—£VB 0'75—0,375 20,625 (27b)
gVOL Vo
c) foreyp>1:
Ye = 0,625
(27¢)

6.4.4 Bevel spiral angle factor, Yps

The bevel spiral angle factor, Ygs, accounts for the non-uniform distribution of the tooth root stress
along the face width. The stress distribution depends on the inclination of the contact lines due to the
spiral angle. With an increasing spiral angle the inclination angle also increases till the contact lines are
limited by tip and root of the teeth. Thus, the face width is not completely used to carry the load. This
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leads to a higher stress maximum in the tooth root in the middle of the face width (see Figure 3), where
a tooth developed into a plane is replaced by a cantilever beam.

\'g®

Figure 3 — Definition of geometric parameters of tooth model

YBs is given by the following empirical formulae [i.e. Formula (28) to Formula (31)]:

2
a I
Ygg=—25| BB _1,05.pps | +1 (28)
cps| ba
b,V b
ags =—0,0182 [ 22 | +0,4736 | 22 |-0,32 (29)
h h
b,V b
bs =-0,0032 | =2 | +0,0526 | % |+0,712 (30)
b,V b
cgs =—0, -2 | +0, -2 1+0,
Bs =—0,0050 | =2 | +0,0850 | 22 |+0,54 (31)
h h

with auxiliary values ags, bgs, cBs
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The developed length of one tooth as face width of the calculation model:

ba= by/cos By (32)

Part of the model’s face width covered by the contact line:

cos
Ibb =lom Boy (33)
cosf3,
Average tooth depth:
h=(hyy +hymz)/2 (34)

with mean whole tooth depth, hy,, as specified in [SO 23509,

6.4.5 Load sharing factor, Y5

The load sharing factor, Y1s, for bending accounts for load sharing between two or more pairs of teeth:

2
Yis=Zis (35)
with load sharing factor, Zis, as specified in 6.4.2 of ISO 10300-2:2014.

6.5 Permissible tooth root stress factors

6.5.1 Relative surface condition factor, YR reiT-B1

The tooth root strength depends on the surface condition at the root predominantly on the roughness in
the root fillet. The surface condition factor, YR relT, accounts for this dependence related to standard test
gear conditions with Rz = 10 um (see ISO 6336-3[1] for general remarks) and is determined separately
for pinion (suffix 1) and wheel (suffix 2). If no surface condition factors determined according to method
A are available, method B described in 6.5.1 shall be used.

Warning — This method is only valid if there are no scratches or similar defects deeper than 2 Rz.

The relative surface condition factor, YR reiT, determined by tests with test specimens, may be taken
from Figure 4 as a function of roughness Rz and material.

For calculation, Formulae (36) to (41) shall be used depending on two ranges of roughness.
Range Rz < 1 pm:

a) For through hardened and case hardened steels:

YR,relT =112
(36)
b) For non-hardened steels:
YR,relT =1,07
(37)

c) For grey castiron, nitrided and nitro carburized steels:
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YR,relT =1,025
(38)
Range 1 pm < Rz <40 um:
a) For through hardened and case hardened steels:
Yr 1/10
YRrelr == —=1,674-0,529 (Rz+1) (39)
Yrr
b) For non-hardened steels:
Yr 1/100
YR relT = ——=5,306-4,203 (Rz+1) (40)
' Yrr
c) For grey castiron, nitrided and nitro carburized
Yr 1/200
YR el = ——=4,299-3,259 (Rz+1) (41
' Yrr
YR, relT
1,15
1,1
1,05
\\
\\\§
1 —
™~ GG, GGG (fer.), NT(nitr.),
\\ NV/(nitr.), NV(nitrocar.)
0,95 \\ L St
N\l V. GGG (perl., bai.),
0,9 Eh, IF (root)
1 2 34 6810 20 40 Rz
Key
Rz surface roughness (um)

YRRelT surface condition factor (-)

Figure 4 — Surface condition factor, YR reiT, for permissible stress number
relative to standard test gear dimensions

6.5.2 Relative notch sensitivity factor, Y5 reiT-B1

The dynamic notch sensitivity factor, Vs, indicates the amount by which the theoretical stress 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 to calculate the notch sensitivity factor on the basis of strength values
determined at un-notched or notched specimens, or at test gears. If more exact test results (method A)
are not available, method B described in 6.5.2 shall be used.

The calculation of permissible tooth root stresses of bevel gears is based on bending strength values
determined for both, bevel and cylindrical test gears. Therefore, the relative notch sensitivity factor,
Y4 relT, is the ratio between the sensitivity factor of the gear to be calculated and the sensitivity factor of
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the standard test gear. Y5 relT = Y5/YsT may be taken directly from Figure 5 as a function of gs (see 6.4.2)
of the gear to be calculated and of the material.

In order to calculate the relative notch sensitivity factor, Ysreir according to method BI,
Formulae (42) and (43), representing the curves in Figure 5, shall be used:

1+\/P’Zfz
YsreiT12= e (42)
1+4p X7

x 1
X1,2 =§(1+2 ds1,2) (43)
where
p’ shall be taken from Table 1 as a function of the material;
Zi(z is applicable to module mp, = 5, with the size influence accounted for by Yx (see 8.1);

x%( =1,2 iscalculated with g¢p =2,5according to Formula (43).

