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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
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hational Standards are drafted in accordance with the rules given in the ISO/IEC Directives) H
ted by the technical committees are circulated to the member bodies for (voting. Publig
hational Standard requires approval by at least 75 % of the member bodies casting a vote.

tion is drawn to the possibility that some of the elements of this document may be the subj
5. ISO shall not be held responsible for identifying any or all such patentrights.

b336-3 was prepared by Technical Committee ISO/TC 60, Gears, Subcommittee SC 2, G

second edition cancels and replaces the first edition (1IS©.6336-3:1996), Clauses 5 and Claus
been technically revised, with a new Clause 8 havingcheen added to this new edition. It also
echnical Corrigendum I1SO 6336-3:1996/Cor.1:1999.

5336 consists of the following parts, under the.general title Calculation of load capacity of spd
5

Part 1. Basic principles, introduction ang-general influence factors
Part 2: Calculation of surface durapility (pitting)

Part 3: Calculation of tooth bending strength

Part 5: Strength and-quality of materials

Part 6: Calculation™of service life under variable load
corrected-version incorporates the following corrections:

Figure 3 has been updated,;

art 2.

main task of technical committees is to prepare International Standards. Draft_International Standards

ation as an

ect of patent

ear capacity

e 9 of which
incorporates

r and helical
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minus signs missing from Equations (18) and (19) have been inserted;

Equation (50) has been corrected.
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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 un|d|rect|onal and the teeth are of

conventiona
likely to ste

The endural
gears”, is le
more than

consideratio

When gear

from cracks |n|t|ated in tension flllets

most

le tooth loading of teeth subjected to a reversal of loading during each revolution, such as fidler
5s than the endurable unidirectional loading. The full range of stress in such circumstances is
wice the tensile stress occurring in the root fillets of the loaded flanks. AHis is taken| into
h when determing permissible stresses (see ISO 6336-5).

rims are thin and tooth spaces adjacent to the root surface narrew-{conditions which| can

particularly apply to some internal gears), initial cracks commonly occur in the compression fillet. Sinde, in

such circum
Clause 1.

Several met
been approv

ed. See ISO 6336-1.

stances, gear rims themselves can suffer fatigue breakage, special'studies are necessary.| See

hods for calculating the critical tooth root stress and evaluating some of the relevant factors have

Vi
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Iculation of load capacity of spur and helical gears —

Part 3:
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Iculation of tooth bending strength

IMPORTANT — The user of this part of ISO 6336 is cautioned that when the method speci
for large helix angles and large pressure angles, the calculated results should-be ca
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rience as by Method A.

Scope

part of 1SO 6336 specifies the fundamental formulae for use in tooth( bending stress cal
ute external or internal spur and helical gears with a rim thickness sg > 0,5 /, for externg
1,75 m,, for internal gears. In service, internal gears can experience failure modes othe
ing fatigue, i.e. fractures starting at the root diameter and progressing radially outward.
5336 does not provide adequate safety against failure modes other than tooth bending fati
r as they can be evaluated quantitatively.

given formulae are valid for spur and helical gears. with tooth profiles in accordance with th
jardized in ISO 53. They may also be used for teeth conjugate to other basic racks if the vi

&, I8 less than 2,5.

oad capacity determined on the basis of. permissible bending stress is termed “tooth bendi
results are in good agreement with other.methods for the range, as indicated in the scope of |

Normative references
ences, only the edition(cited applies. For undated references, the latest edition of theg
ment (including any améndments) applies.
3:1998, Cylindrical gears for general and heavy engineering — Standard basic rack tooth pri
1122-1:1998;Vocabulary of gear terms — Part 1: Definitions related to geometry

b336-1:2006, Calculation of load capacity of spur and helical gears — Part 1: Basi
Huctioh and general influence factors

following referenced documents are indispensable for the application of this document.

fied is used
nfirmed by

culations for
| gears and
r than tooth
This part of
gue. All load
gears and in

e basic rack
rtual contact

ng strength”.
SO 6336-1.

For dated
referenced

bfile

C principles,

ISO

material

3 Terms, definitions, symbols and abbreviated terms

6336-5:2003, Calculation of load capacity of spur and helical gears — Part 5: Strength and quality of

For the purposes of this document, the terms, definitions, symbols and abbreviated terms given in ISO 1122-1
and ISO 6336-1 apply.
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4 Tooth breakage and safety factors

Tooth breakage usually ends the service live 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
beween input and output shafts is broken. As a consequence, the chosen value of the safety factor Sg 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 1ISO 6336-1:2006, 4.1.7. It is
recommended that manufacturer and customer agree on the value of the minimum safety factor.

This part of ISO 6336 does not apply at stress levels above those permissible for 103 cycles, since stresses in
this range mlay exceed the elastic Timit of the gear tooth.

5 Basiclformulae

The actual footh root stress o and the permissible (tooth root) bending stress orp shall be calculated
separately for pinion and wheel; o shall be less than op.

5.1 Safety factor for bending strength (safety against tooth breakage); Sg

Calculate Sg{separately for pinion and wheel:

O
Se1 =1 > Semin (1)
P F1
4
Se2 =122 > Semin (2)
OF2

og¢ and op,|are derived from Equations (3) and (4). The values of o for reference stress and static sfress
are calculatgd in accordance with 5.3.2.1 and 5.3.2.2,"using Equation (5). For limited life, org is determinged in
accordance with 5.3.3.

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

NOTE Shfety factors in accordance with the present clause are relevant to transmissible torque.

See ISO 6386-1:2006, 4.1.7 for’lcomments on numerical values for the minimum safety factor and rigk of
damage.

5.2 Tooth root stress, o

Tooth root sjress ggis the maximum tensile stress at the surface in the root.

5.2.1 Method /A

In principle, the maximum tensile stress can be determined by any appropriate method (finite element analysis,
integral equations, conformal mapping procedures or experimentally by 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.

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

2 © I1SO 2006 — All rights reserved
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5.2.2 Method B

According to this part of ISO 6336, the local tooth root stress is determined as the product of nominal tooth
root stress and a stress correction factor 1).

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 < g,,, < 2,5,

into consideration by the deep tooth factor, Ypr In the case of helical gears, the factor ¥
deviations from these assumptions.

it is assumed that the determinant stress

ssumption is
accounts for

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

The [total tangential load in the case of gear trains with multiple transmission paths (planetary| gear trains,
splitqpath gear trains) is not quite evenly distributed over the individual-ineshes (depending on design,
tangential speed and manufacturing accuracy). This is to be taken into cénsideration by inserting |a mesh load
factdr, K, to follow K in Equation (3), in order to adjust as necessary,the’average load per mesh.

oF =0ro Ka Ky Krp Kpg (3)

whetle

OF0 is the nominal tooth root stress, which is the ' maximum local principal stress produced at the tooth
root when an error-free gear pair is”Joaded by the static nominal torque and |without any
pre-stress such as shrink fitting, i.e. stress ratio R = 0 [see Equation (4)];

OFp is the permissible bending stress-(see 5.3);

Kn is the application factor, (see ISO 6336-6), which takes into account load increments due to
externally influenced variations of input or output torque;

K, is the dynamic fdctor (see ISO 6336-1), which takes into account load increments dyge to internal
dynamic effects;

Kr 5 is the face)load factor for tooth root stress (see ISO 6336-1), which takes into accpunt uneven
distribution of load over the facewidth due to mesh-misalignment caused by ingccuracies in
manufacture, elastic deformations, etc.;

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

NOT See 1SU 6336-T:2006, 4.T.T4,Tor the Sequence in Which 1actors Ka, Ky, Krgand Kr, are calculated.

