BRITISH STANDARD BS ISO
6336-3:1996

Implementation of
ISO 6336-3:1996

Calculation of load
capacity of spur and
helical gears —

Part 3: Calculation of tooth bending
strength

ICS 21.200

W, A, @

LA W =—

B e
NO COPYING WITHOUT BSI PERMISSION EXCEPT AS PERMITTED BY COPYRIGHT LAW

. _______________________________________________________________________________________ AW J

Document Sharing Hub

Full document details: BS ISO 6336-3:1996


http://www.avadocuments.com/doc/bs-iso-6336-3-1996
http://www.avadocuments.com/doc/bs-iso-6336-3-1996

BS ISO 6336-3:1996

Committees responsible for this
British Standard

The preparation of this British Standard was entrusted to Technical
Committee MCE/5, Gears, upon which the following bodies were represented:

British Engineering Cutting Tools Association

British Gear Association

British Horological Federation

British Horological Institute

Engineering Equipment and Materials Users’ Association
Federation of Manufacturers of Construction Equipment and Cranes
Gauge and Tool makers’ Association

Institution of Mechanical Engineers

Lloyds Register of Shipping

London Underground Ltd.

Ministry of Defence

Power Generation Contractors’ Association [PGCA (BEAMA Ltd.)]

This British Standard, having
been prepared under the
direction of the Engineering
Sector Board, was published
under the authority of the
Standards Board and comes

into effect on Amendments issued since publication
15 February 1997

© BSI 01-1999 Amd. No. Date Comments

The following BSI references
relate to the work on this
standard:

Committee reference MCE/5
Draft for comment 90/77564 DC

ISBN 0 580 26619 2 _____Documents

Document Sharing Hub

Full document details: BS ISO 6336-3:1996


http://www.avadocuments.com/doc/bs-iso-6336-3-1996
http://www.avadocuments.com/doc/bs-iso-6336-3-1996

BS ISO 6336-3:1996

Contents
Page
Committees responsible Inside front cover
National foreword 111
Foreword 1
Introduction 1
1  Scope 1
2 Normative references 1
3  Tooth breakage and safety factors 1
4  Basic formulae 2
5  Form factors, Yp and Yp,; Tip factor, Ypg 9
6  Stress correction factors, Yg and Yg, 35
7  Contact ratio factor, Y, 45
8  Helix angle factor, Yg 46
9  Reference stress for bending 47
10  Life factor, YN 47
11  Sensitivity factors, Ys, Ys7, Ys5 and relative notch
sensitivity factors, Ys.o1 1, Ysrel k 48
12 Surface factors, YR, Ygrr, YRK, and relative surface
factors, YR ve1 T @0d YR 1ol k 60
13  Size factor, Yx 64
Annex A Bibliography 67
Figure 1 — Graphical determination of the permissible bending
stress for a limited life, In accordance with method B 6
Figure 2 — Dimensions and basic rack profile of the teeth
(finished profile) 9
Figure 3 — Determination of the normal chordal dimensions
of the tooth root critical section for Method B. 10
Figure 4 — Parameters for the determination of form
factor, Yy, for internal gearing (method B) 13
Figure 5 — Determination of the normal chordal
dimensions of the tooth root critical section for Method C 14

Figure 6 — Parameters for the determination of form

factor, Yy, for internal gearing (Method C) 15
Figure 7 — Determinant load application position for

the calculation of form factor, Y, and stress correction

factor, Y, as a function of the virtual profile contact ratio, €, 17
Figure 8 — Virtual number of teeth, z, (graph for

approximate estimation) 18
Figure 9 — Form factor, Yp,, for external gearing with basic

rack profile: o, = 20°; hyp/my = 1,0; hep/m,, = 1,25; pep/m,, = 0,25 19
Figure 10 — Form factor, Yp,, for external gearing with basic

rack profile: o, = 20°%; h p/my = 1,0; hep/m,, = 1,25; pep/m,, = 0,3 20
Figure 11 — Form factor, Yy,, for external gearing with basic

rack profile: a, = 20°; hyp/m,, = 1,0; hep/my, = 1,25; pgp/m, = 0,375 21
Figure 12 — Form factor, Yy,, for external gearing with basic

rack profile: o, = 20°; h,p/m,, = 1,0; hep/my, = 1,35; pgp/m, = 0,3 22
Figure 13 — Form factor, Yy,, for external gearing with basic

rack profile: o, = 20°; h,p/m,, = 1,2; hep/my, = 1,5; pgp/m, = 0,3 23

Figure 14 — Form factor, Yp,, for external gearing with basic
rack profile: a,= 20°% hop/my = 1,0; hep/my, = 1,4; pep/my = 0,4; s
Figure 15 — Form factor, Yp,, for external gearing with basic
rack profile: o, = 22,5° h,p/m, = 1,0; hep/m, = 1,25; pep/m, = 0,4 25
Documents

pr=0,02m, 24

© BSI 01-1999

Full document details: BS ISO 6336-3:1996

Document Sharing Hyb


http://www.avadocuments.com/doc/bs-iso-6336-3-1996
http://www.avadocuments.com/doc/bs-iso-6336-3-1996

BS ISO 6336-3:1996

Page
Figure 16 — Form factor, Yy,, for external gearing with basic
rack profile: o, = 25°; hyp/m,, = 1,0; hep/my, = 1,25; pgp/m, = 0,318 26
Figure 17 — Tip factor, Ygg (= Yg, Yg,) for external gearing with
basic rack profile: a, = 20°; h,p/m,, = 1,0; hep/my, = 1,25; pgp/m,, = 0,25 27