Table 1 — Slip layer thickness p’

Slip layer thickness
No. Material ,
p
GG op =150 N/mm? 0,3124
2 GG, GGG (ferr) op =300 N/mm?2 0,3095
3 NT (nit(rr.l)i,tlltlovcgr;i)tr.), NV for all hardnesses 0,1005
4 St 0s =300 N/mm? 0,0833
5 St 0s =400 N/mm?2 0,0445
6 V, GTS, GGG (perl., bain.) 00,2 =500 N/mm? 0,0281
7 V, GTS, GGG (perl., bain.) 00,2 = 600 N/mm?2 0,0194
8 V, GTS, GGG (perl., bain.) 00,2 =800 N/mm?2 0,0064
9 V, GTS, GGG (perl., bain.) 00,2 =1000 N/mm? 0,0014
10 Eh, IF (root) for all hardnesses 0,0030
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YS, relT
/ /
1,4 /
Vo ror = V5! Yot °/ / IN/mm?]
150
GG % 330 } o8
NT, NV~ 300
/ Cs
400
=k 500
600
/
7< V,St__|800 Go2
— — <1000
Eh
—
=
/
/
/ /
0,8 / ///
/
0,7 /
1 1,5 2 2 3 4 5 6 7 8 9 s
| | | | | | | | | | | | |
14 15 16 17 138 1,9 2 21 22 23 24 25 26 Yq,
Key
qs notch parameter (-)
Ysa stress correction factor (-)

Ysrelr relative notch sensitivity factor (-)
a Complete insensitivity to notches.
b Complete sensitivity to notches.

Figure 5 — Relative notch sensitivity factor with respect to standard test gear dimensions
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7 Gear tooth rating formulae — Method B2

7.1 Tooth root stress formula

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

0.2 =OF0-82K A Ky Kpg Kpo <OFpp.B2 (44)

with load factors Ka, Ky, Krg and Kpq, as specified in ISO 10300-1.

The tooth root stress opg-p2 is defined as the maximum tensile stress arising at the tooth root due to the
nominal torque when an error-free gear is loaded.

When applying method B2, the combined geometry factor Yp replaces the factors Ypg, Ysa,, Ye, YBsand Yis
of method B1 in the tooth root stress equation:

Frot,2
OFo-B2 = " Ypy (45)

The value of Yp is determined by Formula (46):

Ya1,2 Mye1,2 My 46)

Yp12= Y >
J1,2 Met2

Substitution in Formula (45):

Cromn = Fzm,z ‘ mmztl,Z 'I;Al,z (47)
1,2 Megto J1,2
where
Fmt is the nominal tangential force of bevel gears in accordance with 6.1 of ISO 10300-1:2014;
Ya isthe root stress adjustment factor for method B2 (see 7.4.7);

Yj is the bending strength geometry factor for method B2 (see 7.4.3).

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 between 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.

7.2 Permissible tooth root stress

The permissible tooth root stress, opp, 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:

Orp.-B2 =OFE YNTY§relT-B2 YR relT-B2 Yx (48)
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OFp-B2 =OFlim YsTYNT Y5reiT-B2 YRrelT-B2 Yx (49)
where

OFE is the allowable stress number (bending);

OFE = 0Flim1,2 YsT, the basic bending strength of the un-notched specimen under the
assumption that the material (including heat treatment) is fully elastic;

OFlim 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;

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

Ys relT-B2 s the relative notch sensitivity factor (see 7.5.2) for the bending stress number related
to the conditions at the standard test gear (Vs reiT = Ys/YsT accounts for the notch sensi-
tivity of the material);

YrrelT-B2 is the relative surface condition factor (see 7.5.1) (YR reiT = YR/YRT accounts for the sur-
face condition at the root fillet, related to the conditions at the test gear);

Yx is the size factor for tooth root strength (see 8.1), 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 8.2).

7.3 Calculated safety factor

The determined tooth root stress, of, shall be <opp, which is the permissible tooth root stress. The
calculated safety factor against tooth breakage shall be determined separately for pinion and wheel, on
the basis of the bending stress number determined for the standard test gear:

Opp.
SpB2 = GFP B2 > St min (50)
F-B2

NOTE This is the calculated safety factor with respect to the transmitted torque.
Considerations in reference to the safety factors and the risk (probability) of failure are given in
[SO 10300-1:2014, 5.2.

7.4 Tooth root stress factors

7.4.1 General

To calculate the bending strength geometry factor, Y}, the formulae in 7.4.3 should be used. Because of
the complexity of the calculation, computerization is recommended.

ANSI/AGMA 2003-C10[3] contains graphs for the bevel geometry factor, Yj, for straight, Zerol and spiral
bevel gears for a series of gear designs, based on the smaller of the face width to be chosen b = 0,3R; or
b = 10met. Corresponding graphs for hypoid gears can be found in AGMA 932-A05.[4] 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.

