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Forewo

rd

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

Commissio

Internationg

Draft Intern

Publicationjas an International Standard requires approval by at least 75 % of the memberbodies casting
Attention is| drawn to the possibility that some of the elements of this part of ISO.10300 may be the s
patent rights. ISO shall not be held responsible for identifying any or all such patent-rights.

Internationgl Standard 1SO 10300-3 was prepared by Technical Committee 1SO/TC 60, Gears, Subc
SC 2, Geatr|capacity calculation.

ISO 10300 fonsists of the following parts, under the general title Calculation of load capacity of bevel gear
— Part 1:|Infroduction and general influence factors

— Part 2:|Calculation of surface durability (pitting)

— Part 3:|Calculation of tooth root strength

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

In this corrg

n (IEC) on all matters of electrotechnical standardization.
| Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Rart 3.

btional Standards adopted by the technical committees are circulated to the member bodies f

cted version of ISO 10300-3,sEquation (57) has been corrected.

IS0, also take part In the work. SO collaborates closely with the International Electrg

technical

br voting.
b vote.

ubject of

pmmittee

]
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Parts 1, 2 and 3 of ISO 10300, taken together with 1ISO 6336-5, are intended to establish general principles and
procedures for the calculation of the load capacity of bevel gears. Moreover, ISO 10300 has been designed to
facilitate the application of future knowledge and developments, as well as the exchange of information gained from
experience. This part of ISO 10300 gives formulae for bending-strength rating in calculations for the avoidance of
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with the gid of the contact-ratio factor Y, (see clause 8). The procedure thus corresponds to method C {

root streg
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BKage.
f gear teeth by breakage can be brought about in many ways — severe instantaneous
b pitting, case crushing and bending fatigue are some. The strength ratings determined.by the
bf ISO 10300 are based on cantilever-projection theory modified to consider the follewing:

bressive stress at the tooth roots caused by the radial component of the tooth(load;

| gears;

s concentration at the tooth root fillet;
tsharing between adjacent contacting teeth;
of smoothness due to a low contact ratio.

ulae can be used for determining a load rating that will prevent tooth root fillet fracture during

gear teeth. Nevertheless, if there is insufficient’material under the teeth (in the rim), a fractur
root through the rim of the gear blank or to the bore — a type of failure not covered by
0. Moreover, special applications could require additional blank material to support the load.

ally, surface distress (pitting or wear) may limit the strength rating, due either to stress cq
rge sharp-cornered pits, or to wear steps on the tooth surface. Neither of these effects are cq
bf ISO 10300.

cases, the maximum tensile stress at the tooth root (arising from bending at the root when
D the tooth flank) can'‘be used as the criterion for the assessment of the bending tooth root
allowable stress number is exceeded the teeth can experience breakage. When calculating th
of straight bevehgears, this part of ISO 10300 starts from the assumption that the load is ag
bf the virtual €ylindrical gear. The load is subsequently converted to the outer point of single-td

s of cylindrical gears (see ISO 6336-3).

bevel gears with a high overlap ratio (¢, > 1), the mid point in the contact zone is regarded a

overloads,
formulae in

uniform moment distribution of the load, resulting from the inclined eontact lines on the tegth of spiral

the design
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oth contact
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point of |

bad :\Ir_\lr_\lir‘nfinn There is an infnrpnlnfinn for medium n\/nrlnln ratio (n < rvﬁ < 1)

The breakage of a tooth generally means the end of a gear's life. It is often the case that all gear teeth are
destroyed as a consequence of the breakage of a single tooth. An Sk, the safety factor against tooth breakage,

higher than the safety factor against damage due to pitting,

(see ISO

10300-1).
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Calculation of load capacity of bevel gears —

Part 3:
Calculation of tooth root strength
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ISO 53:1

ISO 1123

large face width 5 > 10 m,,, the calculated results of ISO 10300 should be confirmed by e
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of ISO 10300 specifies the fundamental formulae for use in the tooth-bending-stress calculatio
al (skew), zerol- and spiral-bevel gears with a minimum rim thickness undér the root > 3,5 m
s on tooth stress are included, insofar as they are the result of load transmitted by the gearing
ated quantitatively. (Stresses such as those caused by the shrinksfitting of gear rims,
ed on stresses due to tooth loading, are to be taken into consideration in the calculation of th
or the permissible tooth root stress ogp.)

ulae in this part of ISO 10300 are valid for bevel gears with teeth with a transverse contact rati
results are valid within the range of the applied factors given in ISO 10300-1 and 1SO 6336-3.

of 1ISO 10300 does not apply to stress levels abgve those permitted for 103 cycles, as stre
Lild exceed the elastic limit of the gear tooth.