F
OF0 :b_YF YsYp YB YDT

mp

1)

loading, should be taken into consideration in the calculation of permissible tooth root stress opp.

© I1SO 2006 — All rights reserved
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where

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

b s the facewidth (for double helical gears b = 2 bg)3);

is the normal module;

Y is the form factor (see Clause 6), which 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 s the stress correction factor (see Clause 7), which takes into account the influence on nominal
root stress, determined for application of load at the outer point of single pair tooth contact, t

loc

i)

i)
Yﬁ is

inte
tha

Yg is the rim thickness factor (see Clause 9), which adjusts‘the calculated tooth root stress fof

rim

Ypt is the deep tooth factor (see Clause 10), which adjusts the calculated tooth root stress for

pre

| tooth root stress, and thus, by means of which, are taken into account;

the stress amplifying effect of change of section at the tooth root, and

than the simple system evaluation presented,;

he helix angle factor (see Clause 8), which compensates for the fact that the bending mo

nsity at the tooth root of helical gears is, as a consequence of\the oblique lines of contact,
h the corresponding values for the virtual spur gears used as bases for calculation;

Mmed gears;

Cision gears with a contact ratio in the range of\2 < ¢, < 2,5.

5.3 Perm

jssible bending stress, orp

ooth
b the

the fact that evaluation of the true stress system at the tooth root critical’Section is more complex

ment
less

thin

high

The limit value of tooth root stresses (see Clause 11) should preferably be derived from material tests {ising

gears as test pieces, since in this way the effects of test piece geometry, such as the effect of the fillet g
tooth roots, |are included in the results~The calculation methods provided constitute empirical mean

comparing
conditions r
in the formu

5.3.1 Meth
application

Several pro
adopted sha
a number of

resses in gears of different-dimensions with experimental results. The closer test gears ang
semble the service gears and service conditions, the lesser will be the influence of inaccur
ation of the calculationexpressions.

ods for determination of permissible bending stress, o-p — Principles, assumptions a
Cedures—for the determination of permissible bending stress opp are acceptable. The mg

[l be validated by carrying out careful comparative studies of well-documented service histori
gears.

t the
s for

test
hcies

hd

thod
es of

2) 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 6.3. See ISO 6336-1, 4.2, for definition of F; and comments
on particular characteristics of double helical gears.

3) The value b, of mating gears, is the facewidth at the root circle, ignoring any intentional transverse chamfers or
tooth-end rounding. If the facewidths of the pinion and wheel are not equal, it can 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 1 x the
module at each end of the teeth.

© I1SO 2006 — All rights reserved


https://standardsiso.com/api/?name=d7ff49997b17ac3db9882efc55157baa

5.3.1.1

ISO 6336-3:2006(E)

Method A

By this method, the values for opp or for the tooth root stress limit, o, are obtained using Equations (3) and
(4) 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.

5.3.1.2

Da

Method B

ge curves characterized by the nominal stress number (bending), of ;,, and the-fagtor Y\ have been
detefmined for a number of common gear materials and heat treatments from results-of‘gear loa

d or pulsator

testing of standard reference test gears. Material values so determined are convertedito suit the dimensions of
the gears of interest, using the relative influence factors for notch sensitivity, ¥z 1, for surface roughness,
YR 1 1> @nd for size, Yy.
Method B is recommended for the calculation of reasonably accurate gear ratings whenever bending strength
valugs are available from gear tests, from special tests or, if the materialhis similar, from ISO 633615.
5.3.4 Permissible bending stress, orp: Method B
Subject to the reservations given in 5.3.2.1 and 5.3.2.2, Equation (5) is to be used for this calculatjon:
OFlim Y'ST YNT _ OFEYNT __OFG
Opp =—————YsrelT YRrel T YX == == Ysrel T YRrel T YX = (5)
SFmin Fmin SFmin
whele

OF im 1S the nominal stress numper-(bending) from reference test gears (see ISO 6336-5),|which is the
bending stress limit value relevant to the influences of the material, the heat treatment and the
surface roughness ofithe test gear root fillets;

OFE is the allowable stress number for bending, corresponding to the basic bending stiength of the
un-notched test piece, under the assumption that the material condition (in¢luding heat
treatment).isfully elastic
O <A im YsT);

Vst is\the stress correction factor, relevant to the dimensions of the reference test gears (see 7.4);

VT is the life factor for tooth root stress, relevant to the dimensions of the reference tgst gear (see
Clause 12), which takes into account the higher load capacity for a limited number of|load cycles;

org is the tooth root stress limit;

%G = (9P SF min);
SE min is the minimum required safety factor for tooth root stress (see Clause 4 and 5.1);
Y57 s the relative notch sensitivity factor, which is the quotient of the notch sensitivity factor of the

© I1SO 2006 — All rights reserved
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YRrel T

Yy

is the relative surface factor, which 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 14) and which enables the relevant surface roughness of tooth root fillet influences to be
taken into account;

is the size factor relevant to tooth root strength (see Clause 15), which is used to take into
account the influence of tooth dimensions on tooth bending strength.

5.3.21 Permissible bending stress (reference)

The permissible bending stress (reference), ogp o, is derived from Equation (5), with Y1 =1 and influence

factors of |
5322 P

The permisg
OF lim» YNT> ]
stress).

5.3.3 Pernpissible bending stress, orp, for limited and long life: Method B

ogp for a (g
interpolation
accordance

Clause 12.

5.3.31 Graphical values

Calculate of
S-N curve ¢
cycles N ca

» A8T> Lorel T FRrel T0 £ X F min

brmissible bending stress (static)

ible bending stress (static), opp ¢4t, i determined in accordance with Equation (5); with factors
sT> Ysrel T» YRrel T2 Yx @Nd Sg min Calculated in accordance with the specified NMethod B (for tatic

iven number of load cycles, N, is determined by means of graphical or calculated ljnear
along the S-N curve on a log-log scale, between the value\obtained for reference stregs in
with 5.3.2.1 and the value obtained for static stress in{acCordance with 5.3.2.2. Also| see

p ref fOr the reference stress and opp ¢ for the-static stress in accordance with 5.3.2 and plqt the
brresponding to life factor Yy 1. See Figure 1_forthe principle. opp for the relevant number offload
h be read from this graph.

