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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proceglures used to develop this document and those intended for its further maintenange
described in the ISO/IEC Directives, Part 1. In particular the different approval criteria neededfor
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2. www.iso.org/directives
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Introduction

When ISO 10300:2001 (all parts, withdrawn) became due for (its first) revision, the opportunity was
taken to include hypoid gears, since previously the series only allowed for calculating the load capacity
of bevel gears without offset axes. The former structure is retained, i.e. three parts of the ISO 10300
series, together with ISO 6336-5, and it is intended to establish general principles and procedures for
rating of bevel gears. Moreover, ISO 10300 (all parts) is designed to facilitate the application of future
knowledge and developments, as well as the exchange of information gained from experience.

In view of the decision for ISO 10300 (all parts) to cover hypoid gears also, it was agreed to include a

sepprate clause: “Gear flank rating formulae — Method B2” in this part of ISO 10300, while
method B was renamed method B1. So, it became necessary to present a new, clearer strud
thr¢e parts, which is illustrated in ISO 10300-1:2014, Figure 1. Note, ISO 10300 (all‘part
preferences in terms of when to use method B1 and when method B2.

if part of ISO 10300 deals with the failure of gear teeth by pitting, a fatigue phenomenon. Tw
itting are recognized, initial and destructive pitting.

In applications employing low hardness steel or through hardened steel, initial pitting freque
durfng early use and is not deemed serious. Initial pitting is characterized by small pits wl
exténd over the entire face width or profile depth of the affectedytooth. The degree of aqg
of ipitial pitting varies widely, depending on the gear application. Initial pitting occurs i
ovefstressed areas, and tends to redistribute the load by progressively removing high cor
Gerjerally, when the load has been redistributed, the pitting stops.

In applications employing high hardness steel and casegarburized steel, the variety of pitting
is upually destructive. The formulae for pitting resistance given in this part of ISO 10300 are
assist in the design of bevel gears which stay freefrom destructive pitting during their desig
addjitional information, see ISO/TR 22849[4]).

The basic formulae, first developed by Hertz for the contact pressure between two curve
been modified to consider the following four items: the load sharing between adjacen|
posijtion of the centre of pressure op-the tooth, the shape of the instantaneous area of cont3
load concentration resulting from.m@nufacturing uncertainties. The Hertzian contact press
as the theory for the assessment of surface durability with respect to pitting. Although all p
a gdar mesh are not satisfied(by Hertzian relations, their use can be justified by the fact that
material, the limits of the Hertzian pressure are determined on the basis of running tests

whilch include the additional influences in the analysis of the limit values. Therefore, if the 1
within the applicationrange, Hertzian pressure can be used to convert test gear data to gear
typps and sizes.
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Calculation of load capacity of bevel gears —

Part 2:
Calculation of surface durability (pitting)
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Scope

heity of straight and helical (skew), Zerol and spiral bevel gears including hypoid gear's, and
he influences on surface durability for which quantitative assessments can(bé¢ made. T|

Il times.

formulae in this part of ISO 10300 are based on virtual cylindrieal-gears and restrict

's whose virtual cylindrical gears have transverse contact ratios.of eyq < 2. The result
hin the range of the applied factors as specified in ISO 10300-1(see ISO 6336-2[11). Addit]
n relations are valid for bevel gears of which the sum of profile shift coefficients of pinion
ero (see ISO 23509).

formulae in this part of ISO 10300 are not directly.applicable to the assessment of ot
I tooth surface damage, such as plastic yielding, scratching, scuffing or any other type n

RNING — The user is cautioned that when the formulae are used for large average ni
les (Bm1+Pm2)/2 > 45°, for effective pressure angles ae > 30° and/or for large f3
13 mpy,p, the calculated results of ISO 10300 should be confirmed by experience.

Normative references

following documents, in whole or in part, are normatively referenced in this docume

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

10300-1;2044, Calculation of load capacity of bevel gears — Part 1: Introduction and gener
ors

10300-3, Calculation of load capacity of bevel gears — Part 3: Calculation of tooth root stre

5 part of ISO 10300 specifies the basic formulae for use in the determination ofythe sfyirface load

comprises
his part of

10300 is applicable to oil lubricated bevel gears, as long as sufficient lubricantis present jn the mesh

bd to bevel
s are valid
ionally, the
and wheel

r types of
specified.

ean spiral
ce widths

nt and are

spensable to its application. For dated references, only the edition cited applies. F¢or undated
rences, the latest edition of the referenced document (including any amendments) appligs.

wn

f materials

nl influence

ngth

23509, Bevel and hypoid gear geometry

Terms and definitions

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

31

pitting
material fatigue phenomenon of two meshing surfaces under load
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3.2

nominal contact stress

OHO

contact stress calculated on the basis of the Hertzian theory at the critical point of load application for
error-free gears loaded by a constant nominal torque