N — The user is cautioned that when the-methods are used for large spiral and press

ving normative documents ‘eontain provisions which, through reference in this text, constitute g

pf 1ISO 10300. For dated, references, subsequent amendments to, or revisions of, any of these

bply. However, parties:te agreements based on this part of ISO 10300 are encouraged to inv
of applying the ‘mo0st recent editions of the normative documents indicated below. H

of currently valid’International Standards.

098, Cylindrical gears for general and heavy engineering — Standard basic rack tooth profile.

-4:1998, Vocabulary of gear terms — Part 1: Definitions related to geometry.
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ISO 6336-3, Calculation of load capacity of spur and helical gears — Part 3: Calculation of tooth bending strength.

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

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

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

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

3.1

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

4 Symb

For the p
ISO 10300-

ols-and-abbreviated-terms

Table 1 — Abbreviated terms

irposes of this part of ISO 10300, the symbols and abbreviated terms given (in~Table 1 of
1:2001, and the following abbreviated terms, apply.

Abbreviation

Description

St steel (0g<800 N/mm2)
\Y, through-hardened steel (og > 800 N/mm2)
GG grey cast iron

GGG (perl., bai., ferr.)

spheroidal cast iron (perlitic, bainitic, ferfitic structure)

GTS (perl.) black malleable cast iron (perlitic structure)
Eh case-hardening steel, case-hardened
IF (root) steel and GGG, flame or induction-hardened (including root fillet)
NT (nitr.) nitriding steels, nitrided
NV (nitr.) through-hardened ‘ahd case-hardening steel, nitrided

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

NV (nitrocar.)

5 Tooth breakage and.safety factors

Tooth breakage usually ends/transmission service life. Sometimes the destruction of all gears in a transmigsion is a
consequenge of the breakage of one tooth, while in certain instances the transmission path between input and

output shafis is brokén)

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

The value of the minimum safety factor for bending stress, Skmin, should be > 1,3 for spiral bevel gears. For
straight bevel gears, or where Sy < 5° Spmin should be > 1,5. It is recommended that the manufacturer and

customer agree on the value of the minimum safety factor.

© I1SO 2001 - All rights reserved
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6 Gear-tooth rating formulae

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

bending stress, based on the geometry of the tooth, the accuracy of its manufacture, the rigidity of the gear

blanks, bearings and housing, and the operating torque, expressed by the bending stress formula (see 6.2);

allowable stress number, and the effect of the working conditions under which the gears operate, expressed

by t
The dete

NOTE
stress, as
value is ¢
consisten

6.2 Tooth root stress

6.2.1 General

The tootk
OF
where

OF0

See ISO

6.2.2 L

The calc
to the tog

a) theq

b) ther

€ permissible bending Stress formuta (See 0.3).
rmined tooth root stress, of, shall be < opp, which is the permissible tooth root stress.

In respect of the allowable stress, reference is made to a stress “number”, a designation’ adopted H
determined by laboratory testing, is not calculated by the formulae in this part of IS©40300. Instead
alculated and used throughout, with accompanying changes to the allowable stress\number in orde
Ly for design comparison.

root stress is determined separately for pinion and wheel;

0F0 Ka Ky Krp KFo < OFP

is the local tooth root stress defined as:the maximum tensile stress arising at the tooth roo
nominal torque when a perfect gear is laaded.

10300-1 for Kp, Ky, Krp, KFq

pcal tooth root stress, ory.51 — Method B1

Ilation of the local teoth’root stress is based on the maximum tensile stress at the tooth root
th root fillet). The-determinant position of load application is:

uter limit of siqgle tooth contact (&, = 0);

hid-point-of the zone of contact (&, > 1);

c) inter

ecause pure
an arbitrary
I to maintain

(1)

due to the

30° tangent

olation between a) and b) (0 < g3 < 1).

The transformation from tip to this determinant position is done by Y¢:

Fmt
OF0-81~ Ypg Ysa Ye Yk Yis

where
Fmt

b

mn

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

is the face width;

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

Ysa

is the stress correction factor (see clause 7), which accounts for the conversion of the nominal bending

stress for load application at tooth tip to the corresponding local tooth root stress. Thus Ys, accounts for
the stress-increasing effect of the notch (in the root fillet), as well as for the fact that the stress condition in
the critical root section is complex, but not for the influence of the bending moment arm;

r the load application at the tooth tip to the determinant position;

is the contact-ratio factor (see clause 8), which accounts for the conversion of the local stress determined

Ye
fo
Yk is
in
Vs is

the bevel-gear factor, which accounts for smaller values for i,y compared to total face width
Clined lines of contact;

the load sharing factor, which accounts for load distribution between two or more pairs’of teeth

6.2.3 Locgpl tooth root stress, org.go — Method B2

When apply

ing method B2, the combined geometry factor Yp replaces the factors- ¥r3, Ysa, Ye, YLs and

local tooth oot stress Equation such that Equation (2) becomes:

OF0-B2

The value g

Y

Yp =

)

Substitution

OF0-B2
where

is
ge

Ya

Yy is

The bendin
damaging |

Fmt

Yp
bmmn

f Yp is determined by:

A 7imt "'mn
2
J Mgt

in Equation (3):

mmt YA

2YJ

_ Fmt
b Met

the bevel-gear adjustment factor for method B2, for standard carburized and case-harden
ars (see annexA);

he bending\strength geometry factor for method B2 (see 9.2).

g-stréngth geometry factor, Y;, evaluates the shape of the tooth, the position at which
bad.is applied, the stress concentration due to the geometric shape of the root fillet, the sharin

b and the

Yk in the

3)

ed bevel

the most
g of load

between a

Jinr'\nnf pairc of fnnfh, the tooth-thickness balance hetween the wheel and mafing pininn’ the

effective

face width due to lengthwise crowning of the teeth, and the buttressing effect of an extended face width on one
member of the pair. Both the tangential (bending) and radial (compressive) components of the tooth load are

included.

6.3 Permissible tooth root stress

6.3.1

General

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

© I1SO 2001 - All rights reserved
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OFE

OFE YNT

OFlim YST YNT
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YsrelTYRrel T Y X
SFmin

YsrelTYRrel T Y X
SF min

is the allowable stress number (bending),

-3:2001(E)

(6)

(7)

OF lifn

YT
SFm

Ysre

YR rd

Tx

YNT

632 C

The calc
basis of {

SF:

NOTE

See ISO

alculated safety factor

Lilated safety factor againsf tooth breakage shall be determined separately for pinion and wh
he allowable stress number (bending), determined for the standard test gear:

ore YNt Yorel - ¥Rtel T Y

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

is the bending stress number for the nominal stress in bending of the test gear;’which 3
material, heat treatment, and surface influence at test gear dimensions (see IS©’'6336-5);

is the stress-correction factor for the dimensions of the standard test gear.YsT = 2,0;
is the minimum safety factor (see 1ISO 10300-1);

is the relative sensitivity factor (see clause 10) for the allowable stress number, rel
conditions at the standard test gear (Y5e| T = Y5/YsT accounts for the notch sensitivity of the

is the relative surface condition factor (see clause 41) (YrreiT = YR/YRT accounts for
condition at the root fillet, related to the conditions at'the test gear);

is the size factor for tooth root strength (see clause 12), which accounts for the influence of]
on the tooth root strength;

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

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

103001 in reference to the safety factor and the risk (probability) of failure.

OF0  KAK\ Kep Keg

assumption

ccounts for

ated to the
e material);
the surface

the module

f operation

eel. On the

(8)

7 Tooth form, Yg,, and correction, Yg,, factors — Method B1

7.1 General

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

NOTE

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

© 1SO 2001 — All rights reserved
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Bevel gears generally have octoid teeth and a tip and root relief. However, deviations from an involute profile are
small, especially in view of the tooth root chord and bending moment arm, and thus they may be neglected when
calculating the tooth-form factor.

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

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

XFan

a8  Base cirgle of virtual cylindrical gear
Figure|1 — Tooth root chord, sg,, and bending moment arm for load application at the tooth tip| /.,

of the virtual cylindrical gear tooth profile

7.2 Yr, for generated gears

7.21 General

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

a) The coptact point of the 30%>fangent lies on the fillet curve generated by the tool tip radius.

b) The togl is manufactured with a finite tip radius (p50 # 0).

L /IFa
D cosa
Mmn Fan

YFa= ? 9)

’”lllll}

cos &y,

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

7.2.2 Auxiliary quantities

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

Pao(1—sinay)—spr
cosa,,

(10)

T
E= (Z - Xsmj mmn — haotana, —

6 © I1SO 2001 - All rights reserved
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(11)

(12)

(13)

For the 4
Equation

723 T

_SFn|
mmi

724 F

PE

olution of the transcendent Equation (13), ¢ = #/6 may be inserted as the initial value. In mos
already converges after a few iteration steps.

poth root chord, sg,

-—ZVnsin(g—ﬂ}r«E[i—@)

cos?¥  mmn

llet radius, pf, at contact point of 30° tangent

mmi

_ Pao N 2G2
Mmn cosé‘(z\,n coszz}‘—ZG)

7.2.5 Bending moment arm, /g,

Qan

Va7

OFq

_hrd
mmi

d
= arc cos [V—b”]
dVan

1|z . .
P —+2(xpm tanay + xgm) | HiAVa, —invag,
vn

h = @an —7Va

1 : dvan n G Pao
-=—| (cosy . —siny tana —= - cos| —— |- —+ —==
2 {( Va Va Fa”) S 3 cos®  mmn

See ann

x A of ISO\10300-1:2001 for data of the virtual cylindrical gear in normal section. Dimensions

rack profjle of the-tooth are shown in Figure 2 of this part of ISO 10300, while Yg; may be taken from F
basic radgk profile of the tool with data o, = 20°, hig9/mmn = 1,25, and pao/mmn = 0,25 for xgm = 0. Diagra

basic ra

profiles are given in ISO 6336-3.