18 © ISO 2014 - All rights reserved



BS ISO 10300-3:2014
1ISO 10300-3:2014(E)

7.4.2 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 Annex B of ISO 10300-1:2014, 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;

— the amount of load carried by one tooth is estimated based on tooth bearing modification and
contact ratio;

— the radial component of the normal load is considered;
— astress concentration factor based on experimental data are applied;
— the concept of effective face width is used.

Bending stress shall be calculated assuming the tooth shaped beam is simulated by a parabola tangent
to the tooth profile at the most highly stressed section. Figure 6 shows a layout for the cases of: a) no
load sharing and b) load sharing.

7.4.3 Basic formula of geometry factor, Y]

The parameters for calculating the geometry factor, Yj are the same for bevel and hypoid gears. However,
the calculation procedures are different. See 7.4.4 for bevel gears without hypoid offset or 7.4.5 for
hypoid gears.

The bevel geometry factor, V), is calculated using Formula (51):

Viza  Tmyo12 Dee1z Mme12 51)

2=y Y b
f1,2 €N TP Tmpt12 D12 M

where

Y12 is the tooth form factor of pinion and wheel (see 7.4.4.4 for bevel gears and 7.4.5.4 for
hypoid gears);

EN is the load sharing ratio (see 7.4.4.3 and 7.4.5.2, respectively);

I'my01,2 is the mean transverse radius to point of load application for pinion or wheel, in millime-
tres (see 7.4.4.2 and 7.4.5.5);

mpt1,2 is the mean transverse pitch radius, in millimetres (see [SO 23509);

Yf1,2  is the stress concentration and correction factor (see 7.4.6.2);
Yi is the inertia factor for gears with a low contact ratio (see 7.4.6.3);

bce1,2 is the calculated effective face width of pinion or wheel, in millimetres (see 7.4.6.4).
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b) Load sharing

Figure 6 — Stress parabola according to Lewis

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

7.4.4.1 Point of load application for maximum tooth root stress, y3

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 position is measured along the path of action from
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its centre, and is designated by yj. Its distance from the beginning of the path of action is designated by
J3.

So, there are three cases for the determination of yy:

when &yy < 2,0:

_ T MyaCosa, Iy

yy= (52)

Met2 2
for a; see ISO 10300-1:—, Formula (B.14), and for gy, see ISO 10300-2:2014, Formula (34)

when &yy > 2,0:

yy=0 (53)
for statically loaded straight bevel and Zerol bevel gears (tip loading):

g

where
gTZ] = ggancos‘}ﬂvb +bvzsin2ﬂvb (55)

The determination of the distance, y3, depends on the type of bevel gears:
for straight bevel and Zerol bevel gears:
2
_ 9von N GvonY] (56)
2 2
9n

for spiral bevel pinions:

Y3

2 2 v
_gvocn+gV(xn'yI'COS ﬁvb+bv'gv0m'g]'k 'Slnﬁvb
2 2

In

for spiral bevel wheels:

Y31 (57)

2 2 .
zgvom +gvan'.}/]'cos ﬁvb_bv'gv(m'g]'k -Slnﬂvb

(58)
2 gﬁ

V32

where

91=\9n 4y} (59)
k’ is the contact shift factor (see ISO 10300-1:2014, B.5)

7.4.4.2 Transverse radius to point of load application, rmyyo 1,2

Since the point of load application does not usually lie in the mean section of the tooth, the actual radius
is determined using Formulae (60) to (67). The distance from mean section to point of load application,
Xoo01,2, 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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Ivan 91 k
X001,2 :% (60)

9n
b) for spiral bevel pinion:

'o2 2
by gyon gjk cos”BypMerz —by yisinfypme;

X001,2 = gz (61)
n
c) for spiral bevel wheel:
' 2 2 :
Xz = by Gyan 9y k c0s*BypMerz +by vy sinfpme, 62)

2
In

The normal pressure angle at point of load application, ay.1,2, for pinion and wheel is derived from:

. [2 2
Y312 T Qyn "SI, —4\[15312 —Tybn1,2
(63)

I'vbn1,2

tanOCLl’z =

The rotation angle, 1,2, used in bending strength calculations for pinion and wheel, &1, is:

S mnl,2

Shi2= —inveay , +invey, (64)

2rvnl,Z

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

I
vbn1,2
Argo 12 =——"——"Tyn1,2 (65)
COS Othl 2
where
@h1,2 = aL1,2 = €h1,2 (66)

Mean transverse radius to point of load application, in millimetres:
Rm + X001,2

Fmy01,2 = 'mpt1,2 R
m

)’f Aryp12Mers (67)

7.4.4.3 Load sharing ratio, ey

The load sharing ratio, €y, is used to calculate the proportion of the total load carried on the tooth being
analysed. It is given by the following formulae (i.e. Formulae (68), (69) and (70):

3
k=x
3 3 2 T M,y COSOl T M, COSOl
g] =g] +k21\/[g] —4k mn a(k mn a +2y]J:|

Metp Met2
=y /4 o /4 o 3
= m.,, . COS m,,, COS
T . )
k=1 Met2 Met2

In Formula (68), 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:

en= (69)

For statically loaded straight and Zerol bevel gears:

en=1,0
(70)