3.3

contact stress

OH

determinant contact stress at the critical point of load application including the load factors which
consider static and dynamicloads and load distribution

3.4
allowable|stress number
OH,lim
maximum [contact stress of standardized test gears and determined at standardized operafing
conditions] as specified in ISO 6336-5
3.5
permissiblle contact stress
OHP
maximum fontact stress of the evaluated gear set including all influence factors
4 Symbols, units and abbreviated terms
For the purlposes of this document, the symbols and units given,in [SO 10300-1:2014, Table 1 and Table 2,
as well as the following abbreviated terms, apply (see ISO 6336-5).
Table 1 — Abbreviated terms
Abbreviafed term Material Type
St Wrought normalized low carbon steels
Normalized low carbonsteels/cast steels
St (cast) Cast steels
GTS (perl) Black malleable cast iron (perlitic struc-
ture)
GGG (perl,, bai, ferr) Castiron nfaterials Nodular cast iron (perlitic, bainitic, ferrific
structure)
GG Grey castiron
\ Through hardened wrought steels Carbon steels, alloy steels
V (cast) Through hardened cast steels Carbon steels, alloy steels
Eh Case-hardened wrought steels
IF Flame or induction hardened wrought or
cast steels
NT (nitr.) Nitrided wrought steels/nitriding steels/ ~|Nitriding steels
NV (nitr.) through hardening steels, nitrided Through hardening steels

NV (nitrocar.)

Wrought steels, nitrocarburized

Through hardening steels

© ISO 2014 - All rights reserved
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5 Pitting damage — General aspects

5.1 Acceptable versus unacceptable pitting

When limits of the surface durability of the meshing flanks are exceeded, particles break out of the flank,
thus leaving pits. The extent, to which such pits may be tolerated, in terms of their size and number,
varies within wide limits which depend largely on the field of application. In some fields, extensive
pitting is acceptable; in others, no pitting is acceptable. The descriptions in 5.2 and 5.3 are relevant
to average working conditions and give guidelines to distinguish between initial and destructive, and
acceptable and unacceptable, pitting varieties.

5 generally
s enlarged
Ig), or even
is dispute

A lillear or progressive increase in the total area of pits (linear or progressive pitting)’
conkidered to be unacceptable. However, it is possible that the effective tooth bearing@yea
by initial pitting, and the rate of pit generation subsequently decreases (degressjve lpittin
ceases (arrested pitting), and then may be considered tolerable. Nevertheless, whefe there
ovef the acceptability of pitting the next subclause shall be determinant.

5.2| Assessment requirements

Pitt
unc
are
sha
har
pitt

ing involving the formation of pits which increase linearly orvprogressively with
hanged service conditions shall be unacceptable. Damage assessment shall include the e
h of all the tooth flanks. The number and size of newly developed pits in unhardened t
1 be taken into consideration. Pits are frequently forme@ on just one, or only a few, of
Hened gear tooth flanks. In such circumstances, assessmeént shall be centred on the flan
ed.

tire active
oth flanks
he surface
ks actually
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th suspected of being especially at risk should be marked for critical examination if a quantitative

uation is required.
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th;f;‘ times. The first time, however,.thé examination should take place only after at least
of 1pad. Depending on the results of prévious examinations, further ones should be carried

per
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(for

pecial cases, it is possible that a first, rough'assessment can be based on considerations o
tity of wear debris. But in critical cases, the condition of the flanks should be examir

od of service.

bn deterioration caused by pitting is such that it puts human life in danger, or poses a ri
e consequences, the pittihg shall not be tolerated. Due to stress concentration effects, a

ack which could lead’'to tooth breakage; for this reason, such a pit shall be considered un
example, in aerospace transmissions).

Si

ilar considerations should be taken into account in respect of turbine gears. In general,

[ the entire
ed at least
106 cycles
out after a

sk of other
bit of 1 mm

iameter near the fillet of a through hardened or case hardened gear tooth can become the origin of

acceptable

during the

ear should
e dynamic
brobability

long life (1010)to 1011 cycles) demanded of these gears, neither pitting nor unduly severe w
be qonsidered acceptable as such damage could lead to unacceptable vibrations and excessiy
loads.Appropriately generous safety factors should be included in the calculation: only a low
of failure shall be tolerated.

In contrast, pitting on the operating flanks may be tolerated for some slow speed industrial gears with
large teeth (e.g. module 25) made from low hardness steel, which can safely transmit the rated power for
10 years to 20 years. Individual pits can be up to 20 mm in diameter and 0,8 mm deep. The apparently
“destructive pitting”, which occurs during the first two or three years of service, normally slows down.
In such cases, the tooth flanks become smoothed and work hardened to the extent of increasing the
surface Brinell hardness number by 50 % or more. For such conditions, relatively low safety factors (in
some, less than 1) may be chosen, with a correspondingly higher probability of tooth surface damage.
However, a high safety factor against tooth breakage shall be chosen.
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5.3 General rating procedure

There are two main methods for rating the surface durability of bevel and hypoid gears: method B1 and
method B2. They are provided in Clause 6 and Clause 7, while Clause 8 contains those influence factors
which are equal for both. Although methods B1 and B2 use the same basis of calculation, the calculation

procedure

is unique to each method.