t cases, the

(14)

(15)

(16)

(17)

(18)

(19)

at the basic
gure 3 for a
ms for other

See Figu

res 4 to 6 for the combined tooth form factor Ygg = Yg, Ys, for generated bevel gears.
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Mo 7T/8) - x ] Moy 7T/ 8) = x ]

hep

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

7.3 Yfa fpr gears made by form cutting

Crown gears can be partly manufactured by the form cuttingwmethod (especially for larger gear ratios), by which the
profile of the space width of the measured gear is identi¢al to the tool profile (rack profile). Here, the tpoth form
factor for the crown gear can be directly determined at the tool profile.
Tooth root thickness:
SFn2 = [t mmn — 2E — 2 py2 cos 30° (20)
with E according to Equation (10)
fillet radius pt contact point of 30°tangent
PF2 = 202 (21)

bending mgment arm

heao Hhags— pazoZ * Mmp — (%"' Xsm2 ~ tananj mmp tana, (22)

tooth form factor according to Equation (9), with aFan = on

6/Faz
Mmn

2
SFn2
Mmn

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

Yra2 = (23)

8 © I1SO 2001 - All rights reserved
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(Example: fm = 23,5, zy = 12 leads to zyn = 15,2)
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Figure 3 — Tooth form factor, Yg,, for generated gears

© 1SO 2001 — All rights reserved


https://standardsiso.com/api/?name=422cacb48b0e9be1680cfa6724675117

AY

‘1
¥

AV WA WA
NEAVAYAYAY

/

A\ AN

e'//

yAWAVA!

v

o

7

/11

/

NN SN

WA
/

7
N 1/

P

//

BN

oS
P

N7

o'/,

L4
e‘//‘ ~

J
J‘.
LA

13

€

oY

Iy

A}

13

o'y

SY

94

£y

9%

6y

s

ISO 10300-3:2001(E)

072 mmn)

© I1SO 2001 - All rights reserved

Yra Ysa for generated gears (o450

"—-———-Sj/(
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7.4 Correction factor, Yg,

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

1
[1,21 +2,3/La]

YSa:(1,2 + O,13La)qS (24)
Ly ¥ Zrn (25)
hFa
1 SFn
4s 35— (26)
* | 20¢
where

sgn [is according to Equation (14) and Equation (20) respectively;

hgg fis according to Equation (19) and Equation (22) respectively;

pr lis according to Equation (15) and Equation (21) respectively:
The range of validity of Equation (24) is 1 < g5 < 8.

The stregs correction factor, Yg5, may be read from Figure 7 for the basic rack profile of the tool with o, = 20°,
hao/mmn E 1,25, pag/mmn = 0,25 for xgm = 0. See ISO 6336-3 for the influence of grinding notches.
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Figure 7 — Stress correction factor for load application at tooth tip, Y5,
8 Contacteratio, Y, bevel-gear, Yk, and load-sharing, Ys, factors — Method B1

8.1 Contact-ratio factor, Y,

The contact-ratio factor, Y, converts the load application at the tooth tip (here the tooth form factor, Yg,, and stress-
correction factor, Ys,, apply) to the decisive point of load application.

Y. is also used for the determination of the transverse load distribution factor K, (see ISO 10300-1):

0,75

Eva

Y.=0,25 +

> 0,625 (&yp=0) (27)
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Y:=025+

Ye =
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Evo Evo

0.75 _ evp [0’75 -o,375) > 0,625 O<ep<1)

0,625 (evp> 1)

8.2 Bevel-gear factor, Yk

(28)

(29)

The bevel gear factor, Yk, accounts for differences between bevel and cylindrical gears (smaller values of /'y,

because

of inclined lines of contact):

YK T
where

l/bm
8.3 Lo

The load

Yis

(See 1SC

9 Ber

9.1 G

Figures i
series of
wheneve

design, gnd driving with the concave)side, correspond to those in the graphs.

Where the graphs are not.applicable, the formulae in 9.2 should be used. Because of the compl

calculatid

9.2 Fagrmula for. the bevel geometry factor, 7,

, 2
11 bm) b
2 2 b ) I

is the projected length of the middle line of contact [see Equation (A.44) in ISO\10300-1:2001].

ad sharing factor, Y| g

sharing factor, Y| g, accounts for load sharing between two or more‘pair of teeth.
2

=Z(s

10300-2 for Z; 5.)

)ding-strength combined geometry factor, Yp — Method B2

aphs and general
N annex B contain graphs for the.bevel geometry factor, Y, for straight-, zerol- and spiral-beve

gear designs, based on the ‘smaller of the face widths b = 0,3 Re and 10 mgi. These m
I the tooth proportions and “thickness, face widths, tool edge radii, pressure and spiral ar]

n, computerization’is recommended.