Figure 18 — Tip factor Ygg (= Yp, Ys,) for external gearing
with basic rack profile: o, = 20°; h p/m,, = 1,0; hep/my, = 1,25; pgp/m,, = 0,3 28
Figure 19 — Tip factor, Ypg (= Yy, Yg,) for external gearing with

basic rack profile: o, = 20°; h p/m, = 1,0; hep/m, = 1,25; pgp/m, = 0,375 29
Figure 20 — Tip factor Ypg (= Yp, Ys,) for external gearing with
basic rack profile: a, = 20°; hyp/m, = 1,0; hep/m,, = 1,35; pep/my, = 0,3 30
Figure 21 — Tip factor, Ygg (= Yp, Yg,) for external gearing with
basic rack profile: a, = 20°; hyp/m, = 1,2; hep/m,, = 1,5; pgp/m,, = 0,35 31

Figure 22 — Tip factor Ypg (= Yp, Yg,) for external gearing with
basic rack profile: o, = 20°; hyp/m,, = 1,0; hep/my, = 1,4; pep/m,, = 0,4;

Spr = 0,02 my, 32
Figure 23 — Tip factor Ygg (= Yp, Yg,) for external gearing with

basic rack profile: a, = 22,5°% hyp/my = 1,0; hep/my, = 1,25; pegp/my, = 0,4 33
Figure 24 — Tip factor Ygg (= Yp, Yg,) for external gearing with

basic rack profile: o, = 25°; h,p/m, = 1,0; hep/m,, = 1,25; pgp/m,, = 0,318 34
Figure 25 — Form factor, Yg,, for external gearing with basic

rack profile: a, = 20°; h,p/m, = 1,0; hep/m, = 1,25; pep/m,, = 0,25 37
Figure 26 — Form factor, Yg,, for external gearing with basic

rack profile: o, = 20°; h,p/my = 1,0; hep/m, = 1,25; pep/m,, = 0,3 38
Figure 27 — Form factor, Yg,, for external gearing with basic

rack profile: o, = 20°; hop/my = 1,0; hep/m,, = 1,25; pep/m,, = 0,375 39
Figure 28 — Form factor, Yg,, for external gearing with basic

rack profile: o, = 20°; h p/my = 1,0; hep/m, = 1,35; pep/m,, = 0,3 40
Figure 29 — Form factor, Yg,, for external gearing with basic

rack profile: a, = 20°; hyp/m, = 1,2; hep/m,, = 1,5; pgp/my = 0,3 41

Figure 30 — Form factor, Yg,, for external gearing with basic rack

profile: a,= 20°%; hyp/my, = 1,0; hgp/my, = 1,4; pep/my, = 0,4; s, = 0,02 my, 42
Figure 31 — Form factor, Yg,, for external gearing with basic
rack profile: a, = 22.5° hyp/m, = 1,0; hep/my, = 1,25; pgp/my, = 0,4 43
Figure 32 — Form factor, Yg,, for external gearing with basic
rack profile: o, = 25°; hyp/m,, = 1,0; hep/my, = 1,25; pgp/m, = 0,318 44
Figure 33 — Notch Dimensions 45
Figure 34 — Contact ratio factor (root), Y. for o, = 20° 46
Figure 35 — Helix factor, YB 47
Figure 36 — Life factor, Yy (for standard reference test gears) 49
Figure 37 — Relative notch sensitivity factor, Y 5 .. T, for
reference stress (Yg, is valid for sg /Ay, = 1,1) 56
Figure 38 — Relative notch sensitivity factor, Ys .. T, for static stress 57
Figure 39 — Sensitivity factor, Ys, for reference stress
(Ygq is valid for Sg,y/hp, = 1,1) 58
Figure 40 — Sensitivity factor, Y, for static stress 59
Figure 41 — Relative surface factor, YR . 7 (derived from Figure 42) 61
Figure 42 — Surface factors, Y and Yy (related to the
smooth polished test piece) 63
Figure 43 — Size factor, Yy, for tooth bending strength 65
Table 1 — Life factor, Ynr 50
Table 2 — Values for slip-layer thickness p’ 52
Table 3 — Size factor (root), Yx 65
Documents
o BOryMens Sharing Hub

ii

Full document details: BS ISO 6336-3:1996


http://www.avadocuments.com/doc/bs-iso-6336-3-1996
http://www.avadocuments.com/doc/bs-iso-6336-3-1996

BS ISO 6336-3:1996

National foreword

This British Standard reproduces verbatim ISO 6336-3:1996 and implements it
as the UK national standard.

This British Standard is published under the direction of the Engineering Sector
Board whose Technical Committee MCE/5 has the responsibility to:

— aid enquirers to understand the text;
— present to the responsible international committee any enquiries on
interpretation, or proposals for change, and keep UK interests informed;

— monitor related international and European developments and promulgate
them in the UK.
NOTE International and European Standards, as well as overseas standards, are available from
Customer Services, BSI, 389 Chiswick High Road, London W4 4AL.
A British Standard does not purport to include all the necessary provisions of a
contract. Users of British Standards are responsible for their correct application.

Compliance with a British Standard does not of itself confer immunity
from legal obligations.

Summary of pages
This document comprises a front cover, an inside front cover, pages 1 to 1v,
the ISO title page, page i1, pages 1 to 66, an inside back cover and a back cover.

This standard has been updated (see copyright date) and may have had
amendments incorporated. This will be indicated in the amendment table on

the inside front cover. Documents
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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 liason with
IS0, also take part in the work. ISO collaborates closely with the International
Electrotechnical Commission (IEC) on all matters of electrotechnical
standardization.

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

International Standard 6336-3 was prepared by Technical Committee ISO/TC60,
Gears, Subcommittee SC2, Gear capacity calculation.

ISO 6336 consists of the following parts, under the general title Calculation of load
capacity of spur and helical gears:

— Part 1: Basic principles, introduction and general influence factors;
— Part 2: Calculation of surface durability (pitting);
— Part 3: Calculation of tooth bending strength,;
— Part 5: Strength and quality of materials.
Annex A of this part of ISO 6336 is for information only.
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Introduction

The maximum tensile stress at the tooth-root (in the direction of the tooth height) which may not exceed

the permissible bending stress for the material, is the basis for rating the bending strength of gear teeth.
The stress occurs in the “tension fillets” of the working tooth flanks. If load-induced cracks are formed, the
first of these often appears in the fillets where the compressive stress is generated; i.e. in the “compression
fillets”, which are those of the non-working flanks. When the tooth loading is unidirectional and the teeth
are of conventional shape, these cracks seldom propagate to failure. Crack propagation ending in failure is
most likely to stem from cracks initiated in tension fillets.