With both methods, the capability of a gear tooth to resist pitting shall be determined by the comparison
of the following stress values:

— contact stress oy, 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 contact st
formula (see 6.1 and 7.1);

— permissible contact stress oyp, based on the endurance limit for contact stress, opyinf, and
effect pf the operating conditions under which the gears operate, expressed by the permisdible
contacft stress Formulae (14) and (22) (see 6.2 and 7.2).

The ratio df the permissible contact stress and the calculated contact stress is the safety factor Sy.

value of thg

minimum safety factor for contact stress, Sy min, should be 1,0. For fulrther recommendat

on the choice of this safety factor and other minimum values, see ISO 10300-1;

Itisrecom

6 Gear

6.1 Conf
The calcul
distributed

for pinion :
side flank

OH-B1 7

with load f]

flank rating formulae — Method B1
ract stress formula
htion of pitting resistance is based on the(¢ontact (Hertzian) stress, in which the loa

ind wheel together; however, in case ofhypoid gears separately for drive (suffix D) and c
suffix C):

F010-B1y K AKvKupKyo <Oypip1

pctors Ka, Ky, Kup, Kna as specified in ISO 10300-1.

€SS

the

The
ons

nended that the gear designer and customer agree on the valge of the minimum safety fagtor.

d is

along the lines of contact (see ISO 10300-1:2014, Annex A). Calculations are to be carried|out

ast

M
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The nominal value of the contact stress is given by:

F
Oyo-81=,|7———Zm-BZ1sZEZK (2)
Ibmprel

where Fy, is the nominal normal force of the virtual cylindrical gear at mean point P:

F,
Fn — mtl (3)
cosa, cos fB1

with

Oy =0y = generated pressure angle for drive side in accordance with ISO 23509;
o, =0,c = generated pressure angle for coast side in accordance with ISO 23509;

lbm is the length of contact line in the middle of the zone of action.as specified in
ISO 10300-1:2014, A.2.7;

Prel is the radius of relative curvature vertical to the contactline as specified in
ISO 10300-1:2014, A.2.8;

ZMm-B  is the mid-zone factor which accounts for the.conversion of the contact stress|deter-
mined at the mean point to the determinant.position (see 6.4.1);

ZLs is the load sharing factor that considersthe load sharing between two or morje pairs of
teeth (see 6.4.2);

ZE is the elasticity factor which aceéunts for the influence of the material’s E-Mofdule and
Poisson’s ratio (see 8.1);

ZK is the bevel gear factor, which accounts for the influence of the bevel gear geometry (see
6.4.3).

The determinant position of loadiapplication is:
a) [the inner point of single tooth contact, if eyg = 0;
b) |the midpoint of the-zone of action, if eyg = 1;

c) |interpolation®étween a) and b), if 0 < &yg < 1.

© IS0 2014 - All rights reserved 5
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6.2 Permissible contact stress

The permissible contact stress shall be calculated separately for pinion (suffix 1) and wheel (suffix 2):

OHP-B1 = OHJlim ZNTZXZ1LZvZRZWZ hyp 4)
where
OH,lim is the allowable stress number (contact), which accounts for material, heat treatment,
and surface influence at test gear dimensions as specified in ISO 6336-5;
ZNT is the life factor (see 8.4), which accounts for the influence of required numbers df.
cycles of operation;
Zx is the size factor (see 6.5.1), which accounts for the influence of the tooth Size, given by
the module, on the permissible contact stress;
Z1, Zy, ¥R are the lubricant film factors (see 8.2) for the influence of the lubyication conditionk;
Zw is the work hardening factor (see 8.3), which considers the hardening of a softer wheel
running with a surface-hardened pinion;
ZHyp is the hypoid factor (see 6.5.2), which accounts for thelinifluence of lengthwise slidipg
onto the surface durability.
6.3 Calculated safety factor for contact stress
The calculated safety factor for contact stress shall be-checked separately for pinion and wheel, if{the
values of pprmissible contact stress are different:
Oyp-
SH-B1 T~ > Sy min (5)
OH-B1
where Sy rhin is the minimum safety fagtor; see 5.2 of ISO 10300-1:2014 for recommended numeijical
values for fhe minimum safety factoreorthe risk of failure (damage probability).
NOTE Formula (5) defines therelationship of the calculated safety factor, Sy, with respect to contact styess.
A safety factor related to the transferable torque is equal to the square of Sy.
6.4 Confact stress factors
6.4.1 Mid-zone factor, Zy-p
The mid-zgne'factor, Zu-p, considers the difference between the radius of relative curvature pye| atjthe
mean poing and at the critical point of load application of the pinion. The radius p| at the mean ppint