7.4.4.4 Tooth form factor, Y1,

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

1-sino
901,2 =0,55ymn1,2 + Ayfm1,2 AN, +Pya01,2 (—nj (71)
cosa,
9yb1,2 = Nyfm1,2 ~ Pvao1,2 (72)
91012(1) =9012 + Gyb12 (73)
Start of iteration with gy 5 (4) as initial value:
9t01,2
$12= (74)
rvnl,Z
Ixb1,2 = 9f01,2 ~901,2 (75)
97a1,2 = 9yb1,2€0561 2 — Gxp1,25ING1 2 (76)
92b1,2 = 9yb1,251081 2 + Gb1,2 €051 (77)
tanTl,Z — M (78)
97b1,2
SN1,2 = T'yn1,251081 2 = Pya01,2€0ST1 2~ Gzb1,2 (79)
hyt,2 = Aryo1,2 +Tvn1,2 (1 —cos& ) ) +Pva01,251M71 2 + Jza1,2 (80)
Change gro1,2 until
S cott
Nz L2 2,040,001 (81)

hn1,2
Forthe secondtrial, make g1 5(2) = gro1,2¢1) +0,005me,, forthe thirdand subsequenttrials, interpolate.

End of iteration.
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Tooth strength factor:

Tooth form factor:

2 1
Yip=7
3 1 tanOChLz
XN12  3SN12
Figure 6 illustrates the parameters hy, sy and xn.

7.4.5 Geometry factor, V), for hypoid gears

7.4.5.1 Initial formulae

Tooth surface points are calculated using the function eftanor approximate the tooth surfaces.

Drive flank pressure angle in wheel root coordinates:

Oppf =0np —Opsinf -

where 6 is the dedendum angle of the wheel (given in [SO 23509:2008, Table C.5).

Coast flank pressure angle in wheel root coordinates:

Olcnt = Olng +0pSInf
Average pressure angle unbalance:

Aoy = (Dnf — %cnf )
2,0

Limit pressure angle in wheel root coordinates:

o =i — Oy SIn By

Relative distance from blade edge to centreline:

hfmztan Onp + Onc + Wm2 cos Onp + Onc
2,0 2,0 2,0

Mg

Irb =

where Wy is wheel mean slot width (see [SO 23509:2006, Figure 16).

(82)

(83)

(84)

(85)

(86)

(87)

(88)

24 © ISO 2014 - All rights reserved


http://dx.doi.org/10.3403/30110657
http://dx.doi.org/10.3403/30110657

Intermediate value:

_ Irb
Np =tanopnr| — —Nyfma
San!an

Intermediate value:

_ Irb
Ne =tanocye| — —hyfma
sinocys

Intermediate angle:

w, Oyp +0O Oyp 0o
m2 —Pyaoz| sec nD nC _ tqp —nD nC
2,0my,, 2,0 2,0

tanf3, =
thmZ ~ Pva02

Intermediate angle:
(BD —AO{) = ﬂa — Aoy

Intermediate angle:

(Be—Aa) =P, - Aoy

Intermediate value:

hvfm2 ~ Pva02

g1= cosf,

Wheel angle between centreline and fillet point on drive side:

g1sin(Bp —Aa)
yn2 —91€0S (:BD —AOC)

tan Afp =

Wheel angle between centreline and fillet point on coast side:

g1 sin(B¢c—Aox)

tan AO =
¢ Fyn2 =91 €0s(Bc —Awx)

Wheel angle between fillet points:

0, +A0p + A0

A0, =
2 2,0

BS ISO 10300-3:2014
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(89)

(90)

(91)

(92)

(93)

(94)

(95)

(96)

(97)

where 6y is angular pitch of virtual cylindrical wheel (see ISO 10300-1:2014, B.10).
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Vertical distance from pitch circle to fillet point:

[ Fn2 = g1c0s(Bp — ) | cos(46, - A6p)
cosAfp

Y1=Tyn2—

Horizontal distance from centreline to fillet point:

_ I:rvn2 _glcos(ﬁD — O )] Sin(AOZ _AOD)
cosAfp

X1

Generated pressure angle of wheel at fillet point [required for Formula (167)]:

O N2 =Opps — A0,

Distance from centreline to tool critical drive side fillet point:

Uqp =MNp ttanop,¢ (hvfml +hvfm2 ) + Pvao1 (secaan - tanochf)

Distance from centreline to tool critical coast side fillet point:

Mg =T¢ +tanccys (hvfml + hvfmZ)_pva01 (SecaCnf _tanaCnf)

Wheel angle between centreline and critical pinion drive side fillet point:

Hip

tan@DLS =
I'vn2 +hvfml

Wheel angle between centreline and critical pinion coast side fillet point:

Hqc

tan9CLS =
I'yn2 + hvfml

Radius from tool centre to critical pinion drive side fillet point:

R _ T2t hvfml
DL2 —
CcoSs ODLS

Radius from tool centre to critical pinion coast side fillet point:

R _Tvn2 + hvfml
CL2 —
Cos OCLS

Wheel angle from centreline to pinion tip on drive side, Op1:

For start of iteration, assume 6p; =6, .