(30)

(31)

gears for a
by be used
gles of the

exity of the

The bevgl geometry factor, Y is calculated using the following formulae:
Vica o 2Veooa o b 4o
YJ12 — I INIZ myuo T,z ocer,Z mt
’ ENYi  dviz  b12 met
where

Yk12 is the tooth form factor, including the stress concentration factor of pinion or wheel (see 9.8

my0

bce1,

is the load sharing ratio (see 9.9);
is the inertia factor for gears with a low contact ratio (see 9.10);
1,2 is the mean transverse radius to point of load application for pinion or wheel, in millimetres

2 is the calculated effective face width of pinion or wheel, in millimetres (see 9.11).

© 1SO 2001 — All rights reserved

(32)

);

(see 9.4);
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9.3 Point of load application for maximum bending stress, y;

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

When e,y < 2,0

g
yJ:patCOSﬁvb—f (33)
with
g721 = gsancos4ﬂvb + szinlevb (34)

when gy, >P,0

Y,=0 (39)

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

g
yy=—p (36)
4
2 D 2
g3~ 8h— 4y} (37)
For straighttbevel and zerol-bevel gears:
2
y3:§v2a_n+ gvoanyJ (38)
&n
For spiral-bpvel gears:
2 2 7
— Fvon  8von ¥JCOS By * b 8yon 8yk SiNB (39)
&n
2 2 7l
_ $von " Evon Yy COS By = b &yan 8y k" SINB (40)
Y32 5 2
Q'I
where constant of location
k= Zp— 21 (41)
3,222 +4,0Z1

9.4 Radius to point of load application, 7,y 01,2

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

16 © 1SO 2001 — All rights reserved
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For straight- and zerol-bevel gears:

gl = bgyon 84K

2 (42)
&n
For spiral-bevel gears:
, bg g k'coszﬂ —bzy sin g
g41= van &J ;/b J vb (43)
&y
. bg g k'coszﬁ + b2 y,;sing
gbol= von &J 2vb J vb (44)
&n
+ay, sina, —0,5 /42 —d?
Y312 vn n ’ van2,1~ 9vbn2,1
tanqr 12 = (45)
0.5dypn12
where
op1p  is normal pressure angle at point of load application for pinion and wheel
ofls
Ship = 180 mnt2 _ invey 1, +inva, (46)
T\ dyn1,2
Oh1p = OL12~ $h1,2 (47)

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

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

Ar

<

dypn1,2
=0,5| ————-d 48
1,2 [cosam,z vh 1,2 (48)

Mean trapsverse radius to¢point of load application:

_dy1p (Bm'™t 8012
"my01,2 = 2 R
m

J-ﬁ- Al"yo»]‘z (49)

9.5 Toothfillet radius at root circle,

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

Fillet radius at root of tooth:

2
(hfm1,2 - Pao1,2)
0,5dyn12 +hfm12 — Pao1,2

Fmf1,2 = * Pa01,2 (50)

© 1SO 2001 — All rights reserved 17
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9.6 Tooth form factors Y, and Y,

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

separately.
gyb1,2 = Mfm1,2 = Pa01,2 (51)
1-sina
£012=0.55mn12 * Am1,2 tanay + pag1 2 (—n) (52)
cosap
where gro1,p = assumed value.
For an initigl value, make gfo1,2 (1) = 201,2 + gyb1,2
360°g501,2
S2=1+———— (53)
Ttdyn1,2
gxb1,2|~ 8f01,2 ~ 8012 (54)
8za1,2 :gyb1,200351,2—gxb1,2 Sin§1,2 (95)
870121 &yb1,28INE1 2+ &xb1,2 COSEy 5 (56)
tan — 1-1'2 = w (57)
&7b1,2
sN1,2 7 0,9dyn1,2 SINE4 5 = Pagr 2 COST12 — Ep 0 (58)
hN1,2 ¥ Ary01’2 + O,den‘]’z (1 - 00351’2) + pa01’2 sinz'1,2 + 8za12 (59)
Change gfofl,2 until
s ¢otr
NT2 1712 ~20+0,001 (60)
hnp 2
For the secpnd trial, make gf01,2(2) = gf01,2(1) + 0,005 met
For the third and subsequent trials, interpolate.
Tooth-strength factor:
2
SNT,Z
XN1,2 = (61)
hn4
Tooth-form factor:
2 1
Y1 2 = — (62)
3 1 tanam’z
m t —
XN1,2 35N1,2

18
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9.7 Stress-concentration and -correction factor, 1;

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

a) effective-stress concentration;

b) location of the load;

c) plasticity effects;

d) resi

ual-stress effects:
7

e) material-composition effects;

f)  surface finish resulting from gear production and subsequent service;

g) hert;
h) size
i) end

The follo
b) only.