© I1SO 2006 — All rights reserved
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YA
1 2 L 3 N
a
R g A
oL T
el LT
X
Key
X rjumber of load cycles, N (log)
Y pgermissible bending stress, orp (l0g)
1 gtatic
2 limited life
3 long life

a8  Hxample: permissible bending stress, orp, for a given number of load cycles.

Figure 1 = Graphical determination of permissible bending stress for limited lifg,
in accordance with Method B

5.3.3.2 Determination by calculation

Calcplate ‘opp o for the reference stress and opp 44 for the static stress in accordance with 5.3.p and, using
these results, determine opp for the relevant number of load cycles N, in the limited life range, as|follows (see
ISO B336-1:2006 _Table 2 _for an explanation of the abbreviations ||Qnd)

6 \&xP
3x10
OFP = OFPref IN = OFPref | — (6)
L
a) For St, V, GGG (perl., bai.) or GTS (perl.), limited life range as shown in Figure 9, 104 < N <3x 106:
(e}
exp = 0,403 7 log — s (7)

OFP ref

© I1SO 2006 — All rights reserved 7
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b)

103 < N_ < 3 x 106

OFP stat

exp =0,287 6 log————

OFP ref

Corresponding calculations may be determined for the range of long life.

6 Form factor, Yg

For IF, Eh, NT (nitr.), NV (nitr.), NV (nitrocar.), GGG (ferr.) or GG, limited life range as shown in Figure 9,

(8)

6.1

Y is the fad

5.2.1 for prifciples, assumptions and details of use. Y is relevant to application of load at thelguter po

single pair tq

The chord b
the 60° tang
calculation (

Determinatiq
general, the
gears may b
tools such a

Because of

depth setting of the roughing tool, relative to the gear axis, includes the amount of nominal profile shift,

plus a toler
requisite min

If the tooth t
taken into aq
instead of th

Geneyal

tor by which the influence of tooth form on nominal tooth root stress is taken into account,
oth contact (Method B).

btween the points at which the 30° tangents contact the root fillets for extefnal gears, or at v
ents contact the root fillets for internal gears, defines the section to_be)used as the bas
see Figures 3 to 4).

n of the values Yg and Yg is based on the nominal tooth form with the profile shift coefficient

e ignored. Since the tooth roots of ground or shaved gear teeth are usually generated by ct
5 hobs, their shapes and dimensions are usually determjned-by the cutting depth settings.

material allowances for finishing processes such asprofile grinding, it is usually the case tha
hnce designed to ensure that the finishing alléewance will be greater instead of less thar
imum. Because of this, calculated values of t0oth root stresses usually err on the side of safe
count in the stress calculation, by taking the generated profile, xg, relative to rack shift amou

e nominal profile.

ns in this part of ISO 6336 apply to all basic rack profiles (see Figure 2) with and without unde
ollowing restrictions:

act point of the 30? (60°) tangent shall lie on the tooth root fillet generated by the root fillet g
ck;

C rack profile of the gear shall have a root fillet with g > 0;

n shall bergenerated using tools such as hobs or rack type cutters;

ICulated ratings refer to finished tooth forms, profile grinding and similar allowances, incly
tooth th%mmmmm TceT i i

See
nt of

hich
s for

x. In

effect of reduction of tooth thickness on the tooth bending{sirength of finished-cut cylindrical

tting

t the

xmp,
the

ty.

hickness deviation near the root resultsiin.a thickness reduction of more than 0,05 m,,, this shall be

Nt m,

rcut,

f the

ding

the basic rack of the tool are the same as those of the counterpart basic rack of the gear;

radius prp [see Equation (11)].

The equatio
but with the
a) the con
basic ra
b) the bas
c) the teet
d) since c
e)
8

ns of

for internal gears, a virtual basic rack profile is used which differs from the basic rack profile in the root
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a) with undercut

QR

QR

b) without undercut

Figure 2 — Dimensions and basic rack profile of the teeth (finished profile)

The pbove comments apply to straight spur and helical gearsxThe value Y is determined for the virtual spur

gearp of helical gears; the virtual number of teeth z, can be’determined using Equation (21) g

detefmined separately for the pinion and the wheel.

NOTE For a description of symbols and abbreviations,see ISO 6336-1:2006, Table 1.

6.2 | Calculation of the form factor, Y: Method B

The [determination of the normal chordal(dimension sg,, of the tooth root critical section and
monjent arm /g, relevant to load application at the outer point of single pair gear tooth contact for,

shown in Figures 3 and 4.

Fon/(bIcos B ) = Fy /b

(eES o)

i

<t

a8  Base circle.

=

=
Q<

\

—p

1
30
Yo
n -

<

SF

A

r(22). Yg is

the bending
Method B is

Figure 3 — Determination of normal chordal dimensions of tooth root critical section for Method B
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Q&

Fonl(B1C0S B p) = Folb

a8  Base circle.

Figure 4 +— Determination of normal chordal dimensions of\tooth root critical section for Method B
(internal gears)

The following equation uses the symbols illustratediin.Figures 3 and 4:

Fe cosapqp
i 9)

2
R
I | cosay,
fin
In order to gvaluate precise-values, sg, and of,,, of hg, it is first necessary to derive a value of ¢ whigch is

reasonably accurate, usually-after five iterations of Equation (14). Determination of Yg by graphical means is
not recommended.

6}
H

Ye =

6.2.1 Tooth root normal chord, sg,,, radius of root fillet, p-, bending moment arm, /g, %)

First, deternin€the auxiliary values for Equation (9):

J Spr - Pip
E=—m,— hp tana, + —(1-sina, )| —— 10
4n TP " cosa, ( n ) cosap, (19)

4) If the tip of the tooth has been rounded or chamfered, it is necessary to replace the tip diameter d, in the calculation
by dna 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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with
Spr=Pr—4 (see Figure 2);
spr = 0 when gears are not undercut;
Py = pyp for external gears, or
)1,95

(x0 + hip ! mn— pip ! mn
3,156 -1,036%0

Ppy ® Pip + My for internal gears (11)

Where
xg is the pinion-cutter shift coefficient;

zg is the number of teeth of the pinion cutter;

G_Pry _he (12)
My My

H:i[ﬁ_ij_T (13)
zn \ 2 my

with
7= 7/3 for external gears;
7= 7/6 for internal gears;

0:2—Gtan9—H (14)

Zn

The palue 6= /6 for external gears and 6= n/3 for internal gears may be used as a seed value in the iteration
of the transcendental Equation (;14). Generally, the function converges after five iterations.

a) [footh root normal chesd sg,

— For external gears:

ﬁ:znsin[£—€]+\/§ S _ ey (15)
mp 3 cosd  my
—Forintermatgears:
ﬂ:znsin[£—€]+ _G __pey (16)
mp 6 cosd  my

b) Radius of root fillet pr (see Figures 3 and 4)

PE_ PPy, 267 (17)
My My cos&(|zn|coszt9—2G)
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c) Bending moment arm /g,

— For external gears:

hFe 1 ; den T G PiPv
— =—|(CO0Ss —sin tana — —z,C08|——0 |- -
mn 2 {( Ve Ve Fen) mn n (3 j [COS@ mn

— Forinternal gears:

hE 1 f (TE \ [ [€: Dfln.',\—l

—— = —1(COS Sin ana —z, COS ——H \/ —
o 2[( Ve — 7e Fen) n LCOS@ . JJ

mn

6.2.2 Parameters of virtual gears

These are a$ follows.