Ary =Ty, (eeDltan o - 1,0)

hy = (ryng +Ary) sin(apyeOpg )= (rynz Sinoppe = grp)

2 .
hy, :\/r3n1—(rvn1—4r1) c0s* (0typnf +0p1) = (Fyn1 —Ar1 ) sin(0pye +6p7)

Change 6 until hy, =h; which is the end of iteration.

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

(98)

(99)

(100)

(101)

(102)

(103)

(104)

(105)

(106)

(107)

(108)

(109)
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For the start of iteration, assume 6y,,, =1/26,, .

_ Opyotanoi;
H1po =Tyn2€ P20 Sll’19D20

Change 6y,, until uyp, = uyp which is the end of iteration.

Wheel angle from centreline to tooth surface at critical fillet point on coast side, 8¢2:

For start of iteration, assume 0,, =—1/26,,.

_ Oco, tanos .
Hico =Tynze 20 "TsinOcy,

Change 0y, until py¢, = t1c which is the end of iteration.
Pinion angle from centreline to tooth surface at critical drive side fillet point, Op1,:

Formula (112) shall be solved for 6p1,.

Fonz (eeDZO tanoy 1’0) =Tyt (1'0 _ eQDlo tanog )
Pinion angle from centreline to tooth surface at critical coast side fillet point, O¢1,:
Formula (113) shall be solved for 6¢1o.

rvnz (eOCZO tanaf _1’0) — rvnl (1’0_e0C10 tanaf )

Wheel difference angle between tool and surface at drive side fillet point:
Abp20 =OpLs —Op2o

Wheel difference angle between tool and surface at coast side fillet point:
A0c20 =0cLs —0c20

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

Ry »,SinA@
tanA@p,, =— DL2 D20

Fyn2 +Tyn1 — Rpp2€0546p5,
Pinion difference angle between tool and surface at coast side fillet point:

RCLZ SinAGCZO

tan A9C1O =—
'yn2 +Tyn1 —Rer2 €0SABO(,

Pinion angle unbalance between fillet points:

_ 610 1+0c10+46p10 +46c1,
2,0

A6,

Pinion angle from centreline to pinion tip, Op,:

Formula (119) shall be solved for 8p.

Arl = rvnl (1,0— eODO tanaf )
Wheel angle from centreline to tooth surface at pitch point on drive side, 6p:
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(112)

(113)

(114)

(115)

(116)

(117)

(118)

(119)
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For start of iteration, assume 6y =—1/36,,.

Ar =g €90 —1,0) (120)

h= (rVnZ +Ar) sin(aan +9D)_(rvn25inaan _grb) (121)

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

The wheel angle from centreline to fillet point on drive flank, 8py, is evaluated by iteration. The initial
value, Opy, should be determined depending on the amount of (r,,, +Ar):

a) (rvn2+Ar)>rvaZ

6D2 20,8 OD (1223)

b) (rvn2+Ar):rVaZ

9D2 =1,0 QD (122b)

C) (rvn2+Ar)<rVa2

Start of iteration:

Ary =z (%2 —1,0) (123)

hy = (rynz + Ary )sin(Cpng +Opz )= (Fyn2Sin0pat = Grp) (124)
2 .

h20 =i\/r3a1—(rvn1 +Ar2) COSZ(aan+9D2)+(rvn1 +Ar2)51n(O(an+9D2) (125)

with +sign, if (ryp,sinapye — g ) <0,0 or -sign, if (ryp,sinapye — g ) 20,0
Change Op> until hy = hp, which is the end of iteration.

7.4.5.2 Load sharing ratio, ¢y, for hypoid gears

Load sharing ratio for hypoid gears:

e =10 (126)
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7.4.5.3 Tooth strength factor, xn1 2, for hypoid gears

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

Ivol = \/hlz +(Ary —Ar)z —2,0hy (Ary —Ar)sin(opps +60p1)

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

Ivor = \/hg +(Ar, —Ar)z —2,0hy (Ary — Ar)sin(otp e +6p>)

Length of action in normal section:

9von = 9Gvol T 9va2

Profile contact ratio in mean normal section:

€von =Yvon /pmn

Modified contact ratio for hypoid gears:

£,,=]e2 +83ﬁ

vy von

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

er=1,0-0,5¢,

b) when Eyy >2,0:

Er =0,0

The lengthwise load sharing factor is

a) when e, <2,0:

gb :2'0 '8\/}/ —1,0

b) when ¢,,2>2,0:

vy
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(127)

(128)

(129)

(130)

(131)

(132a)

(132b)

(133a)
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gb = £V’}/
Length of action from pinion tip to point of load application:

2 2 '

_ |Pmn€von O’SEVJ’ _8V/38b k +ee |-

9va3z = 2 f |~Y9vol
€4y €von Eva

Length of action from wheel tip to point of load application:

2 2 1
_|pmn8van O’SSVY +8Vﬁgbk + _
Gvos = 2 € " 9va2
Evy €van Eva

Length of action to point of load application:

9112 = 9von ~ I9va3 s

Wheel angle from pinion tip to point of load application, Opa:

For start of iteration, assume p3 =—1/26,,.