Other fagtors from a) to4) may be included under those covered by Equation (2). Usually, d) and e) are

allowablg bending-stress number ofp, while h) is included in size factor Yy, and i) for bevel gears in calculated

effective

M )
2s 2s

Yid=1+ N1,2 N1,2
Fmf1,2 hnt 2

L=10,325454 5-0,007 272 7 «y,

r-stress effects;
effects;

of-tooth effects.

0,331 818 2 - 0,009 090 9 o,
D,268 181 8 + 0,009 090 9. &,

is the pressure angle;.in“degrees.

face width;\bee (see 9.11).

© 1SO 2001 — All rights reserved

ving stress-concentration and stress-correction factors, derived by Dolan and Broghamer, congider a) and

(63)

included in
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9.8 Adjusted tooth-form factor for stress concentration, Yk

This is simply the combination of the tooth-form factor, Y1, and the stress-concentration and -correction factor,

Yi1,2:

Yo

Y10 ="

Yiq 2

9.9 Load-sharing ratio, &y

(64)

The load-sH
Itis given b

3

gy =g

In Equation
(positive va
ignored. Fo

EN

o0 loe

For staticall
EN = 1,
9.10 Inert

The inertia
relatively lo

For staticall
than 2,0.

9.11 Calc

This quanti

y the following formulae:

aring ratio, €y, is used to calculate the proportion of the total load carried on the tooth being Janalysed.

(65), k is a positive integer which takes on successive values from 1 to.x.or y, generating all r
lues under the radical) in each series. Imaginary terms (negative values under the radical) s
I most designs, x and y will not be greater than 2.

cw

= load sharing ratio

o>
w

y loaded straight- and zerol-bevel gears:

D.

a factor, 7;

factor, Y;, allows for the lack of §moothness of the tooth action in dynamically loaded gea
v contact ratio, and is given as.follows:

Y

when ¢, <2,0, otherwise, ¥; =1,0

y loaded gears,stich as those in vehicle drive-axle differential gears, Y; equals 1,0 even when

Llated. effective face width, 5

yrevaluates the effectiveness of the tooth in distributing the load over the root cross-sectio

instantane

k=x k=y ]
Y \/[ng ~ 4kpe €08 Bup (kpet €08 By + 239) [P+ Y \/[ng ~ 4kpet0s By, (kpey©O8 Bup — 27,) |
k=1 k=1 ]

(65)
cal terms

hould be

(66)

(67)

rs with a

(68)

vy IS less

n, as the

is-ine-of contact frequently dossnot-extend-overthe-entire face widih- The following formulae

are used

to determine the value of the effective face width:

2
_bgyan 84 COS” fyp

&K

where

8K
mi

20

2
&n

llimetres.

(69)

is the projected length of the instantaneous line of contact in the lengthwise direction of the tooth, in
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For the toe increment:

Abi4

For the h

b-gk , 8012
2cos B, €0Sfn

2=

eel increment:

b- gk 2012

Abgy o = -

2cos B, coOs Sy

-3:2001(E)

(70)

(71)

Abig 2 =

Abjy 5 =

Abjq 2 =

Abgqp =

Abgq o =

Abeq 2 =

bee1

where b

10 Rel

10.1 G¢

The dyna

biy o when 4bjy o and Abgq , are both positive

b—gy

when Abjy 5 is positive and Abgq 5 is negative
COS Sm ‘ ’

when 4b{; 5 is negative and A4bg1 5 is positive
Abgq 2 when Abgq o and Ab{y » are both positive

b—gg
cos f,

when A4bgq 5 is positive and 4b{; 5 is negative

D when Abgq o is negative and 4bj 5 is positive

n Abiq 2 Abeq 2
= cos B, ——— | arctan — |+ arctan : +g
12 = AN1,2 m 180 { [ It 2 Nt 2 K
L1 2 is the calculated effective face width, in millimetres.

ative sensitivity factor_for allowable stress number, Y5 T

neral

mic sensitivity,factor, Y, indicates the amount by which the theoretical stress peak exceeds tt

stress niimber in the‘case of fatigue breakage. It is a function of the material and relative stress

sensitivit
or at test
used.

factor canybe calculated on the basis of strength values determined at unnotched or notched
gears.<f-more exact test results (method A) are unavailable, the methods described in this cla

(72)

e allowable

drop. The
specimens,
se shall be

10.2 Method B1

The determination of allowable tooth root stresses of bevel gears (and their virtual cylindrical gears) is based on the
strength values determined for both bevel and cylindrical test gears. Therefore, the relative sensitivity factor, Y§q T,
is the ratio between the sensitivity factor of the gear to be calculated and the sensitivity factors of the standard test
gear. Y5 T = Y5/YsT may be taken directly from Figure 8 as a function of ¢4 (see clause 7) of the gear to be
calculated and of the material.