The endurable tooth loading of teeth which are subjected to a reversal of loading during each revolution,
such as “idler gears”, is less than the endurable unidirectional loading. The full range of stress, in such
circumstances, 1s more than twice the tensile stress which occurs in the root fillets of the loaded flanks.
This is taken into consideration when determining permissible stresses (see ISO 6336-5).

When gear rims are thin and tooth spaces adjacent to the root surface are narrow (conditions which can
apply in particular to some internal gears), initial cracks commonly occur in the compression fillet. Since,
in such circumstances, gear rims themselves can suffer fatigue breakage, special studies are necessary.
See clause 1, 5.2.2 and 5.3.2.

Several methods for calculation of the critical tooth-root stress and for evaluating some of the relevant
factors have been approved (see ISO 6336-1).

1 Scope

This part of ISO 6336 specifies the fundamental formulae for use in tooth bending stress calculations for
involute internal and external spur and helical gears with a minimum rim thickness under the root

of sg = 3,56 m,,. All load influences on tooth stress are included insofar as they are the result of loads
transmitted by the gearing and insofar as they can be evaluated quantitatively (see 4.1.1).

The given formulae are valid for spur and helical gears with tooth profiles in accordance with the basic rack
standardized in ISO 53 (see introduction). They may also be used for teeth conjugate to other basic racks
if the virtual contact ratio is less than e, = 2,5.

NOTE 1 See 4.1.1 ¢) and 5.3 for restrictions in the case of method C.

The load capacity determined on the basis of permissible bending stress is termed “tooth bending strength”.
The results are in good agreement with other methods for the range as indicated in ISO 6336-1.

The user of this part of ISO 6336 standard is cautioned that when the method specified is used for large
helix angles and large pressure angles, the calculated results should be confirmed by experience as by
method A.

2 Normative references

The following standards contain provisions which, through reference in this text, constitute provisions of
this part of ISO 6336. At the time of publication, the editions indicated were valid. All standards are subject
to revision, and parties to agreements based on this part of ISO 6336 are encouraged to investigate the
possibility of applying the most recent editions of the standards indicated below. Members of IEC and ISO
maintain registers of currently valid International Standards.

IS0 53:1974, Cylindrical gears for general and heavy engineering — Basic rack.

ISO 6336-1:1996, Calculation of load capacity of spur and helical cylindrical gears — Part 1: Basic
principles, introduction and general influence factors.

ISO 6336-5:1996, Calculation of load capacity of cylindrical gears — Part 5: Strength and quality of
materials.

3 Tooth breakage and safety factors

Tooth breakage usually ends the service life of a transmission. Sometimes the destruction of all gears in a
transmission can be a consequence of the breakage of one tooth. In some instances the transmission path
between input and output shafts is broken. As a consequence, the chosen value of the safety factor Sy
against tooth breakage should be larger than the safety factor against pitting.

General comments on the choice of the minimum safety factor can be found in ISO 6336-1, subclause 4.1.3.
It is recommended that manufacturer and customer agree on the value of the minimum safety factor.
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This part of ISO 6336 does not apply at stress levels above those permissible for 102 cycles, since stresses
in this range may exceed the elastic limit of the gear tooth.

4 Basic formulae

NOTE 2 All symbols, terms and units are defined in ISO 6336-1.
The actual tooth-root stress op and the permissible bending stress opp shall be calculated separately for
pinion and wheel; o shall be less than opp.

4.1 Tooth-root stress, op

4.1.1 Methods for the determination of tooth-root stress, op: Principles, assumptions, and
application

According to this part of ISO 6336, the local tooth-root stress is determined as the product of nominal
bending stress and a stress correction factor (methods B and Cl)).

a) Method A

In principle, the maximum tensile stress can be determined by any appropriate method (e.g. finite
element analysis, integral equations, conformal mapping procedures, or experimentally by
photo-elastic stress analysis, strain measurement, etc.). In order to determine the maximum tooth-root
stress, the effects of load distribution over two or more engaging teeth and changes of stress with
changes of meshing phase shall be taken into consideration.

It should be noted that the tooth-root tensile stress has relevance to the plane-strain condition. This is
important when making comparisons with the results of photo-elastic stress evaluations (methods B
and C) and the permissible stresses.

Method A is only used in special cases and, because of the great effort involved, is only justifiable in
such cases.

b) Method B

This method involves the assumption that the determinant tooth-root stress occurs with application of
load at the outer point of single pair tooth contact of spur gears or of the virtual spur gears of helical
gears. However, in the latter case, the “transverse load” shall be replaced by the “normal load”, applied
over the facewidth of the actual gear of interest.

For gears having virtual contact ratios in the range 2 = ¢,,, < 3, it is assumed that the determinant
stress occurs with application of load at the inner point of double pair tooth contact. Formulae are
provided for the calculation of the appropriate form factors Yz for the nominal stress and Yy for the
stress correction factors. In the case of helical gears, the factor Yz accounts for deviations from these
assumptions.

Method B is suitable for more detailed calculations and is also appropriate for computer programming
and for the analysis of pulsator tests (with a given point of application of loading).

¢) Method C

This simplified method of calculation is derived from method B. The local stress for application of load
at the tooth tip is calculated first (with factors Yp, and Yg,) and then converted to approximate the
corresponding value, appropriate to contact at the outer point of single pair tooth contact, using the
factor Y,.

The form factor Y, for the nominal stress and the stress correction factor Yg, have been plotted on a
series of graphs for a number of basic rack profiles.