Opstana
Arz =ryno (e D3 —1,0)

h3 = (ran +Ar3)sin(aanf +0D3)_(rvn2 sinoyppe _grb)

2 .
h3o = \/95053 —(Ar;—Ar) cos? (0typnf +6p3 ) —|Ars — Ar|sin(ot,pus +6p3)

Change 6p3 until hz = hz, which is the end of iteration.
Pinion angle from wheel tip to point of load application, Opa4:

For start of iteration, assume 0p, =1/36,,.

_ Opgtana
Ar4— vnz(e D4 f—l,O)

h4 = (ran +Ar4-)5in(aanf +9D4—)_<rvn2 Sinaanf _grb)

2 .
hao = \/g\2/a4 —(4ry = Ar)” cos® (otypnt +0p4 ) ~|Ars = Arfsin (typns +6p4)

Change 6p4 until hy = hy, which is the end of iteration.

Distance from pitch circle to point of load application, AryN2:

Arpyy = (Fyng +4r3)cos(@typnt +6p3)

Cos O!LNZ vn2

Angle between centreline and line from point of load application and fillet point on wheel, a240:

For start of iteration, assume 5, =2,00p s .
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(133b)

(134)

(135)

(136)

(137)

(138)

(139)

(140)

(141)

(142)

(143)
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Horizontal distance from centreline to critical fillet point:

SN2 = X1~ Pva02€05q340

Vertical distance from pitch circle to critical fillet point:

Y2 = Y11 Pyao2Sintye,

Wheel load height at weakest section:

hyp =Y+ AN,

Auxiliary value:
hyz =N
° 2,0tanay,,

Change o, until hy, = hy,, which is the end of iteration.

At this stage, the wheel tooth strength factor is calculated by Formula (148):

2
¥ _ SN2
N2T 5
N2

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

Formula (149) shall be solved for 6ps.
Ary =Ty (1,0—e9‘35tano‘f )

Pinion pressure angle at point of load application:

O N1 = Oynf +0pg —Ops + 46,

Pinion radial distance to point of load application:

(ryn1—Ary )cos(appe +6py)
COS&LNl

F410 =

Start of iteration comprising Formula (152) to Formula (165):

0p, =0pp should be used as initial value.
Wheel angle between centreline and pinion fillet, 0p5,:

For an enclosed iteration, assume 6p,,, =1/26,,.

_ Op2ootanas
Ars =Tyn2€ 00

Upy = Tyn2 + hvfml ~Pvao1 _Ar5 C059D200
tanOtDO

Hp = Argsinbpy,,

Change 0., until up = upq +1p, which is the end of the enclosed iteration.
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(144)

(145)

(146)

(147)

(148)

(149)

(150)

(151)

(152)

(153)

(154)
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For the pinion angle between centreline and pinion fillet solve Formula (155) for 8, :

Fonz (eeDZOO tanO(g _1‘0) = Font (1,0—80[)100 tanog )

Wheel rotation through path of action:

Hp1 = Pva01€0S0p,

tan@,, = ,
Fyn2 +Pyfm1 = Pvao1 + Pvao1Sinp,

(155)

(156)

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

A0p200 = 0120 = D200

Wheel radius to pinion fillet point:

Ly, = Ton2 +hyfin1 = Pvao1 T Pva01 SIN%p,
0 cos6 7,

Pinion angle to fillet point:

I 9, SiNAQ
tanAeDloo - L20 D200

I'vm2 t'yn1 —1'L20 COSAGDZOO
Pinion radius to fillet point:

Mi1o = Fyn2 +Tyn1 =120 €05 A0p740
0 €os ABp 1,

Pinion angle from centreline to fillet point:

(4601 =6110) =461 —Op190 — 46D 140

(157)

(158)

(159)

(160)

(161)

Angle between centreline and line from point of load application and fillet point on pinion, a1

01 = 0po ~0On200 +Op100

Horizontal distance to critical fillet point:
SN1 =TL1051n(461 —611,)

Pinion load height at weakest section:

hN1=T410~T10€05(461 6| 15)

Auxiliary value:
s
h — N1
N1o ™5 0tan oy

Change ap,until hy; =h g,

End of iteration.

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

2
SN1

Xnq =
N1
th
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(163)

(164)

(165)

(166)
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7.4.5.4 Tooth form factor, Y1 2, for hypoid gears

Calculations shall be carried out for pinion and wheel:

1

T3 1 tanogngo
XN1,2  35N1.2
7.4.5.5 Transverse radius to point of load application, rmyo 1,2
Mean face width of pinion and wheel:
by 2€ v om€
By g =2 onVE (168)
Evy
Contact shift due to load for pinion and wheel:
' biege
Xoo1 =k'by ———. (169)
Eyy
boece
Xo02 =k'by +——5—F fz v (170)
Eyy
where k’ is the contact shift factor as specified in ISO 10300-1:2014, B.5.
Transverse radius to point of load application for pinion and wheel:
Fmpt1 (Xool +Rm2)
Fyo1 =~ R +(r410 = Tyn1) Merz (171)
m2
Fmpt2 (X002 + Rm2)
Fmy02 =~ Roo TEE 4 ArpNg Meg (172)
m2

7.4.6 Additional tooth strength parameters (for bevel and hypoid gears)

7.4.6.1 Tooth fillet radius at root diameter, rf

The minimum tooth fillet radius occurs at the point where the fillet becomes tangent to the root circles,
and is given by Formula (173).