P can directly be calculated from the data of the bevel gears in mesh (see ISO 10300-1:2014, Annex A).
For the conversion to the critical point of mesh, the corresponding virtual cylindrical gears are used.
Depending on the face contact ratio it can be the inner point of single contact B of the pinion (eyg = 0)
or point M in the middle of the path of contact (eyg = 1) or a point interpolated between B and M for
0 < &yg <1 (see Figure 1). The comparison with the results of tooth contact analyses shows a good
approximation for bevel gear as well as for hypoid gear sets.

ATTENTION — For hypoid gears, the mid-zone factor should be determined for both, drive and
coast flank, separately.

© ISO 2014 - All rights reserved
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The schematic view of a cylindpical gear set in transverse section shows the line of action bejng tan-
geng to both base circles dyp/and dypy of pinion and wheel. The tip circles dya2 and dya1 interfsect the
ling of action in points, A\and E, which define the path of contact. In between there are pitch point C,
midpoint M and inner*peint of single contact B, for which different radii of profile curvature pre speci-
fied: pc1,2, pm1,2, B2, the basis for Formula (6)

Fjgure = Radii of curvature at midpoint M and inner point of single contact B of thie pinion
for determination of the mid-zone factor, Zy.p

The mid-zone factor, Zy-g, is calculated by Formula (6):

tana
ZM-B — vet (6)

2 2
gval _1_F1L . ZVSAZ _1_F2L
vb1 Zy1 vb2 Zy2

The auxiliary factors F1 and F; for the mid-zone factor are given in Table 2.

© ISO 2014 - All rights reserved 7
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Table 2 — Factors for calculation of mid-zone factor, Zy.p

Parameters F1 F>
evp=0 2 2 (eva- 1)
O<eyp<1 2+ (eva— 2) evp 2eyq =2+ (2 - &ya) Evp
evp21 Eva Eva

6.4.2 Load sharing factor, Z s

; ; —Fhat
factor determines the maximum portion of the total load which affects one tooth. Theoad

distributiopn along each contact line in the zone of action is assumed to be elliptical. The atea, 4, of
each semi-gllipse (see Figure 2) represents the load on the respective contact line, and the stm of all

areas over|all contact lines being simultaneously in mesh, represents the total load onthe gear [set.
Additionally, the distribution of the peak loads, p, over the line of action is assumed to.follow a parabola
(exponent ). On this basis, the maximum load over the middle contact line divided by-the total load|is a
measure fdr load sharing.

NOTE IIn this context, contact line means the major axis of the Hertzian contact.€llipse under load.

S*=f1f max

P* =P/ pmax /

Key
a  Parabolic distribution of peak loads.
b Ellipticfl load distribution.

¢ Contact lines sinfultaneously in mesh.

Figure 2 — Load distribution in the contact area

For easier calculation, dimensionless parameters related to their maximum values are used (marked
by *) for the peak load, p, and the distance, f, of the relevant contact line from the centre of the zone of
action.

Related peak load p* is given by:

e
pr=—t=1- i =1-
Pmax |fmax|

with fgiven in Table A.2 of ISO 10300-1:2014, and exponent, e, given in Table 3.

e

(7)

f*

8 © ISO 2014 - All rights reserved
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The related area, A*, is calculated by the formula of an ellipse whose major axis is half the length of the
contact line I, and whose minor axis is given by the related peak load p*:

Related area A*:

a=Lpz 8)
4
with Iy, in accordance with A.2.7 of ISO 10300-1:2014.

Table3—E ‘ leulation of balic distribution of neak loads_o*

Profile crowning Exponent e
low (e.g. automotive gears) 3
high (e.g. industrial gears) 1,5

Thd ratio, V, of maximum load over the middle contact line and total load canbe expressed bj:

A*
V= * *m * (9)
A +A L +A

As the contact stress is a function of the square root of load, this‘is necessarily also applied fo the ratio
of the maximum load and the total load, when determining the load sharing factor Zis:

A*
A +A L +A .
whére
A is the area above the tip contact linie,
t

where p*, Iy shall be calculated with f; according to ISO 10300-1:2014, Table A.2;
A*nl is the area above the.middle contact line,

where p*, Ipshall be calculated with fy, in accordance with ISO 10300-1:2014, Tablg A.2;
A* is the dgea above the root contact line,

where p*, Iy shall be calculated with f in accordance with ISO 10300-1:2014, Table|A.2.