Method C is only acceptable for gears when ¢, < 2; it is also useful when no computer program is
available. The method is sufficiently accurate for most cases and generally gives slightly higher values
of stress than method B.

1 Stresses such as those caused by the shrink-fitting of gear rims, which are superimposed on stresses due to tooth loading, should
be taken into consideration in the calculation of the tooth root stress op or the permissible tooth root stress opp. D t
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4.1.2 Tooth-root stress, op: Methods B and C

The total tangential load in the case of gear trains with multiple transmission paths (planetary gear trains,
split-path gear trains) is not quite evenly distributed over the individual meshes (depending on design,
tangential speed and manufacturing accuracy). This is to be taken into consideration by inserting a
distribution factor Ky to follow K in equation (1) to adjust as necessary the average load per mesh.

op = opo Ko Ky, Kpg Ko = opp . (1)

where

OFO is the nominal tooth-root stress, which is the maximum local tensile stress produced at the
tooth-root when an error-free gear pair is loaded by the static nominal torque.

OFpP is the permissible bending stress (see 4.2).

Ky is the application factor (see ISO 6336-1). It takes into account load increments due to
externally influenced variations of input or output torque.

K, is the dynamic factor (see ISO 6336-1). It takes into account load increments due to internal
dynamic effects.

Kpg is the face load factor for tooth-root stress (see ISO 6336-1). It takes into account uneven
distribution of load over the facewidth due to mesh-misalignment caused by inaccuracies in
manufacture, elastic deformations, etc.

Kpq 1s the transverse load factor for tooth-root stress (see ISO 6336-1). It takes into account
uneven load distribution in the transverse direction, resulting for example, from pitch
deviations.

NOTE 3 See ISO 6336-1, subclause 4.1.8 for the sequence in which factors Ky, Ky, Kpg and K, are calculated.
4.1.3 Nominal tooth-root stress, opg.g: Method B

Ft
dFo_B = -m YF Ys Yﬂ (2)
n

where

F, 1s the nominal tangential load, the transverse load tangential to the reference cylinder?
(see ISO 6336-1).

b is the facewidth (for double helical gears b = 2 bg). The value b, of mating gears, is the

facewidth at the root circle, i%noring any intentional transverse chamfers or tooth-end
rounding. If the facewidths of the pinion and wheel are not equal, it may be assumed that
the load bearing width of the wider facewidth is equal to the smaller facewidth plus such
extension of the wider that does not exceed one times the module at each end of the teeth.

my is the normal module

Yp is the form factor (see clause 5). It takes into account the influence on nominal tooth-root
stress, of the tooth form with load applied at the outer point of single pair tooth contact.

Yg is the stress correction factor (see clause 6). It takes into account the conversion of the
nominal bending stress, determined for application of load at the outer 1]gl)om_t of single pair
tooth contact, to the local tooth-root stress. Thus by means of Yg, the following are taken

into account:
a) the stress amplifying effect of change of section at the tooth-root; and

b) that evaluation of the true stress system, at the tooth-root critical section, is more
complex than the simple system evaluation presented.

Ys is the helix factor (see clause 8). It compensates for the fact that the bending moment
intensity at the tooth-root of helical gears is, as a consequence of the oblique lines of
coiltalct,'less than the corresponding values for the virtual spur gears used as bases for
calculation.

a Subject to the condition that the gear rim under the tooth-root is sufficiently thick, i.e. that the rim thickness

SR = 3.5 my, (see scope). In all cases, even when € ,, > 2, it is necessary to substitute the relevant total tangential load as F;. Reasons
for the choice of load application at the reference cylinder are given in subclause 5.5.

See ISO 6336-1, subclause 4.2 for definition of F; and comments on particular characteristics of double helical gearing.
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4.1.4 Nominal tooth-root stress, opg.c: Method C

Ft
bm,

Fi
%F0-c = 5o YraVsa¥eYp =
n

Vs Ye Vg - (3)

where

Yra is the form factor (see clause 5). It takes into account the influence on nominal tooth-root
stress of the tooth form, with load applied at the tooth tip;

Yqq is the stress correction factor (see clause 6). It takes into account the conversion of the
nominal bending stress determined for application of load at the tooth tip, to the local
tooth-root stress. Thus, by means of Yg,, the following are taken into account:

a) the stress amplifying effect of change of section at the tooth-root; and

b) that evaluation of the true stress system, at the tooth-root critical section, is more
complex than the simple system evaluation presented, but the influence of the bending
moment arm is neglected.

is the contact ratio factor (see clause 7). It takes into account the transformation of the
local stress determined for application of load at the tooth tip, to approximate the value
relevant to application of load at the outer point of single pair tooth contact. By means of
this factor, account is taken of the influence on the stress correction factor of the load
distribution over several points of contacts and that of the tooth bending moment.

Yrs is the tip factor, equal to (Y, Yg,) (see clause 5). This factor accounts for all influences

covered by Y, and Yg,. Charts from which Ypg may be read can be constructed for
involute gears conjugate to any suitable basic rack.

Other relevant terms and symbols are discussed in 4.1.3.
4.2 Permissible bending stress, opp

The limit value of tooth-root stresses (see clause 9) should preferably be derived from material tests using
gears as test pieces, since in this way the effects of test piece geometry, as for example the effect of the fillet
at the tooth-roots, are included in the results. The calculation methods provided constitute empirical means
for comparing stresses in gears of different dimensions, with experimental results. The closer test gears
and test conditions resemble the service gears and service conditions, the lesser will be the influence of
inaccuracies in the formulation of the calculation expressions.

4.2.1 Methods for the determination of the permissible bending stress, opp: Principles,
assumptions and application

Several procedures for the determination of permissible bending stresses are acceptable. The method
adopted shall be validated by carrying out careful comparative studies of well-documented service histories
of a number of gears.

a) Method A

By this method, the values for opp “permissible bending stress” or for opg “tooth-root stress limit”, are
obtained using equations (1) and (2) from the S-N curve or damage curve derived from results of testing
facsimiles of the actual gear pair, under the appropriate service conditions.