© 1SO 2001 — All rights reserved
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14 /
- Completely insensitive >
YsrelT = Vs /Y51 to notches / [N/mm?]
A
13- / |\*“’ / 150
[N\ / ,“’/ GG / 330 /78
I \\ /I ’ N 4//
; >
| 4N~
12 )\ NT, NV
/ / ! 300 }
I / /. 7s
SN A
1.1 // V /VA e 600 ”
. 0
/ / ééé V. St_| 800
| —t— ]
== 1000
NEh
1,0
Z7 Completelyrsensitive
== to notches
ol 1 A
] 7 /
08 / /
0,12
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| | | | | | | | | | | | |
14 1,516 1.7 18 1,9 2,0 21 22 23 24 25 26
YSa
Figure(8)— Relative sensitivity factor in respect of standard-test-gear dimensions
for permissible stress number in respect of nominal bending stress

In calculating the relative sensitivity factor, Y5 T, the following equations, representing the course of the curves in

Figure 8, may be used.

1+4p' 2%

YsrelT =
1+yp 2%
1
,{X=§(1+2qs)

7¥=1,2 with g47 =2,5

22

(73)
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where

p’ is to be taken from Table 2 as a function of the material.

ISO 10300-3:2001(E)

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

Table 2 — Gliding thickness p’

No. Material Gliding thickness p”’
1 GG og = 150 N/mm?2 0,3124
2 GG, GGG (ferr.) og = 300 N/mm?2 0,309 5
3 NT, NV 05100 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., bain.) 00,2 = 500 N/mm?2 0,028 1
7 V, GTS, GGG (perl., bain.) 00,2 = 600 N/mm? 0,019 4
8 V, GTS, GGG (perl., bain.) 00,2 = 800" N/mm?2 0,006 4
9 V, GTS, GGG (perl., bain.) 00,2 =.1000 N/mm2 0,001 4
10 Eh 0,003 0

10.3 Method B2

This method is generally sufficiently exact for industrial gears. In the case of gears with g5 > 1,5 it is set[as:
YsrelT=1.0 (74)

For gs> 4,5 the calculation is on the safe side.

The reduction of the allowable-teoth root stress expected in case of ¢4 < 1,5 is accounted for by:
Ysre| T = 0,95 (75)

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

11 Relptive surface condition factor, YR eI T

11.1 General

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

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

WARNING — These methods are only valid if there are no scratches or similar defects deeper than 2 Rz.

©1S0 2001 — All rights reserved 23
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11.2 Method B1

The relative surface condition factor, YR e 1, determined by tests with test specimens, may be taken from Figure 9
as a function of roughness height and material. For the calculation, Equations (76) to (81) shall be used.

115

1.1 P
\
\

1,05

TRorel T
/
W/

GG, GGG (fer.), NT, NV
0,95 O
: Y s
A\l V., GGG (perl., bai.),
0,9 Eh, IE4foot)
1 2 3L 6810 20 pm 40

Rz

Figure 9 — Surface condition factor, Y 1, for permissible stress number relative to test-gear dimensions

Range Rz <|1 ym:

For through-hardened and case-hardened steels:

YRrel 7|7 1,12 (76)
For soft stegls:
YRrel T[F 1,07 (77)

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

YR rel TIF 1,025 (78)

Range 1 Hm < Rz < 40 pm:

For through-hardened and case-hardened steels:

YRrelT= ~R-=1,674 0,529 (Rz +1)"/"° (79)
YRT
For soft steels:
YRrelT = YY—R = 5,306 — 4,203 (Rz +1)'""%° (80)
RT
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For grey cast iron, nitrided, and nitro-carburized steels:

YRrelT = R = 4,299 — 3,259 Rz + 1) 81)
YRT
11.3 Method B2
For gears with a roughness height of Rz < 16 um at the root, it may generally be assumed that:
YRrelT=1,0 (82)

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

12 Size factor, Yx

12.1 Ge¢neral

The sizefactor, Yx, accounts for the decrease in strength with increasing size (size effect).
The main factors of influence for Yy are:

— tooth size;

— diameter of the part;

— ratio|of tooth size to diameter;

— areg of stress pattern;

— material and heat treatment;

— ratio|of case depth to tooth thickness.

If no tesf values of personal or 6ther proven experience are available, Yx may be approximated gccording to
Figure 1Q as a function of the normal module m,, and the material.

1 —‘
! \\ ! 1
LT XN IN—St, V, GGG (perl. bai.), GTS (perl.)
N\ q
0.9 AN >~
> i / —ER, If (root), NT, NV
0,8 Hi —
Reference stress 1 \\(——GG, GGG, (ferr.)
|
0,7 i
O |
02 10 20 30

Normal module m,,

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

12.2 Formulae

12.2.1 Structural and through-hardened steels, spheroidal cast iron, perlitic malleable cast iron
Yx = 1,03 — 0,006mmn, (83)

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

12.2.2 Casge, flame, induction-hardened steels, nitrided or nitro-carburized steels
Yx = 1,05 - 0,01mmp, (84)

with the res}riction 0,80 < Yx < 1,0

12.2.3 Grey cast iron
Yx = 1,075 - 0,015mmp, (85)

with the res}riction 0,70 < Yx < 1,0.