6.4.3 Bevel gear factor, Zx

The factor Zx is an empirical factor which accounts for the differences between cylindrical and bevel
gears in such a way as to agree with practical experience. It is a stress adjustment constant which
permits the rating of bevel gears, using the same allowable contact stress numbers as for cylindrical
gears.

A reasonable approximation for Zx is given in Formula (11):

Zg=0,85
(1)

© ISO 2014 - All rights reserved 9
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6.5 Permissible contact stress factors

6.5.1 Siz

e factor, Zx

Factor Zx accounts for statistical evidence indicating that the stress levels, at which fatigue damage
occurs, decreases with an increase in component size. This results from the influence of lower stress
gradients on subsurface defects (theoretical stress analysis) and of gear size on material quality (effect
on forging process, variations in structure, etc.). The main influence parameters related to the size

factor are:
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‘tor, Zx, shall be determined separately for pinion and wheel. However, redsonable size fac
th have not yet been established. So, in this clause (i.e. Clause 6 on gear. flank rating formu
), the size factor is set equal to unity (Zx1,2 = 1) for most gears, provided a proper choid
made.

poid factor, Zyyp

eneral

carried out on series of bevel gears with increasing relative hypoid offset values are]. T]
the permanent transmissible torque increases\from zero offset to typical offset values,

DIre-

[OT'S
lae:
e of

hey
but

hgain at very high offset values. The Hertzian pressure caused by the respective perma

ly with increasing offset. The only interpretation seems to be that higher sliding veloc
llowable contact stresses on the flank. Rising contact temperatures and debasing lubri
pments are regarded as main reasons for this lowering effect.

realize this effect, different components of velocities in the mean point have to be conside
velocity parallel to the cofitact line, vg par, which is unfavourable for the temperature and
ckness, and the sum of(velocities vertical to the contact line, vy yert, which is advantagg
film. For bevel gears(without offset, vg par is negligably small compared to vy yert, whilg

hypoid gedrs, both componentSincrease with the offset value, but vg par more than vy yert. So, the |
of both components is an indicator for the different temperature and oil film behaviour of hypoid gg

in comparison to cylindrieal gears and bevel gears without offset. To consider this effect in the raf

formula for surface dirability the hypoid factor, Zyyy, is included in method B1.

NOTE

In this.context, contact line means the major axis of the Hertzian contact ellipse under load.

ent
ble torque has its maximum on bevel gearsiwithout offset; however, this pressure decre}tses
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The follow|rig-empirical equation for the hypoid factor, Zyyp, was derived from test results:

Zyyp =

where

v
1-0,3 | &% 0,15
VZ,Vert

the range of validity is given by: 0,6 < Zyyp, < 1,0; for bevel gears without offset, Zyyp = 1,0;

Vg, par

V3 vert

10

is the sliding velocity parallel to the contact line;

is the sum of velocities vertical to the contact line.

(12)
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In order to evaluate the different velocities, Figure 3 shows both tangential velocities vipt1 and vt as
well as the sliding velocity, vg, for a hypoid gear pair with X < 90°:

Key]

B wWw N R

6.5
The

whg

pinion axis
wheel axis
pinion flank
wheel flank

Figure 3 — Tangentialelocities in the mean point P

2.2 Sliding velocity

sliding velocity parallel to the contact line, as shown in Figure 4, is derived from:

Vg =Vine1 €OSByy (tanfy,=tanfy,;)

Vg par =Vg cos|ﬁB|

re
Vg isithe sliding velocity in the mean point P;

PB4 Yis the inclination angle of contact line as specified in ISO 10300-1:2014, Formula (4

\.36).
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Key
1 contact

line.

2 trace of
3  pinion

Figure 4 — Sliding velocity vertical and parallel to the contact line in the méean point P

6.5.2.3 §

The sum of
Vsh = |

with o, =
On =0nc §

The sum of

Vsl =

According
Vy = \/;

the inclina

a)E:

the sum of

pitch cone
lank

um of velocities
velocities in profile direction is:

2 Vi1 €08 By sinay,

x,p generated pressure angle for drive side (see IS0<23509);
enerated pressure angle for coast side (see [SO 23509).
velocities in the lengthwise direction is:

sinf3;,2c0s 31 ]

cosf 2

Y mt1 (Sinﬂml +
Lo Figure 5, the sum of velocitiés results from:
Fh VI

fion angle of the suwr of velocities vector from:

v
Arctan ~Zh
Vsl

velacities vertical to the contact line derives from:

15)

16)

17)

18)
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Vs vert = VxS (Ws +|Op])
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Figure 5 — Sum of velocities verticaland parallel to the contact line in the mean p

Gear flank rating formulae’— Method B2

Contact stress formula

ulations are to be earried out for pinion and wheel together; in case of hypoid gears, gen
drive side is considered:

On-B2 = OnoB2y KaAKyKnp -Za <Oyp.p2

pIre

oint P

erally only

(20)

the load factors Kj, Ky and Kyg are specified in ISO 10300-1;

©IS

Zp  isthe contact stress adjustment factor (see 7.4.4).
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The nominal value of the contact stress is:

2
CHo.57 = FoudmiZrw | 22 7y 21)
b,Z; deyzq

where
Fmt1  is the nominal tangential force of the pinion (see ISO 10300-1:2014, Clause 6);

dm1 is the mean pitch diameter of the pinion;

Zrw | is the face width factor (see 7.4.3);

de2 is the outer pitch diameter of the wheel;

by is the face width of the wheel;

Z1,2 is the number of teeth of pinion and wheel;

VAl is the pitting resistance geometry factor (see 7.4.2);

VA is the elasticity factor (see 8.1).