The cost required for this method is in general, only justifiable for the development of new products,
failure of which would have serious consequences (e.g. for manned space flights).

Similarly, in line with this method, the allowable stress values may be derived from consideration of
dimensions, service conditions and performance of carefully monitored reference gears.

b) Method B

Damage curves characterized by the nominal stress number (bending), o j;,,, and the factor Yyt have
been determined for a number of common gear materials and heat treatments from results of gear load
or pulsator testing of standard reference test gears. Material values so determined are converted to suit
the dimensions of the gears of interest, using the relative influence factors for notch sensitivity, Y 5 o1 1
for surface roughness, Yy .o m and for size, Yx.
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Method B is recommended for the calculation of reasonably accurate gear ratings whenever bending
strength values are available from gear tests, from special tests or, if the material is similar,
from ISO 6336-5.

¢) Methods C and D

In these methods, which are derived from method B, the influence factors Y 5,11, YR re1 T @and Yy are
determined using simplified procedures. These methods are more easily and quickly applied than are
those of method B. The results obtained tend to err on the side of safety. The experimental procedure
for determination of strength values is as described for method B.

d) Methods By, Cy, and Dy

The permissible bending stress is to be derived from the bending stress number, (o 1;,,, and life factor
YNk results, usually presented as S-N or damage curves, of the pulsator fatigue testing of notched, flat
test pieces. As in the case for method B, the test data shall be transformed to suit the gears of interest,
using the influence factors appropriate to both the method and the test piece: Yy .o i for notch
sensitivity, YR o] k for surface roughness and the size factor Yy, in accordance with method B.

The influence factors appropriate to methods Cy and Dy are determined by simpler equations than
those of method B;,.

These methods can be applied when values obtained from test gears are not available. These methods
are particularly suitable for evaluating, relative to one another, the tooth-root strength values for
different materials.

e) Methods B,,, C;, and D,
The permissible bending stresses are to be derived from the bending stress number, oy, ;,, and life
factor Yyp results, usually presented as S-N or damage curves, of the pulsator fatigue testing of plain,

polished test pieces. As in the case for method B, the test data are to be transformed to suit the gears of
interest, using the (absolute) influence factors appropriate to the method and the test piece: Y; for

notch sensitivity, Yy for surface roughness, and the size factor Yy in accordance with method B.

These methods can be applied when values obtained from either gears or notched test pieces are not
available. These methods are particularly suitable for evaluating, relative to one another, the
tooth-root strength values for different materials.

4.2.2 Permissible bending stress, opp: Methods B, C and D

Subject to the reservations given in 4.2.2 a) and b), equation (4) is to be used for this purpose.

9F im YsT YNT

oFp = Ysroi T YRrer 7 Yx =
SF min
ore YnT 9FG
= S Ysrer T YRret T Yx = .. (4)
F min F min
where
OF lim is the nominal stress number (bending) from reference test gears (see ISO 6336-5). It is the

bending stress limit value relevant to the influences of the material, the heat treatment,
and the surface roughness of the test gear root fillets.

OFE is the allowable stress number for bending. The basic bending strength of the unnotched
test piece, under the assumption that the material condition (including heat treatment) is
fully elastic. OFE — (UF lim YST)‘

Yqr i(s th% s5t)ress correction factor, relevant to the dimensions of the reference test gears
see 6.5).
YNT is the life factor for tooth-root stress, relevant to the dimensions of the reference test gear

(see clause 10). It takes into account the higher load bearing capacity for a limited number
of load cycles.

OFG is the tooth-root stress limit opg = (0pp SF min)-

SF min is the minimum required safety factor for tooth-root stress (see clause 3 and 4.3).
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Y5 el T is the relative notch sensitivity factor. It is the quotient of the notch sensitivity factor of
the gear of interest divided by the standard test gear factor (see clause 11). Enables the
influence of the notch sensitivity of the material to be taken into account.

YR el T is the relative surface factor. It is the quotient of the surface roughness factor of tooth-root
fillets of the gear of interest divided by the tooth-root fillet factor of the reference test gear
(see clause 12); it enables the relevant surface roughness of tooth-root fillet influences to be
taken into account.

Yx 1s the size factor relevant to tooth-root strength (see clause 13); it is used to take into
account the influence of tooth dimensions on tooth bending strength.

a) Permissible bending stress (reference)

The permissible bending stress (reference), opp of, 18 derived from equation (4), with Yyp = 1 and the
influence factors op 15, YST Ysrel T> YR rel > Yx a0d Sg ;o calculated in accordance with the specified
method B, C or D.

b) Permissible bending stress (static)

The permissible bending stress (static), opp gtat, 18 determined in accordance with equation (4) with the
factors o 1im> YNT> YST> Ysrel T YR rel T> Yx and Sg p;n calculated in accordance with the specified
method B, C or D (for static stress).

4.2.3 Permissible bending stress, opp, for limited and long life: Methods B, C and D.

opp for a given number of load cycles Ny, is determined by means of graphical or calculated interpolation
along the S-N curve, between the value obtained for reference stress in accordance with 4.2.2 a) and the
value obtained for static stress in accordance with 4.2.2 b). Also see clause 10.