ﬂbzar

LCoS \/1 —(sin B cos an)z = arcsin (sin S cos a;))

z

[P . S
n
cos? By cos S
Approximation:
z
Zn R —
cos® g
ga
e =
an
coszﬁ’b
d
dn = —2— = mn Zn
cgs” By
Ppn = T 1y, COS o,
dyp, = d| COS ap,
don=dj|+dy—d

2
o AL [Pt _zespeosan ), [ ()
N )

R LAY &

The number of teeth, z, is positive for external gears and negative for internal gears.

d
Qon = arccos[ bn ]
den

0,56n+2tana, x

Ve =

12

+inv a, —inv ag,
Zn

(18)

(19)

(20)

(21)

(22)

(23)

(24)

(29)
(26)

(27)

(28)

(29)

(30)
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0,5nt+2tan oy, x

OfFen =0en— Ve =tanag, —inv a, —

(31)

Zn
6.3 Derivations of determinant normal tooth load for spur gears

bending moment
sectionmodulus of gear at s,
symbols in accordance with Figures 3 and 4.

Nominal bending stress = in accordance with the following equation, with

F
= *;COSOZ‘F““ e (32)
olosf)
d d d
bethE:FWTW (33)

i, is the base diameter;

i is the reference diameter;

w 1S the pitch diameter;

i, is the nominal tangential load at the reference cylinder;
i, is the nominal tangential load at the pitch cylinder.

F F
Fp=—t—=—W (34)
Ccosa COos a,,

hFe
—% oS afen F 7
o=—1" L)Ly (35)
1 (SF 2 bmy bm
N cosa
6\ m j
Wwhere

o _isthe pressure angle of the basic rack profile;

oy, is the working pressure angle.

Wherroisexpressedas a furctionmrof F, a formr factor, T, cam bederived-fromr Equation(35):
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7 Stress correction factor, Yg

71

Basic uses

The stress correction factor, Yg, is used to convert the nominal tooth root stress to local tooth root stress and,

by means of
a)

b)

this factor, the following are taken into account:

the stress amplifying effect of section change at the fillet radius at the tooth root 5);

that evaluation of the true stress system at the tooth root critical section is more complex than the simple

system evaluation presented, with evidence indicating that the intensity of the local stress at the tooth root

consist

the other increasing with closer proximity to the critical section of the determinant position “of

applica

Yg is the fag
principles, a

The formula|
pressure an
methods. TH
other pressy

The present
on the calcu

7.2 Stres

E

i correction factor, Y5: Method B

of two components, one of which is directly influenced by the value of the bending momen

tor for load application at the outer point of single pair tooth contact (Method Bj~See 5.2 fg
ssumptions and application of Method B.

e in this clause are based on data derived from the geometry of extetnal spur gears with
gle, by means of measurement and calculations using finite element and integral equ

re angles.

instructions refer to spur and helical gears. See Clause 6 far explanatory notes and inform
ation of the virtual numbers of teeth relevant to helical gears.

and
load

r the

20°
ation

e formulae can also be used to obtain approximate values for internal gears and for gears having

ation

The calculatjon of the stress correction factor, Yg, is made (n accordance with Equation (36), which is valid in

the range: 1

with

Sgn frof

< g4 < 8; symbols are as illustrated in Figures\3 and 4.

d

R
121+ 23

2+0,13L)q

S

h EQuation (15) for external gears, Equation (16) for internal gears;

(36)

(37)

hge from Equation (18) for external gears, Equation (19) for internal gears;

9s

_Fn
2pF

n

with o from Equation (17).

Determination of Yg by graphical methods is not appropriate.

5) See 7.3 for the procedure to be followed when grinding notches are present in tooth fillets.

14

(38)
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7.3 Stress correction factor for gears with notches in fillets

A notch such as a grinding notch in the fillet of a gear near the critical section usually engenders a degree of
stress concentration exceeding that of the fillet; thus, the stress correction factor is correspondingly greater. A
fair estimate of Yg,, obtainable from Equation (39), can be substituted for Yg, see Figure 5, if the notch is near
the critical section. See also Reference [6].

Yoq = —3¥s (39)

g t
1,3-0,6 /i‘
Pg
t
valid/for -2 <20
Pg

The gffect of the grinding notch is less than that implied in Equation (39) when thé-noetch is above the contact
poin{ of the 30° tangent (external gears) or 60° tangent (internal gears).

Y,

sg glso takes into consideration the reduction in the tooth root thickness,

Deep notches in the fillets of surface hardened steel gears severely reduce the bending strength qgf their teeth.

7.4 | Stress correction factor, Y57, relevant to the dimensions of the standard refergnce test
gears

The footh root stress limit values for materials, according.to ISO 6336-5, were derived from results of tests of
stanglard reference test gears for which either Y1 22,0 or for which test results were recalculated to this
valug. See also Reference [6].

Figure 5 — Notch dimensions

8 Helix angle factor, Y,
The tooth root stress of a virtual spur gear, calculated as a prelimary value, is converted by means of the helix

factor Y, to that of the corresponding helical gear. By this means, the oblique orientation of the lines of mesh
contact is taken into account (less tooth root stress).
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8.1 Graphical value

Yz may be read from Figure 6 as a function of the helix angle, g, and the overlap ratio, &g

Y14

AY2

0

X

0,1

0,2

y
|
/

0,3

0,9 AN

0,4

Key

X reference

U,o

0,6

/
|

0,7

0,8

0,8

0,9

21

0,7

helix angle, g, degrees

Y1 helix factIr, Yﬂ

Y2 overlapr

Helix factors ]

tio, &g

5> 25° shall be confirmed by experience.

8.2 Deterfmination by calculation

The factor Y}; can be calculated using Equation(40), which is consistent with the curves illustrated in Figu
Yp = 14 €p 120°

where S is the reference helix anglte; in degrees.

The value 1,0 is substitutedfor ¢, when &> 1,0, and 30° is substituted for s when g > 30°.

9 Rim thickness factor, Yy

Where the rimthickness is not sufficient to provide full support for the tooth root, the location of ber

fatigue failu’le may be through the gear rim, rather than at the root fillet. The rim thickness factor ¥

Figure 6 — Helix-factor, Yg

XV

40

e 6.