7.2 Permissible contact stress

The permissible contact stress is calculated separately for pixion (suffix 1) and wheel (suffix 2):

Onp-B2[F OHlimZNTZLZvZRZ W 22)
where
OH,lim is the allowable stress number {contact), which accounts for material, heat treatment,

and surface influence at test'gear dimensions as specified in ISO 6336-5;

ZNT is the life factor, whiclraccounts for the influence of required numbers of cycles of
operation (see 8.4);

Z1,, Zy, ¥r are the lubricantfilm factors (see 8.2) for the influence of the lubrication conditions;

Zw is the work hardening factor (see 8.3), which considers less hardening of the softer
wheel rufining with a surface hardened pinion.

7.3 Calculated safety factor for contact stress

The calculated safety factor for contact stress shall be checked separately for pinion and wheel, if the
values of permissible contact stress are different:

OHP-B2

SH-B2 > SH,min (23)

where Sy Jim is the minimum safety factor; for recommended values, see 5.2 of ISO 10300-1:2014.

NOTE Formula (23) defines the calculated safety factor Sy with respect to contact stress. A safety factor
related to the transferable torque is equal to the square of Sy.
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Contact stress factors

1 General

Attention — In 7.4, a base unit of one diametral pitch, 1,0/met2, is used in the formulae.

7.4.

7.4.

2 Pitting resistance geometry factor, Z;

2.1 General

The geometry factor evaluates the relative radius of curvature of the mating tooth flan
load sharing between adjacent pairs of teeth at that point on the tooth surfaces where’the
contact pressure reaches its maximum value. The formulae in 7.4.2.2 and 7.4.2.3 should b

ks and the

calculated

b used; see

[SO|10300-1:2014, B.2. Because of the complexity of the calculation, computerization is recommended.

AN$I/AGMA 2003-C10(3] provides graphs for bevel gears that may be used tosdetermine th

fac
hyp

7.4
Thd

wit

Thd

ith (fm1 — A1) as defined in Formula/(24).

or, Z1, whenever the gear parameters correspond to those in the graphsi €orresponding
oid gears may be taken from AGMA 932-A05.[6]

2.2 Initial formulae

angle between contact direction and tooth tangent in pitch-plane:

cos ¢
(B R —t
CO (ﬁnﬂ 1) cos B4 €os [ tan (ﬁm1 _lr) ke

N (fm1 — Ar) as specified in ISO 10300-1:2014, Formula (B.13).

angle between projection of pinion axis and“direction of contact in pitch plane is given b

11 =ﬁm1 _(ﬁm1 _A1>

angle of contact line relativeto the root cone is given by:

sin o 4 tan (=4, )
COS\%}im

tanw =

vith oz = adjusted pressure angle, see ISO 10300-1:2014, Formula (B.14).

e geometry

graphs for

(24)

(25)

(26)
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Mean base spiral angle:
1,0
cos By = (27)
\/tanz (Bt =2 ) cosor 5 +1,0
Relative mean normal base pitch:
T Mg, COS O, COS
Prp = mn a lﬁbm (28)
Meto Cos(ﬁm - r)

The angle hetween projection of wheel axis and direction of contact in pitch plane is given by:

A2=(ﬂm1_lr)_ﬁm2 29)
Relative bgse face width:

b
b, = 172 30)
mf, cosA,
Pressure apgle at point of load application:
2
Tva12~Tvn12) €0S“ B2
COSO 4| =COS, 1,0—( LB LLL ) me 31)
Na12 —Tvn12 +Rmpt1,2
Radius of qurvature difference between point of load application-and mean point:
Mva12 ~Tvn12 +Rmpt1,2
Pa12 = 3 cosau’z(tanau,z —tanaa) 32)
cos“B1,2

Radius of qurvature change:

P ared ={€0S Bom (P a1+ Pa2) 33)
Relative length of action within the contact ellipse is given by:

2 2 2 .2

In :\/)Ared cos*Bpm + by sint Py, 34)
7.4.2.3 Radius of relative profile curvature, po, and load sharing ratio at critical point, ey
The critical point ontlie tooth surface occurs when the contact line passes through a point at a distahce,
y1, from th¢ midpeint of the length of action. The value of yj is chosen to produce the minimum valde of
Z1 which cqrresponds to the point of maximum contact stress.
e

tooth contact on the pinion, in which case:

Y1=0,59von —Pnb (35)

In this case, the geometry factor, Z, is calculated using Formulae (36) to (45) without iteration.
b) For spiral bevel and hypoid gears, it is necessary to start an iteration procedure:

As initial value y; = 0 is assumed and Zj is calculated using Formulae (36) to (45).
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Length of action at critical point in contact ellipse:

g1 =195~ 4.0y{ (36)

Length of action considering adjacent teeth:

3
Q%IZ:g%I"'\/[grz]l_410pnb(pnb+2JOJ’I):| +\/[9nl 4,0pnp (Prp — 2,0y J

" o (2 0 Nk
OFTTH Bt 5P 283 TH (37)

3 3
"‘\/[grz]l_16'Opnb(4'0pnb+2'OYI):| +\/[gfn—16,0pnb(4'0pnb—2.0y|)}

Notg, in Formula (37), if any square root term is negative, it shall be set to zero.

Load sharing ratio:
ENI = g%l/g?]lz (38)
Lenigth of contact line:
I = Gni P Ared JH/QTZ] (39)

Posjtion change along path of contact:

2
. 0,5
gnA = pAreéj 4 +k gctanﬂbm + P ared —Pad (4‘0)
I cosBym

whére k is the contact shift factor as specified in ISO 10300-1:2014, B.5.

Intgrmediate value:

_ sin®w cosay;,, cos ({g=A4) cosi,

h (41)
sin®( By — A4 )sine, coslg
Profile radius of curyvature:
P12 = RpuzXE Ina (42)
Relative radiirs of profile curvature between pinion and wheel:
p{= _Pi1P2 (43)
P1TP2
The inertia factor, Z;, is determined depending on the modified contact ratio, Eyyt
a) fore,, <2,0:
Z,= 2,0/8\,7, (444a)

b) fore,, >2,0:

© ISO 2014 - All rights reserved 17
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Z;=1,0 (44b)
Pitting resistance geometry factor:

7= Jc Pt COSOy My (45)

by, 21 Zj eNj Metp

Formulae (36) to (45) shall be recalculated by stepping yj in both directions until a minimum of Zj is
found.
End of iterfifion
7.4.3 Fag¢e width factor, Zpw
The face width factor, Zrw (see Figure 6), reflecting non-uniformity of material propexties, depgnds

primarily ¢
— tooth 3
ratio o
face w
areao

materi

Although t

in the equations for permissible stress, it is more practicable to include it in the equations for calculz

stress as if
using a wi

n:
ize (diameter of part);

f tooth size to diameter of part;
dth;

stress pattern;

al characteristics.

he face width factor is a function of the strength:of the material and therefore should apy

done in method B2. Then, it is possible toprepare S-N-diagrams from experimental (
le range of gears with varying tooth sizes. Otherwise, one would be limited to using g¢

ear
ted
lata
bars

of only on¢ tooth size. The face width factor for pitting resistance of bevel gears, without sufficjent
experience, is determined as a size factor being dependent on the face width:
a) forby £12,7 mm:

ZFW = ),5 (z 6a)
b) for 12,y <by <79,8 mm:

Zpw =0,00492b, +0,4875 (46b)
c) for by 79,8 mn;

ZFW ZT,83 (46(:)
18 © ISO 2014 - All rights reserved
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Figure 6 — Face width factor, Zry

4 Contact stress adjustment factor, Zp

contact stress adjustment factor Z, adjusts the calculation results of method B2 s
fact stress numbers in ISO 6336-5 can be uséd. The determination of Z4 is based on the @
S0 6336-5 MQ grade carburized case hatrdened steel which has an allowable stress
DO N/mm?2, to the equivalent ANSI/AGMA 2003-C10[5] grade 2 case hardened steel, wh
wable stress number of 1 550 N/mmZ:

ce it follows for carburized case hardened steel that:
Z 5 =0,967

other specific materidls and qualities, Zp shall be calculated by taking the ratio of th¢
fact stress numberin ISO 6336-5 to equivalent ANSI/AGMA 2003-C10[5] steel.

o that the
omparison
number of
ich has an

(47)

allowable

©IS
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8 Factors for contact stress and permissible contact stress common for method
B1 and method B2

8.1 Elasticity factor, Zg

The elasticity factor, Zg, accounts for the influence of the material specific quantities E (modulus of
elasticity) and n (Poisson’s ratio) on the contact stress.