Relative fillet radius at root of tooth:

(hyfm12 = Pvao12 )2

'mf1,2 = Pva01,2 (173)

Fyn12 + Myfm12 — Pvao1,2

7.4.6.2 Stress concentration and correction factor, Y
The stress concentration and stress correction factor, Y5, depends on the following:
a) tooth geometry;

b) location of the load;
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c) plasticity effects;

d) residual stress effects;

e) material composition effects;

f) surface finish resulting from gear production and subsequent service;
g) Hertzian stress effects;

h) size effects;

i) end of tooth effects.

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

2s M 2s 0
Yirp =L+ N1,2 N1,2 174)
I mf1,2 hni2
where
L=0,3254545-0,007 272 7 an (175)
M=0,3318182-0,009 090 9 ay, (176)
0=0,268181 8+ 0,009 0909 ay, (177)

ap is the actual pressure angle, in degrees.

Other factors from c) to i) may be included under those covered by Formula (48). Usually, d) and e) are
included in the allowable stress number ofg, while h) is included in size factor Yx and i) in calculated
effective face width, bce (see 7.4.6.4).

7.4.6.3 Inertia factor, Y;

The inertia factor, Yj, 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:

a) when Eyy < 2,0:

Y, = 2,0/8\,7, (178a)
b) when Eyy >2,0:
Y;=1,0 (178b)

For statically loaded gears, such as those in vehicle drive axle differential gears, Y; equals 1,0 even when
gyy is less than 2,0.
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7.4.6.4 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 contact line frequently does not extend over the entire face width. Formulae (179)
to (184) are used to determine the value of the effective face width:
b 2
1,2 9van 91,2 €05 Byp

91

gKi12 = (179)

where
gk is the projected length of the instantaneous contact line in the tooth lengthwise direction;

gy s the length of action from mean point to point of load application, [see Formula (59) for bevel
gears without offset or Formula (136) for hypoid gears].

For the toe increment:

. by, — X
Abjy 5= 1,2 "9k1,2 ool (180)

2cosPpiy  cosPmi

For the heel increment:

_b12-9k12 . %ool2
2cosPpyy  cosPBmin

(181)

with Xg01,2 as calculated in 7.4.4.2.

The toe and heel increment are used to select the correct 4bj1,2 and Abe; 2 values for Formula (183):
a) when Ab'i1,2 and Ab'el,Z are both positive:

Abjy 2 =Ab iy 5 (182a)

b) when Ab'il,z is positive and Ab'el,Z is negative:

Abiy 5 =(b12-9Kk1,2)/€0SB12 (182b)

c) when Ab;;, isnegative and Ab 4 , is positive:

Abil,z =0 (182(:)

d) when Ab;l'z and Abill,z are both positive:

Ab g1 =4b g (182d)

e) when Ab;l'z is positive and Abill‘z is negative:

Ab 12 =(b12- 9K 1,2)/€0S P12 (182¢)

f) when Ab;l'z is negative and Ab;l'z is positive:
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Abey =0 (182f)
The calculated effective face width is determined by Formula (183):

Ab; Ab
12 |4 arctan el,2

b =254 h cos arctan| ———=— —_
cel,2 N1,2 ﬂml,Z 25,4 hNa1,2 25,4 hNa1,2

+9x1,2 (183)

7.4.7 Root stress adjustment factor, Yy

The root stress adjustment factor, Yy, adjusts the calculation results of method B2 so that it is possible to
use the nominal stress numbers of ISO 6336-5. The equation for Yy is based on carburized case hardened
steel. Good quality material is defined by MQ grade in ISO 6336-5 as that meeting the requirements
of experienced manufacturers at moderate cost with an allowable stress range of 425 N/mm?2 to
500 N/mm?2. The equivalent in ANSI/AGMA 2003-C10[3] is 280 N/mm?2 to 480 N/mm?2.

Using average values for carburized case hardened steel:

Y, =1,075 (184)
For other specific materials and qualities, Y should be calculated in the same manner.

7.5 Permissible tooth root stress factors

7.5.1 Relative surface condition factor, YR reIT-B2

For gears with a roughness height of Rz < 16 pm at the root, it may generally be assumed that:

YR reir =1,0 (185)

The reduction of the allowable stress number is small in the range 10 pm < Rz < 16 um. In the case of
Rz < 10 pm, the calculation according to Formula (166) is on the safe side.

7.5.2 Relative notch sensitivity factor, Ys reiT-B2
In the case of gears with g5 = 1,5 the relative notch sensitivity factor is set as:

Y5 reir =1,0 (186a)

The reduction of the permissible tooth root stress expected in case of g5 < 1,5 is accounted for by:

Y3 perr =0,95 (186b)
8 Factors for permissible tooth root stress common for method B1 and meth-
od B2
8.1 Size factor, Yx

8.1.1 General

The size factor, Yx, accounts for the decrease in strength with increasing size (size effect) and is
determined for pinion and wheel, respectively.
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The main factors of influence for Yx are the following:
— 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.