13 Life factor, Y'nT

13.1 Gene¢ral

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

The principgl influence factors for Yyt are:

— materigl and heat treatment (se€ 1SO 6336-5);
— numbef of load cycles (service life) N ;

— failure griteria;

— required smoothiness of operation;

— gear-materialicleanliness;

— material ductility and fracture toughness;

— residual stress.

For the purposes of ISO 10300, the number of load cycles N is defined as the number of mesh contacts, under
load, of the gear tooth being analysed. The allowable stress numbers are established for 3 x 106 tooth-load cycles
at 99 % reliability.

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

When using unity Yyt, use of the optimum conditions for material quality and manufacturing, together with an
appropriate safety factor, should also be considered.
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13.2 Method A (YNT-A)
The S-N, or damage, curve derived from facsimiles of the actual gear is determinant for the establishment of limited

life. Under such circumstances, the factors Y ¢ T, YR rel T @nd Yx are, in effect, already included in the S-N/damage
curves, and therefore 1,0 is to be substituted for each in the calculation of permissible stress.

13.3 Method B (YNT-B)

13.3.1 General

For this NT valuation of
permissible stress for limited life or reliability. The factors Y5 e T, YR rel T @nd Yx are not included, ahd thus the
modifying effect of these factors on limited life shall be considered (see ISO 6336).

13.3.2 Graphed values

Graphed|values of YT may be read from Figure 11 for the static and endurance strengthis 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 surfage-hardened and nitride-hardened steels, or curves of yield stress for-structural and through-hardened
steels.

13.3.3 Determination by calculation

The data| of life factor, YN, for static and endurance strengths shall:be taken from Table 3. Yyt for limitdd-life stress
is deternmined by means of interpolation between the values for endurance and static strength limits. (Evaluation of
YNt is described in 1ISO 6336.)

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

3,0
V( GGG(peri bat)
GTS(pert)
2,5
Eh.IF (pied) \\
R i
2, 0L i
- NTV (e \
< 1,8 GGG(ferr) \
- 631
g1 B2 "N \\
3} ’ . N N\,
ug \”. \ \
o 1,4 NCTS
3 X N
h2 NVinitrocar)
.
| :
0,8 T

102 10° 104 10° 108 107 108 109 10'0
Number of load cycles, N,

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

Material Number of load cycles, N Life factor, Yyt
N_ < 104, static 2,5
v, N_ = 3 x 106, endurance 1,0
GGG (perl. bai.), N_ =101, endurance 0,85
GTS (perl.) ) B )
Optimum conditions; material, 1,0
manufacturing, and experience
N_ < 108, static 2,5
N_ =3 x 106, endurance 1,0
Eh, IF (root) N_ =107, endurance 0,85
Optimum conditions; material, 1,0
manufacturing, and experience
N_ < 103, static 1,6
St, N_ = 3 x 106, endurance 1,0
NTV (nitr.), N_ =101, endurance 0,85
GG, GGG (ferr.) . " .
Optimum conditions; material, 1,0
manufacturing, and experience
N_ < 108, static 1,1
N_ =3 x 106, endurance 1,0
NV (nitrocar.) N_ = 1070 endurance 0,85
Optimum®conditions; material, 1,0
manufacturing, and experience
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Annex A
(normative)
Bevel gear adjustment factor, Y, — Method B2
A.1 General
This norpative annex specifies two possibilities for the use of the bevel-gear-adjustment factof,\YA, the factor
needed tp adjust the results of method B2 to the results of method B1. Without this adjustment the’stress numbers
for the npminal stress in bending of the test gears according to ISO 6336-5 may not be used)-T'he usgr of method
B2, shalllquote the derivation of Ya.
A.2 Preliminary value for adjustment factor, Y,
As a preljminary value:
Ya1,2=12 (A.1)
may be Used.
This value of Yo was determined for gears with. .44, =5mm and with normal propdrtions, i.e.
o = 20°] B = 35°, z¢4 = 15 and carburized material.
A.3 Cdmplex Equation for adjustment factor, Y,
The main difference between method B1 and*B2 is that B2 covers not only bending stress but also dompression
stress [cpmpare Equation (9) and Equation (62)]. The tooth-form factor according to method B2 can be looked
upon as the difference between bending:stress factor, Yg, and compression-stress factor, Y¢:
- e (YB1,2 - Yc1,2) (A-2)
Y14 mmn
where
3Nt 2
YB1p = Mmp—— (A.3)
25N1,2
tanam,z
Ye12 =Mmmp ——— (A.4)
25N1,2
with
Y12 see Equation (62)

hn12 see Equation (59)

SN1,2

see Equation (58)
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