(40)

ding
is a

simplified factor used to de-rate thin rimmed gears when detailed calculations of stresses in both tension and
compression or experience are not available. For critically loaded applications this method should be replaced
by a more comprehensive analysis.

9.1 Graphical values

Yg can be taken from Figure 7 as a function of the backup ratio sg/h; for external gears and as a function of the
rim thickness sg/m,, for internal gears.

16
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YA YA
3 I | 3
I
2 \\ Q 2
N "
4 N
( > 0 >
D5 0,7 1 1,2 2 3 4 5 X1 15 2 3 4 6 8|10 X2
Key
X1 Rackup ratio, sg/h,
X2 rm thickness, sg/m,,
Y rjm thickness factor, Yg
Figure 7 — Rim thickness factor, Yy
9.2 | Determination by calculation
9.2.1 External gears
Yg can be calculated using Equations (41) to (42). These are consistent with the curve in Figure 7
a) |fsg/hy = 1,2, then
¥g=1,0 (41)
b) |fsg/h > 0,5 and sg/h, < 152) then
Yg =1,61n [2,242 ﬂj (42)
SR
c) [The caselsp/hy < 0,5 shall be avoided.
9.2.1 Internal gears
Yy can be calculated using Equations (43) to (44). These are consistent with the curve in Figure 7.
a) Ifsg/m, > 3,5, then
Y5 =1,0 (43)
b) Ifsg/m, > 1,75 and sg/m, < 3,5, then
Yg =1,151n [8,324 ﬂj (44)
SR
c) The case sg/m, < 1,75 shall be avoided.
© IS0 2006 — Al rights reserved 17
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10 Deep tooth factor, Ypt

For gears of high precision (accuracy grade < 4) with contact ratios in the range of 2 < ¢,,< 2,5 and with
applied actual profile modification to obtain a trapezoidal load distribution along the path of contact, the
nominal tooth root stress o is adjusted by the deep tooth factor Y.

10.1 Graphical values

Yot may be read from Figure 8 as a function of the contact ratio ¢,.

Y A

1,1

0,9

0,8 \

0,7 7

Key
X virtual coptact ratio, ¢,

Y deep tooth factor, Y1

@  Accuracy|grade > 4.

b Accuracy|grade < 4.

Figure 8 — Deep tooth factor, Yt
10.2 Detenmination by calculation

Ypt can be ¢alculated using Equations (45) to (47). These are consistent with the curves in Figure 8.

a) If g,, <[2505 orif ¢, > 2,05 and the accuracy grade > 4, then

Yot =1,0 (45)
b) 1f2,05< ¢, < 2,5 and the accuracy grade < 4, then

Yot = - 0,666 ¢, + 2,366 (46)
c) Ifg,,>2,5and the accuracy grade < 4, then

Yo7 =0,7 (47)

18 © 1SO 2006 — All rights reserved
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11 Reference stress for bending

See 5.3 for general notes on the determination of limit values for tooth root stress.

11.1

Reference stress for Method A

Method A is consistent with the determination of tooth root stress reference stress according to 5.3.1.1.

11.2

Reference stress, with values of |, and o for Method B

See 5.3.1.2 and 5.3.2 for information. See Equation (5) for definitions of o .., and ore.

NOT

thos
treat

12

The

of logd cycles), as compared with the allowable stress at 3 x 108 cycles.

The

For

contacts, under load,-0f the gear tooth being analysed. The allowable stress numbers are es

3 x1

A Y
cong

appr

of a,:{lm and o for the more popular gear materials, heat treatment processes and the influence of the-matg

values. 1ISO 6336-5 also includes requirements for quality grades ML, MQ and ME concernirig mat
ent. Material quality grade MQ is usually chosen for gears unless otherwise agreed upon:

|ife factor, Y\t

ife factor, Yy, accounts for the higher tooth root stress, which may betolerable for a limited

brincipal influence factors are:

material and heat treatment (see ISO 6336-5),
humber of load cycles (service life), N,

failure criteria,

smoothness of operation required,

Cleanness of gear material,

material ductility and fracture toughness, and
[esidual stress.

he purposes of thispart of ISO 6336, the number of load cycles, N|, is defined as the num
08 tooth load.cycles at 99 % reliability.

|7 valuelof unity may be used, where justified by experience, beyond 3 x 106 cycle

ideration should be given to the use of optimum material quality and manufacturing, with se
ppriate safety factor.

E ISO 6336-5 provides information, derived from the results of testing standard reference test gears, on values

brial quality on
brial and heat

life (number

ber of mesh
ablished for

5. However,
lection of an

12.1

Life factor, Y\1: Method A

The S-N curve or damage curve derived from facsimiles of the actual gear is determinant for the
establishment of the limited life. Since under such circumstances factors Y. 1, Yg o T @nd Yy are in effect
already included in the S-N or damage curves, the value 1,0 is substituted for each in the calculation of
permissible stress.

12.2 Life factor, Yy1: Method B

For this method, life factor Yyt of the standard reference test gear is used as an aid in the evaluation of
permissible stress for limited life or reliability (see 5.3).

© I1SO 2006 — All rights reserved
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12.2.1 Graphical values

Y\ may be read from Figure 9 for the static stress and reference stress 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.

Y A
2,6 I
24 1
\ \.//
2,2
2 N \
2,0 ¥
| N
1,8 \ k
) 3 \ \
N
1.6 o N \\
N ™ \
N N
14 ™ \\ N\
\
NG NN
"N NN
4 T N \
1,2 S 3
1 SN
*_—-----'\——-----.\_ ~...§
1 ki T
0,9 S
102 10° 10* 10° 10° 107 10® 10° 10" | X
Key
X number of load cycles, N_
Y life factor] YnT
1 GTS (per].), St, V, GGG (perl. bal.)
2 Enh, IF (ropt)
3 NT, NV (jitr.), GGG (ferf)-GG
4 NV (nitrogar.)
Figure 9 — Life factor, Yy, for reference test gears
(see ISO 6336-1:2006, Table 2, for explanation of abbreviations used)

12.2.2 Determination by calculation
The data of Yy for static stress and reference stress can be taken from Table 1.

Life factor Yy for limited-life stress is determined by means of interpolation on a log-log scale between the
values for reference and static stress limits as defined in 5.3.2. Evaluation of Yy is according to 5.3.3.
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Table 1 — Life factor, Yt

Material 2 Number of load cycles, N Life Factor, Yyt
N < 104, static 2,5
St, V,GGG (perl. bai.), N =3 x 108 10
GTS (perl.), L=9~ ’
N_ =100 0,85upto1,0°
N_ < 103, static 2,5
Eh. IF (root) N_=3x108 1,0
N_=1010 0,85 upto,0P
N, < 103, static 1,6
GG, GGG (ferr.), N =3 < 10 10
NT, NV (nitr.) L—°= ’
N_=1010 0,85upto1,0P
N, < 103, static 1,1
NV (nitrocar.) N =3 <108 1,0
N_=1010 0,85upto1,0P
a Bee ISO 6336-1:2006, Table 2, for an explanation of the abbreviations used.
b The lower value of Zyt may be used for critical service, where pitting must be minimal. Values between 0,85 and 1,p may be used
for g¢neral purpose gearing. With optimum lubrication, material, manufacturing and experience 1,0 may be used.