If no test values or other proven experience are available, Yx may be approximated according to
Figure 7 as a function of the mean normal module mp,,;, and the material. For the abbreviated terms, see
[SO 10300-2:2014, Table 1.

Yx

—
|-

NJ—St, V, GGG (perl,, bai.), GTS (perl.)

0,9 /\

/ ___Eh, IF, NT, NV
0,8 4 —
b \(/GG, GGG (ferr.)
0,7
0
02 10 20 30 M mn

Key

Mmpmean normal module (mm)

Yx size factor for tooth root stress
a  Static stress (all materials).

b Reference stress.

Figure 7 — Size factor, Yy, for permissible tooth root stress

When Yy is calculated, Formula (188) to Formula (190), which approximately represent the slope of the
curves in Figure 7, may be used.

8.1.2 Formulae

8.1.2.1 Structural and through hardened steels, spheroidal cast iron, perlitic malleable cast
iron

Yx = 1,03 - 0,006 mmn (187)

with 0,85<Yx<1,0

8.1.2.2 Case, flame, induction hardened steels, nitrided or nitro carburized steels
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Yx = 1,05 - 0,01 mmn (188)

with 0,80 < Yx<1,0

8.1.2.3 Grey cast iron and spheroidal cast iron (ferrit structure)

Yx = 1,075 - 0,015 mmn (189)
with 0,70 < Yx < 1,0.
8.2 Life factor, YNT

8.2.1 General

The life factor, YnNT, accounts for higher tooth root stresses, which may be tolerable for a limited life
(number of load cycles), compared with the allowable stress at 3 x 106 cycles. It shall be determined for
pinion and wheel respectively.

The principal influence factors for Yy are the following:
— material and heat treatment (see ISO 6336-5);

— number of load cycles Ny, (service life);

— failure criteria;

— smoothness of operation;

— gear material cleanliness;

— material ductility and fracture toughness;

— residual stress.

The number of load cycles Ny, is defined as the number of mesh contacts under load. The allowable stress
numbers are established for 3 x 106 tooth load cycles at 99 % reliability.

Where justified by experience, a value of unity for Yyt may be used beyond 3 x 106 cycles. In this case
optimum conditions for material quality and manufacturing, together with an appropriate safety factor,
should be considered.

8.2.2 Method A

The S-N or damage curve derived from facsimiles of the actual gear is determinant for the establishment
of limited life. In this case, the factors YsRrelT, YR RelT and Yx are, in effect, already included in the
S-N/damage curves, and therefore, 1,0 is to be substituted for each in the calculation of permissible
stress.

8.2.3 Method B

8.2.3.1 General
For this method, the life factor YnT of the standard reference test gear is used for the calculation

of permissible stress for limited life. Unlike for method A, the factors YsRreiT, YR,RelT and Yx shall be
considered.
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8.2.3.2 Graphed values

Graphed values of YNyT may be read from Figure 8 for the static, limited life and endurance strength, as
a function of material and heat treatment. Values from a large number of tests are presented as typical
damage or crack initiation curves for surface hardened and nitride hardened steels, or curves of yield
stress for structural and through hardened steels.

8.2.3.3 Determination by calculation

The life factor, YT, for static and endurance strengths shall be taken from Table 2. Yy for limited life
stress is determined by means of interpolation between the values for endurance and static strength
limits. (The evaluation of Yyt is described in ISO 6336-6.[2])

Warning — Stress levels above those permissible for 103 cycles should be avoided, since they
might exceed the elastic limit of the gear tooth.

Yr
V. GGG (perl. bai.)
GTS (perl.)
2,5
- Eh.IF (pied)™ N\
N
2 - N
L NTV (nltr.) h S \\
18 | GGG (ferr.) ST
| [LGG. St AN
’ NN
1,4 e \\\\
N \\\ !
1,2 et
NV (nitrocar SN \\
PR N
1 i iisi s S EE R R
08 [T
102 103 104 105 106 107 108 109 1010 N
Key
Ny, number of load cycles (-)

YNT life factor (bending) (-)

Figure 8 — Life factor, YnT (standard reference test gears)
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Table 2 — Life factor, YT, for static and endurance stress

Materiala Number of load cycles, Ny, Life factor, YNT

Ni, < 104, static 2,5

| N =3 x 106, endurance 1,0

GGG (perl. bai.), Ny, = 1010, endurance 0,85

GTS (perl) Optimum conditions; matgrial, manufacturing 10
and experience ’

N, < 103, static 2,5

N, =3 x 106, endurance 1,0

Eh, IF (root) Ny, = 1010, endurance 0,85

Optimum conditions; material, manufacturing

and experience 1o

Ny, < 103, static 1,6

St, Np, =3 x 106, endurance 1,0

NTV (nitr), N, = 1010, endurance 0.85

GG, GGG (ferr.) Optimum conditions; matgrial, manufacturing 10
and experience ’

Ny, < 103, static 1,1

Ni, =3 x 106, endurance 1,0

NV (nitrocar) Ny, = 1010, endurance 0,85

Optimum conditions; material, manufacturing 10

and experience

a  For descriptions of the material abbreviated terms, see Table 1.
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