4.2.3.1 Graphical values

Calculate opp ot for the reference stress and opp 4,1 for the static stress in accordance with 4.2.2 and plot
the S-N curve corresponding to the life factor, Y1. See Figure 1 for the principle. opp for the relevant
number of load cycles N, can be read from this graph.

o)
O
- static limited life long life
a
[
o]
w
[6)
(V)
s
(@)
(e
- e - - _ _ _ . _
[
[}
o)
o Example: !
— Permissible bending stress,
2 |ogp , for 10° load cycles |
(6p]
g T
€ ‘ -
& NI R ATAT E A TN 1T S RN R SR E AT RN
2 3 4
10 10 10 10° 10° 107 108
Number of load cycles, N (log)
Figure 1 — Graphical determination of the permissible bending stress for a
limited life, In accordance with method B -
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4.2.3.2 Determination by calculation

Calculate opp 1t for the reference stress and opp 44t for the static stress in accordance with 4.2.2 and, using
these results, determine opp for the relevant number of load cycles Ny, in the limited life range, as follows:

3x 105J8XP .. ()
NL

OFP = 9Fpret YN = 9FPref

a) For structural and through hardened steel, perlitic or bainitic nodular cast iron, perlitic malleable cast
iron (limited life range as shown in Figure 36: 10* < Ny, =3x 109):

exp = 0,4037 log_ P stat

.. (6)

9 FPref

b) For case hardened or surface hardened steel; through hardened steel or nitriding steel, gas nitrided;
through hardened steel and case hardening steel, nitrocarburized; ferritic nodular cast iron, or grey cast
iron (limited life range as shown in Figure 36: 10° < Ny, =3x 10):

9 FPstat

exp = 0,2876 log . (7

9 FPref

Corresponding calculations may be determined for the range of long life.
4.2.4 Permissible bending stress, opp: Methods By, Cp, and Dy,
4.2.4.1 opp for static stress and reference stress

Following these methods the permissible bending stress is calculated on the basis of the strength of a
notched test piece from the following equation:

9k tim Ysk Yk 9FG
opp = ——a——— Ysroik YRrelk Yx = )
SF min

SF min

where

0% lim is the nominal notched-bar stress number (bending). It is the bending stress limit value of
the notched-bar test piece relevant to its material, heat treatment and surface condition in
relation to its dimensions. Differences due to conditions of manufacture, between the
properties of the heat treated materials, application of stresses and sections of test piece
and gear of interest, should be taken into consideration.

Yk is the stress correction factor, relevant to the notched test piece.
YNk is the life factor for tooth-root stress, relevant to the notched test piece. It is used in order
to take into account the higher load bearing capacity for a limited number of load cycles.

Y5 rel & is the relative notch sensitivity factor. It is the quotient of the notch sensitivity factor of
the gear of interest divided by the notched test piece factor (see clause 11). It enables the
influence of the notch sensitivity of the material to be taken into account.

YR rel k is the relative roughness factor. It is the quotient of the tooth-root fillet roughness factor of
the gear of interest divided by the notched test piece factor (see clause 12). It enables
relevant surface roughness of tooth-root fillet influences to be taken into account.

Other relevant terms and symbols are defined in 4.2.2.

The values of the factors related to the notched test piece (o jim, Ysk and Yy) shall be determined by tests
or to be taken from literature (see 9.2). Evaluations of oy };,,,, and all corresponding influence factors, shall
be based on values of static stress and reference stress appropriate to the notched test piece.

The influence factors shall be determined in accordance with 4.2.2. and 4.2.3, using the more detailed
method By or one of the more simplified methods, Cy or Dy..

4.2.4.2 opp for limited life

The value of opp shall be determined in accordance with the procedure described in 4.2.3.
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4.2.5 Permissible bending stress, opp: Methods B,,, C, and D,
4.2.5.1 opp for static stress and reference stress

For these methods the permissible bending stress is calculated on the basis of the strength of a plain,
polished test piece from the following equation:

9p lim YN, °FG
F min F min
where

Op lim 1s the nominal plain-bar stress number (bending). It is the bending stress limit value of the
plain bar test piece relevant to its material and heat treatment in relation to its dimensions.
Differences between the properties of the heat treated materials of the test piece and gear of
interest, due to conditions of manufacture, should be taken into consideration, as discussed
in the case of oy |;, in 4.2.4.

Ynp is the life factor for tooth-root stress, relevant to the plain, polished test piece. It is used in

order to take into account the higher load bearing capacity for a limited number of cycles.

Ys 1s the notch sensitivity factor of the gear of interest, as related to a plain, polished test piece
(see clause 11). It enables the influence of the notch sensitivity of the material to be taken
into account.

Yr 1s the surface factor of the gear of interest, as related to the plain, polished test piece. It

enables relevant surface roughness influences to be taken into account.

Other relevant terms and symbols are defined in 4.2.2.

Evaluations of oy, i, and Yyp, for plain test pieces, shall be based on tests or obtained from the literature
(see 9.2). Evaluations of o}, 1;, and all corresponding influence factors shall be based on values of static
stress and reference stress.

The influence factors shall be determined in accordance with 4.2.2 and 4.2.3, using the more detailed
method B, or one of the more simplified methods, C,, or D,,.

4.2.5.2 opp for limited life
The value of opp shall be determined in accordance with the procedure described in 4.2.3 and 4.2.4.
4.3 Safety factor for bending strength (safety against tooth breakage), Sg

Calculate Sy separately for pinion and wheel:

9FG

SF = z SF min ... (10)
oF

a) Method B

The values of opg for reference stress and static stress are calculated in accordance with 4.2.2 a) and b),
using equation (4). For limited life, op is determined in accordance with 4.2.3. op is derived from
equations (1) and (2).

b) Methods C and D

The values of opg for reference stress and static stress are calculated in accordance with 4.2.2 a) and b),
using equation (4). For limited life opg is to be determined in accordance with 4.2.3. oy is derived from
equations (1) and (3).

c) Methods By, Cy. and Dy

These procedures follow the methods described in 4.3 a) or b), with opg calculated in accordance

with 4.2.4.
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d) Methods B,, C;, and D,

These procedures follow the methods described in 4.3 a) or b), with opg calculated in accordance
with 4.2.5.

The values of tooth-root stress limit op, of permissible stress opp and tooth-root stress op, may each be
determined by different methods. The method used for each value shall be stated in the calculation report.

NOTE 4 Safety factors in accordance with 4.3 are relevant to transmissible torque. See ISO 6336-1, subclause 4.1.3 for comments
on numerical values for the minimum safety factor and risk of damage.