13 Bensitivity factor, Y51, and relative notch sensitivity factor, Y 5o T

13.1| Basic uses

The |extent to which the calculated, tooth root stress deemed to have caused fatigue or overlogd breakage
exceeds the relevant material stress limit is indicated by the dynamic or the static sensitivity factor, Y It
characterizes the notch sensitivity of the material, and its values depend on the material anfd the stress
gradlent. Its values for dynamic stresses are different from its value for static stress. This appljes to Yz in
relatjon to breakage of a-standard reference test gear tooth. It applies also to the relative sensitivity factors
which relate the sensitivity‘of a gear of interest to that of a standard reference test gear (Y5, 7)-

13.2 Determination of the sensitivity factors
Comments on.these factors given in 5.3 apply in principle.

13.2)1-Method A

The tooth root stress limits are determined by testing facsimiles of the gear of interest (or closely similar test
gears), in which case the relative sensitivity factor is equal to 1,0. However, a careful analysis — by means of
which the relative sensitivity factor for the relevant material and relevant tooth form will be established — has
yet to be undertaken.

13.2.2 Method B

When the reference and static stress limit values are derived with Method B using reference test gears with
notch parameters g4t = 2,5, the factor Y5, 1 relevant to the reference and static stress limits of any gear
seldom deviates much from 1,0. This is because the value g4t =2,5 is in the mid-range of common gear
designs. The reference value Y. 1=1,0 for the standard reference test gear coincides with the stress
correction factor Yg = 2,0 (see Figures 11 and 13).
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13.3 Relative notch sensitivity factor, Y5 1: Method B

13.3.1 Graphical values

13.3.1.1

Y5.e T fOr reference stress

Y5rel T Can be read from Figure 10 as a function of ¢4 or Y5 and the material. The curves in this graph for each
of the materials were derived from Figure 12 by subtracting from the absolute value Y appropriate to each
value of gg, the value of Yg for that material corresponding to the notch parameter ¢4 =2,5 (the notch
parameter of the standard reference test gear). For any gear of interest, g4 can be calculated using
Equation (38).

13.31.2 7,

Y5rel T May
this graph f
appropriate

rel T for static stress

Ie taken from Figure 11 as a function of stress correction factor Y5 and the materialnThe cury
r each of the materials were derived from Figure 13 by subtracting from the absolute valy
to each value of Yg, the value of Y4 for that material corresponding to Yg+52,0 (the s

es in
e Yy
tress

correction fgctor of the standard reference test gear). For any gear of interest, Y5 caf-be calculated yising

Equation (34).

13.3.2 Determination by calculation

13.3.2.1

Y5.el T Can be calculated using Equation (48). This is consistent with the curves in Figure 10.

Ysrel TF

The slip-layg

The relative

*

X
with

-
rP=5

The value of "1 forthe standard reference test gear is obtained similarly by substituting g, = 2,5 for
Equation (49

Y§ o 1 for reference stress

=X

Ys _ 1+\/P'}(*
YsT 1+,/p’Z*T

r thickness p’ can be taken from Table 2 as a function of the material.

stress gradient can be calculated ysing the Equation (49) ©):

3(1+2qs)

~

(48)

(49)

gs in

6) Applies for module m =5 mm. The influence of size is covered by the factor Yy (see Clause 15).

22
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Table 2 — Values for slip-layer thickness o’

Item Material 2 [mﬂ m]
1 GG o = 150 N/mm?2 0,312 4
2 GG, GGG (ferr.); og = 300 N/mm? 0,309 5
3 NT, NV; for all hardness 0,100 5
4 St; og = 300 N/mm?2 0,083 3
5 St; og = 400 N/mm?2 0,044 5
6 V, GTS, GGG (perl. bai.); og = 500 N/mm? 0,028
7 V, GTS, GGG (perl. bai.); og = 600 N/mm? 9,019 4
8 V, GTS, GGG (perl. bai.); oy » = 800 N/mm? 0,006 4
9 V, GTS, GGG (perl. bai.); oy » = 1000 N/mm? 0,001 4
10 Eh, IF (root); for all hardness 0,003 0

g See ISO 6336-1:2006, Table 2, for an explanation of the abbreviations used.

13.3{2.1.1 Y 1 for static stress

Y5.elT can be calculated using Equations (50) to (54). These.are consistent with the curves in Fi

ISO

d)

e)

5336-1:2006, Table 2, for an explanation of the abbreviations used).

For St with well defined yield point:

1+0,93 (ys —1)4 200
YsrelT= 7s
re -
140,93 4 200
os

1+ 0,82(ys —1) 4 300
00,2

1+0,824 —

YsrelT=

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

For St with steadily increasing elongation curve and 0,2 % proof stress, V and GGG (perl., baj.):

jure 11 (see

(50)

(51)

or ER and TF(roof) with sfress up o crack iniiation:
Ysre7=044 Y5+ 0,12
For NT and NV with stress up to crack initiation:
Ysrei7=0,20 Y5 + 0,60
For GG and GGG (ferr.) with stress up to fracture limit:

Ysrei7=10

© I1SO 2006 — All rights reserved
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Y A
// /
1,4
/
Yst=Ys/Ysr a/
A
49
1’3 B // “lco\ / 150 } N/mm?2
2 /GG,GGG(ferr.) 8
) / 330
/I ,g\«/ ! 4
30’ ~ly NT,NV " |GGG®
12 ™ - / NS Y
’ 4 = 300
. / A e 800
) 4 ~ ——
T
/ ’/ ___+——2 800 } G0 N/mm?
= ————0/ ™
1 | Y \
Eh,IF¢
/ b |
-
/ / V,GTS,GGG(perl.,bai.)
0,9 7 /
0,8 ,'/
/ //
0,7 / =
1 1,5 2 25 3 4 5 6 7 8 9 X
Key
X notch parpmeter, g = sg,/2p¢
Y relative nptch sensitivity factor))Y s 1, for reference stress
NOTE 1  Vhlues of oin fiewtons per square millimetre (N/mm?2).
NOTE 2  Sge ISO 6386-1:2006, Table 2, for an explanation of the abbreviations used.
NOTE 3  Bpsed.oh bending flat bar complying with VDI 222671,

@  Fully insensitive to notches.

b Fully sensitive to notches.

€ With increasingly pearlitic structure.
d  (root).

Figure 10 — Relative notch sensivity factor, Y 1, for reference stress
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Ty, = 1000 N/mm?