5 Form factors, Yy and Yy,; Tip factor, Yrg
5.1 General

Yr and Yy, are the factors by means of which the influence of tooth form on nominal bending stress is taken
into account. See 4.1.1 for principles, assumptions and details of use. Yy is relevant to application of load
at the outer point of single pair tooth contact (method B), and Yg, to application of load at the tooth tip
(method C).

The chord between the points at which the 30° tangents contact the root fillets defines the section to be
used as the basis for calculation (see Figure 3 to Figure 6).

Determination of the values of Yy, Yg, Ypg,Yg, and Yg, is based on the nominal tooth form with the rack
shift coefficient x. Values can also be obtained from Figure 9 to Figure 32. In general, the effect of reduction
of tooth thickness on the tooth bending strength of finished-cut cylindrical gears may be ignored. Since the
tooth-roots of ground or shaved gear teeth are usually generated by cutting tools such as hobs, their shapes
and dimensions are usually determined by the cutting depth settings.

Because of material allowances for finishing processes such as profile grinding, it is usually the case that
the depth setting of the roughing tool, relative to the gear axis, includes the amount of nominal rack
shift x m, plus a tolerance designed to ensure that the finishing allowance will be greater instead of less
than the requisite minimum. Because of this, calculated values of tooth-root stresses usually err on the side
of safety.

If the tooth thickness deviation near the root results in a thickness reduction of more than 0,05 m,, this
shall be taken into account in the stress calculation, by taking the generated profile relative to the rack
shift amount m,, xg instead of the nominal profile.

with undercut without undercut
Figure 2 — Dimensions and basic rack profile of the teeth (finished profile)

The equations in this part of ISO 6336 apply to all basic rack profiles (see Figure 2) with and without
undercut, but with the following restrictions:

a) the contact point of the 30° tangent shall lie on the tooth-root fillet generated by the root fillet of the
basic rack;
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b) the basic rack profile of the gearing shall have a root fillet of with a radius pgp > 0;
c¢) the teeth shall be generated using tools such as hobs or rack type cutters;

d) since calculated ratings refer to finished tooth forms, profile grinding and similar allowances,
including tooth thickness allowances, can be neglected. In practice it can be assumed that the
dimensions of the basic rack of the tool are the same as those of the counterpart basic rack of the gear.

The above comments apply to straight spur and helical gears. Values Yy, Yg,, and Ypg are determined for
the virtual spur gears of helical gears; the virtual number of teeth z,, can be determined using equation (19)
or (20), or an approximate value of z,, can be read from Figure 8. Yy, Y, and Ypg are determined separately
for the wheel and pinion.

5.2 Calculation of the form factor, Yp: Method B

The determination of the normal chordal dimension Sy, of the tooth-root critical section and the bending
moment arm hp, relevant to load application at the outer point of single pair external gear tooth contact
for method B is shown in Figure 3. The following equation uses the symbols which are illustrated

in Figure 3:

6 h
Fe
COS ag,,

n

2
S
Fn
[___] COS a,

my,

In order to evaluate precise values of hp,, Sy, and ap,,y it is first necessary to derive a value of 6 which is
reasonably accurate, usually after two or three iterations of equation (15). Determination of Yy by graphical
means is not recommended.

Fon  _ Fot
b /cos By b

i Afen

i
i
i ¢
1 <
'
)
. base circle 30:t 3054
7
l /

90°

Ye

SEn

Figure 3 — Determination of the normal chordal dimensions of the tooth
root critical section for Method B.
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5.2.1 External gearing2)

First determine the auxiliary values for equation (11):

S . Prp |
E=2m, -hptana, + — P~ - (1 - sin .. (12
g n " PN T oS, ( “n) cosa,, (12)
With
Spr = Pr — q (see Figure 2).
Spr =0 when gears are not undercut.
h
G=r"P_ TP, .. (13)
mn mn
H=2|*_E |_= . (14)
z, |2 m, 3
i
6 =28 tang - H .. (15)
Zn

The value 6 = /6 may be used as a seed value in the iteration of the transcendental equation (15). Generally
the function converges after two iterations.
a) Tooth-root normal chord S,:

S _z sin|% -6 . /3|_C_ _°fr
m, " 3 cose m,

. (16)

b) Radius of root fillet pp(Figure 3):
PF_ P 2G?
F.2P .17

_— =+

M, M,  cosé (z, cos’s - 2 G)

¢) Bending moment arm hAp,:

By = arccos ¢1 - (sing cose,)? = arcsin (sing cosa,) - (18)
b4 i
z =%
... (19
" cos?s, cosp (19)
Approximation:
z 1
Z =
n cossp ... (20)
ea
€an = .. (21)
cos?p,
d
a, = =m, z, ... (22)
cos?s,
. (23)

Dpn = T M, COSQLy, .
. (24)

dp, = d,, cosa,

2 1If the tip of the tooth has been rounded or chamfered, it is necessary to replace the tip diameter d, in the calculation by dyy, the
“effective tip diameter”, dy, is the diameter of a circle near the tip cylinder, containing limits of the usable gear flanks.
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dyp,=d,+d,—d ... (25)
2
2 2 2
g - 2 dan Opp x d COSg COSa,, ( " dp,, . (26)
=2 — -|—=| - €. - |
en 1Z] 2 2 1Z] en 2
The number z is positive for external gears and negative for internal gears.
d
a,, = arccos ﬂ'] . (27)
den
05x +2tana, x .
Yo = > + inva, - inve,, ... (28)
n
0,5 + 2 tana, x
@ren = %en ~ Yo = tanae,, - il’lVan - n ... (29)
Zn
hee 1 en T G P (30)
— = _ [(cosy, - siny, tan — -2z,C08{ - -06]- +
m, 2 (cosy Yo 1aNaon) m, " 3 cosé m,