(perl., bai.)

og =200 N/mm?
Y1 Eh, IF ¢ ’/ /
1,8 77 7 P
1,7 A// /
) //A
/
1,6 / 7 ;/—/> St,
1,5 — A V, GGG
44\/A' / A
1,4 *ké 7' Z ——
” «/// .
’ ‘0& 7 ]
. 1 - NT, NV
’  GGG®
I //
/ GTS
GG, GGG (ferr.)?
2,5 3 3,5 4 X

X gtress correction factor, Yg

Y relative notch sensitivity factor, Y, 1, for static stress

NOTE 1 See ISO 6336-1:2006, Table 2,'for an explanation of the abbreviations used.

NOTE 2  Based on bending flat barsomplying with VDI 2226l71.

@  Hully insensitive to notches.

b ully sensitive to notchés:

€ With increasingly peaflitic structure.
d  (foot).

Figure 11 — Relative notch sensivity factor, Y . 1, for static stress
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@ / } og, N/mm?
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1,5 y4 y4

v
4 J

/

1.4 <&>>/ //:</ 300
S e

13 ’

’ )/ // % >’>>/ 400 [ og, N/mm]
/ = ~

1,2 /// ;<‘§<< /7’/ 288

| = /// f/% V,GGG(perl. bai.)

y ‘ﬁ:: §;7¢2/7 IZ 800 }p -
;- ﬁ_ ﬁ_ _%ﬁ 2 1000 N

' 1,5 2 25 3 4 5 6I7’59>>(

Key

X notch parpmeter, g

Y sensitivity factor, Y, for reference stress

NOTE 1 See ISO 6336-1:2006, . Table 2, for an explanation of the abbreviations used.
NOTE 2  Bpsed on bending ftat-bar complying with VDI 2226171

@  Fully insgnsitive to noteches.

b Fully sengitive tonétches.

€ With incrg¢asingly pearlitic structure.
d  (root).

Figure 12 — Relative notch sensivity factor, Y ; for reference stress
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Y A g, N/mm?
200/\
3.5 400 ‘
St
// 500
3 0 600 \ o Nimm?
s o S 800 %0z
z /‘/ 1 000
N g
/ / ]
2,5 ~
’ e
%ﬁ V,GGG(perl.,bai.)
2
NT,NV\A’ _
—_—
__—T ©TS
GGGC?
— GG,GGG(ferr.)’
2 2,5 3 3,5 4 X
Key
X dtress correction factor, Y
Y  gensitivity factor, Y, for static stress

NOTE 1 See ISO 6336-1:2006, Table 2, for an explanation of the abbreviations used.
NOTE 2  Based on bending flat bar complyingith VDI 2226!71.

@ Hully insensitive to notches.

b ully sensitive to notches.

€ With increasingly pearlitic structure.
d  (foot).

Figure 13 — Relative notch sensivity factor, Y5 for static stress

14 Surface factors, YR, YrT, and relative surface factor, Yg (| T

14.1| Influence of surface condition

The surface factor, Yg, accounts for the influence on tooth root stress of the surface condition in the tooth
roots. This is dependent on the material and the surface roughness in the tooth root fillets (see Note, below).
YR for static stress is different from Yy for dynamic stresses. This is also true for Yry, the surface factor of the
standard reference test gear. These factors are compared to that of a plain, polished test piece. Relative
surface factors represent the relationship of the surface factor of a gear of interest to that of the standard
reference test gear (YR ¢ 1)-

NOTE The influence of surface condition on tooth root bending strength does not depend solely on the surface
roughness in the tooth root fillets, but also on the size and shape (the problem of “notches within a notch”). This subject
has not to date been sufficiently well studied for it to be taken into account in this part of ISO 6336. The method applied
here is only valid when scratches or similar defects deeper than 2Rz are not present (2Rz is a prelimary estimated value).
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Besides surface texture, other influences on tooth bending strength are known, and include residual
compressive stresses (shot peening), grain boundary oxidation and chemical effects. When fillets are
shot-peened and/or are perfectly shaped, a value slightly greater than that obtained from the graph should be
substituted for Yy - When grain boundary oxidation or chemical effects are present, a smaller value than
that indicated by the graph should be substituted for Yg (¢ 1-

14.2 Determination of surface factors and relative surface factors

The comments in 5.3 apply in principle for the determination of these factors.

14.2.1 Method A

In Method
test gears.

the tooth root stress limit is determined by testing the gear of interest or testing closelyys

imilar

y this approach, the relative surface factor is equal, or approximately equal, to 1,00’ order to
determine the material surface factor relative to that of the gear tested, a careful analysis shall besundertaken.

14.2.2 Method B

The materig strength values provided are derived in accordance with Method B,(from results of tegts of

standard re

stress of any gear of interest differs little from 1,0, since Rzr =10 ym is a comimon mean value. Yg o

static stress

may also be made equal to 1,0.

14.3 Relatjve surface factor, Y o 1: Method B

14.3.1 Graphical values

rence test gears of which Rzr =10 um. In general, the value Yy ryrelevant to the reference

| for

YR rel T CaN e taken from Figure 14 as a function of the material and Rz, the peak-to-valley roughness in the
tooth root fillets of the gear of interest. This graph is derivedfrom Figure A.1.

28
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A
1,15
1,1 \\
\\
1,05\
\
\\\
—_— -
— | N
1 \lg s
—
\ GG,GGG(ferf)NT,NV
N \
0,95 O st
\ \},GGG(perl.,bai.)
0.9 Eh,IF®
1 2 3 4 6 810 200080 40 X

bughness, Rz, pm
elative surface factor, YR o T

E See ISO 6336-1:2006, Table 2, for an eéxplanation of the abbreviations used.

a8  Hor static stress and all materials.

14.3

14.3

YRre

ISO

foot).

Figure 14 — Relative surface factor, Yg o 7
(derived from Figure A.1)

2 Determination-by-calculation

21 Yg . yforreference stress

5336-1:2006, Table 2, for an explanation of the abbreviations used).

eference stress in the range R 1 .

T can be calculated using Equations (55) to (61). These are consistent with the curves in Fi

jure 14 (see

— forV, GGG (perl., bai.), Eh and IF (root):

YRrei7=1,12
— for St:
YRrei7=1,07

— for GG, GGG (ferr.) and NT, NV:

YRrer7=1,025

© I1SO 2006 — All rights reserved
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Reference stress in the range 1 ym < Rz < 40 uym

— forV, GGG (perl., bai.), Eh and IF (root):

YRrei7= 1,674 - 0,529 (Rz + 1)0,1

for St:

YR el T = 5,306 — 4,203 (Rz + 1)0.01

for GG, GGG (ferr.) and NT, NV:

14.3.2.11

YRrel T 7

15 Size factor, Yy

The size fac
points in the
theory, decr
effectivenes

The followin
a) materia
b) heat-tre
c) module
Size factor }
15.1 Size
The value d
cond_it!ons 0
provisions g
15.2 Size

The values
sizes, due rg

'r rel T fOr static stress

j have significant influence:

atment, depth and uniformity of hardening;

YR rel T = 4,299 — 3,259 (Rz + 1)0.0058

1,0.

or, Yy, is used to take into consideration the influence of size on the)probable distribution of

, its cleanliness, chemistry, and forging process;

in the case of surface-hardening: case depth in relation to tooth size (core support effect).
' shall be determined separately-for the pinion and wheel.

actor, Yy: Method A

f size factor Yy shall‘be based on reliable experience or testing under the relevant oper
f a range of different-sizes of gears in each material of interest, appropriately heat-treated,

ven in ISO 6336=1:2006, 4.1.12, are relevant.

actor, Yy: Method B

pbrovided are based on the results of testing gears and bending strength test pieces of diffi
gardibeing paid to the current standards and practices of established heat-treatment practitiq

(58)

(59)

(60)

(61)

weak

structure of the material, the stress gradients, which, in accordance with strength of matgrials
pase with increasing dimensions, the quality of the materiahas determined by the extent
5 of forging, the presence of defects, etc.

and

ating
The

brent
ners.

15.2.1 Size
15.211 G

The value of

30

factor, Yy, for reference stress and static stress
raphical values

Yy may be taken from Figure 15 as a function of the module, material and heat-treatment.
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15.2
Yy

15.2

Y 4
a
1 \
\\
A\ \< St,V,GGG(perl.,bai.),GTS(perl.)
0’9 \ NG
N By
% C
b —Eh,IFS,NT,NV
0,8 N\ ; |
\</GG,GGG(ferr.)
0,7
0 >
02 10 20 30 X

ormal module, m,, mm

ize factor, Yy

E 1 See ISO 6336-1:2006, Table 2, for an explanation of the abbreviations used.

F 2 Shaded area is in the range of scatten for static stress.

tatic stress (all materials).
eference stress.

foot).
Figure 15 — Size factor, Yy, for tooth bending strength
1.2 Determination by calculation
ay be calculated using the equations in Table 3, which are consistent with the curves given in

2 Sizefactor, Yy, for limited life

Yy i

Figure 15.

obtained by means of linear interpolation between the values for the reference stress a

nd the static

stress as determined in accordance with 5.3.2. This formulation is included in the determination of permissible
stress for limited life, according to 5.3.3.
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Table 3 — Size factor (root), Yy

Material @ Normal module, m, Size factor, Yy
St V, mn <5 Yx=1,0
GGG (perl., bai.), 5<my<30 Yx =1,03 - 0,006 m,
GTS (perl.), 30 < my, Yx=0,85
<5 Yx=1,0
Eh, IF (root), For 3 x 108 7 ) » g 0.01
NT, NV cycles 5<m,<25 Yx =1,05-0,01 m,
25 < mp, Yx=0,8
Mp < D Tx=1,0
GG, GGG (feyr.) 5<my<25 Yy =1,075 - 0,015 iy
25 < my Yx=0,7
All materials for static stress — Yy =1,0
a8  See ISO §336-1:2006, Table 2 for an explanation of the abbreviations used.
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Annex A
(normative)

Permissible bending stress, opp, obtained from notched, flat or plain

polished test pieces

A.1 Methods for determining permissible bending stress, orp — Principles,

assumptions and application

A1l Method By

The [permissible bending stress is to be derived from the bending stress number (gj i, and li
results, usually presented as S-N or damage curves, of the pulsator fatigue testingyotnotched, fla

piecgs. As in the case for Method B, the test data shall be transformed to suit the gears of intere
(absplute) influence factors appropriate to the method and the test piece: Y5 for notch sensi
surfgce roughness, and size factor Yy in accordance with Method B.

This|method can be applied when values.ebtained from either gears or notched test pieces are n
and |s particularly suitable for evaluating, relative to one another, the tooth root strength values
matgrials.

A.2| Permissible bending stress, orp: Method By

fe factor Yy
test pieces.
he influence
for surface

particularly

fe factor Yy

bolished test
st, using the
tivity, Yg for

ot available,
for different

A2/l op for static-stress and reference stress
Usinf these methods; the permissible bending stress is calculated on the basis of the strength pf a notched
test piece from-Equation (A.1):
Sklim Ysk YNk OFG
OFp S o Yorelk TRrelk Yx = (A.1)
Fmin Fmin
where
Okim is the nominal notched-bar stress number (bending), which 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 (see recommendation below);
Y 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, which is used to take into

account the higher load bearing capacity for a limited number of load cycles;
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Ysrelk IS the relative notch sensitivity factor, which is the quotient of the notch sensitivity factor of the
gear of interest divided by the notched test piece factor (see A.6), and which enables the
influence of the notch sensitivity of the material to be taken into account;

YRrelk is the relative roughness factor, which is the quotient of the tooth root fillet roughness factor of
the gear of interest divided by the notched test piece factor (see A.7), and which enables relevant
surface roughness of tooth root fillet influences to be taken into account.

For oy i, differences between the properties of the heat treated materials, application of stresses and
sections of test piece and gear of interest due to conditions of manufacture should be taken into consideration.

Other reIevTI Symbots are defimedin5.3-2-
The values ¢f the factors related to the notched test piece (o i, Y5k and Yy) shall be determined by tests or
to be taken|from literature (see A.5). Evaluations of ¢ ;,,, and all corresponding influence factors shall be
based on vajues of static stress and reference stress appropriate to the notched test piece.
The influencg factors shall be determined in accordance with 5.3.2.

A.2.2 opp for limited life

The value of| ogp shall be determined in accordance with 5.3.3.

A.3 Permijssible bending stress, orp: Method B,

For these nmpethods the permissible bending stress is calculated, on the basis of the strength of a plain,
polished test piece from Equation (A.2):

PP lim YNp
——— s

UFP =~ YR YXZ UFG A2)
SFmin Fmin

where

O lim |is the nominal plain-bar stress, number (bending), which is the bending stress limit value df the
plain-bar test piece relevapt\to' its material and heat treatment in relation to its dimensions|(see
recommendations, below);

Np is the life factor forldeoth root stress, relevant to the plain, polished test piece which is usgd in
order to take into/account the higher load capacity for a limited number of cycles;

Ys is the notch sénsitivity factor of the gear of interest, as related to a plain, polished test piece,
which enables the influence of the notch sensitivity of the material to be taken into account;

R is the/surface factor of the gear of interest, as related to the plain, polished test piece, which
efhables relevant surface roughness influences to be taken into account.

For oy im» 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.

Other relevant terms and symbols are defined in 5.3.2.
Evaluations of o, ji,, and Y\, for plain test pieces shall be based on tests or obtained from the literature (see
A.5). Evaluations of o, i, 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 5.3.2 and 5.3.3.
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