5.2.2 Internal gearing3)

It is assumed that the value of the form factor of a special rack can be substituted as an approximate value
of the form factor of an internal gear. The profile of such a rack should be a version of the basic rack profile,
so modified that it would generate the normal profile, including tip and root circles, of an exact counterpart
gear of the internal gear. The load direction angle is «,, (see Figure 4). Equations are provided below for the
determination of values to be substituted in equation (11).

a) Tooth-root normal chord Sg,9:

s hipsr - p -s
Fn2 o |x , _tP2 ~ Pip2 tana,, + Pte2 ~ Spr _ Prp2 o7 ... (31)
mp 4 m, m, COSa, m, 6
b) Bending moment arm Apgo:
h d,,-d h d,,-d
Fe2 _ “en2 fn2 | 7 | "tP2 _ Zen2 ~ Y2 tana,, |tana,, - PtP2| 4 _ gin® ... (32)
m, 2m, 4 m, 2m, m, 6
where
dens 1s derived from equation (25) with parameters having 2 added to the subscripts
dno derivation is analogous to that of d,, (equation (25); dg,9 — dpg = dpyo — do).
and:
dn2 - dfn2i

3 If the tip of the tooth has been rounded or chamfered, it is necessary to replace the tip diameter d, in the calculation by dy;, the
“effective tip diameter”, dyy, is the diameter of a circle near the tip cylinder, containing limits of the usable gear flanks.
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¢) Root fillet radius, ppy
When the root fillet radius of an internal gear tooth, pgo, is known, it shall be used for pgpy. When it is
not known, the following approximation may be used:

Pr2 = Pp2= 0,15 m, ... (34)
This is to be validated.

ooy = P . Bz = Anez _ Onpz - 92 (35)
P2 " 1T sine, 1 -sina 2(1 - sina,)
where
dnf represents the diameter of a circle near the tooth-roots, containing the limits of the usable

flanks of an internal gear or the larger external gear of a mating pair. For internal gearing,
diameters have a negative sign.

Cp

hFe2
hy
]
| hepoy
F——-

Figure 4 — Parameters for the determination of form factor, Y, for internal
gearing (method B)

5.3 Form factor, Yg,: Method C

The determination of the normal chordal dimension, Sy, of the tooth-root critical section and the bending
moment arm, hp,, relevant to load application at the external gear tooth tip for method C is shown
in Figure 5.

Yp, shall be used together with Y, and is only valid for gearing having ¢, < 2.
Equation (36) uses the symbols as illustrated in Figure 5:

h
Fa
6 — cosag,,
n

Ye, = - ... (36)
[i’]z cosa,
mn

The parameters required for the calculation of Yy, can be determined using the iterative method explained
in 5.2.
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an - Fbt
c b/cos B b
& !
x !
]
7 i\ OFgn
i
E
P
£
% base circle 301 3054 ¢
90° >
Ya
S Fn
Figure 5 — Determination of the normal chordal dimensions of the tooth
root critical section for Method C

5.3.1 External gearing
5.3.1.1 Graphical values

The factor Yp, can be read from Figure 9 to Figure 16 for a series of common basic rack profiles as a
function of the virtual number of teeth z, and the rack shift coefficient x. The graphs have been calculated
using equations provided in 5.3.1.2. Figure 9 to Figure 16 are relevant to gear wheels without addendum
reduction and without tip chamfer. The bending moment arm values Ay, for gears having truncated
addenda or chamfered tips are slightly smaller than those used for the curves. Because of this, the curve

values tend to err on the side of safety.

Use Figure 8 for graphical values of z,,.

5.3.1.2 Determination by calculation

Determine the following values to be substituted in equation (36):

a) Tooth-root normal chord, Sg,: obtain from equation (16) with values from equations (12) to (15).

b) Root fillet radius, pp: obtain from equation (17) with values from equations (12) to (15).

c) Bending moment arm, Ap,:

dy, COSa,, - (87)

a,, = arccos |—| = arccos |——
an (da -d)
1+ <

mn Zn

057 +2tane, x .
Ya = +inva, - iNve,,
Z,

0,5 + 2tane, x

afan = @an ~ Ya = tanaan - invVa, - 7

n
fra _ 1 (cosy, - siny, tanag,,) Oan _ z, cos |l -@]- G .o
._n = —2- Ya Ya Fa m. n 3 coso m,
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7 aan

h cos
12 -052, _i-cos[l—e] +0,5[ff— G ]
m 3

n COSary, m, cosf
where
Zn is the virtual number of teeth; see equations (19) and (20);
G see equation (13);
0 see equation (15);

dan see equation (25);
dpn see equation (24);
d, see equation (22).

5.3.2 Internal gearing

SFn2
OEL
l PfP2
! / 1
1 10" 30°
I Sl o
: | E <
|
L1 4 !
! |
%%
9 &
Fon _ Fot T a
b/cosBp b
Q.
o]
3
N
Figure 6 — Parameters for the determination of form factor, Yy, for
internal gearing (Method C)

It is assumed that the value of the form factor of a special rack can be substituted as an approximate value
of the form factor of an internal gear. The profile of such a rack should be a version of the basic rack profile,
so modified that it would generate the normal profile, including tip and root circles, of an exact counterpart
gear of the internal gear. The tip load angle is «,,, see Figure 6.

5.3.2.1 Graphical values

The factor Yg, can be read from Figure 9 to Figure 16 in which charts for a number of common basic rack
profiles as a function of the virtual number of teeth z,, and the profile shift coefficient x are provided.
Corresponding to equation (34), the value of Yy, for internal gears is given in each figure as an
approximation. Equation (34) shall be validated in this case.

The numerical values were calculated using the equations in 5.3.2.2 for (unmodified) teeth with the height
of the basic rack profile (see 5.3.1.1).

5.3.2.2 Determination by calculation
Determinate the following values to be substituted in equation (36).
a) Tooth-root normal chord, Sg,9: this is obtained from equation (31).
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