Zg= (48)

For E1 = E9|= E and v1 = v = v, Formula (49) applies:
ZE = -LZ 49)
27'[(1—\/1)

For steel and light metal v = 0,3 and thus:
Zg = \/];,175 E 50)

For a steel pn steel gear pair:

Z; =149,8 (N/mm?)1/2 51)

If a pair of gears is made from materials having modules;of elasticity, E1 and E, E should be determined
by:

— 2E1E2

E=22
E\fE,

52)
For Zg of sqme other gear pair material$;sée 1SO 6336-2.[1]

8.2 Lubricant film influence factors, 71, Z,, Zr

8.2.1 Geheral

The influences on the Jubricant film between the tooth flanks are approximated by the factors Zi|(oil
viscosity), Vv (tangential speed) and Zg (flank roughness). Figures 7 to 9 show the ranges of these three
influence factorssin“addition, the scattering (spread of values) indicates that there are other facfors
besides th¢ threg, not accounted for in the assumptions.

NOTE

8.2.2 Restrictions

When there are no comprehensive experiences or test results (method A), Z, Z, and Zg shall be
determined separately according to method B (see 8.2.3). However, in many cases, in fact for most
industrial gears, the shorter method, i.e. method C (see 8.2.4), may be used instead. When a gear pair
consists of one member of hard and the other of soft material, Z1,, Z, and Zr shall be determined for the
softer of the materials.

20 © ISO 2014 - All rights reserved
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8.2.3 Method B

8.2.3.1 Lubricant factor, Zj,

Taking into account the restrictions given in 8.2.2, the lubricant factor, Z1, accounts for the influence
of the type of lubricant, and its viscosity, on the surface durability (pitting). In Figure 7, the curves of
the lubricant factor, Z1, are plotted for mineral oils (with or without EP additives) as a function of the
nominal viscosity and the value oy Jim of the softer gear of the mating pair. In case of certain synthetic
oils, with lower coefficient of friction, larger values of Z1, than those calculated for mineral oils may be
used.

ATTENTION — This part of ISO 10300 does not include a recommendation as to the{ choice of
oil yiscosity, which shall only be made with reference to testing, experience or gear Iibrication
publications.

Zy
19 0 40 80 120 160 200 240 300

, a V50

N b | /é//—
1,1 e
e m—
1
= d e
.
0,8
0 100 200 300 400 500 Va0

v |viscosity (mmZ2/s), suffix: temperatare (°C)
71, |lubricant factor

a  |onlim <850 N/mm2.

b oy lim = 900 N/mm?2,

¢ |onlim=1000N/mm2.

d  |ogJim=1100 N/mm?2:

e |oHlim = 1 200N/mm?2.

Figure 7 — Lubricant factor, Z1, for mineral oils

Z1, $hould be calculated using Formulae (53) and (54), which represent the course of the curves in
Figure 7:

4 (1,0-C
124138
Vo
For the range of oy Jim = 850 N/mm2 to oy Jim = 1 200 N/mm?2, the following applies:
O'H lim -850
C,i =0,08——+0,83 54
ZL 350 (54)

For oy jim values below 850 N/mm?2, the Z, value for oy jim = 850 N/mm?2 is used, while for oy jim values
above 1 200 N/mm?2, the Zj, value for oy jim = 1 200 N/mm?2 is used.
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8.2.3.2 Speed factor, Z,

Taking into account the restrictions given in 8.2.2, the indicated speed factor, Z,, accounts for the
influence of the tangential speed on the surface durability (pitting). In Figure 8, the curves of the speed
factor are plotted as a function of the tangential speed and the value ay jim of the softer gear of the
mating pair.

Zy
BN
b \>—’
b1
T NP
7 Lt=T"1
/,//Z— ]
7
[ A~
/// j
1 f
e
/22%’
=
//
L
0,9

05 1 2 345679 20 40,60 100 Vmt2
810

Key
vtz tanggntial speed at mid-face of reference cone, wheel (m/s)
Zy speed factor

a oH,lin| < 850 N/mm?Z.

b OH,lim| = 900 N/mm?2.

c OHli| = 1 000 N/mm2.

d OHli{ = 1 100 N/mm?2.

e OHlin] 2 1 200 N/mm?2.

Figure 8 — Speed factor, Zy

Zy should be calculated using Formulae (55) and (56), which represent the course of the curvep in
Figure 8.

2 (K0-4C
z,=cl, +(—22v) 55)
0,8+ 3
Vmt2
For the range of oy jim = 850 N/mm?2 to oy jim = 1 200 N/mm?2, the following applies:
GH lim -850
C,y =0,08——+0,85 56
v 350 (56)

For oy Jim values below 850 N/mm?2, the Zy value for oy jim = 850 N/mm?2 is used, while for oy jim values
above 1 200 N/mm?, the Zy value for oy Jim = 1 200 N/mm?2 is used.

8.2.3.3 Roughness factor, Zr

Taking into account the restrictions given in 8.2.2, the indicated roughness factor, Zg, accounts for the
influence of the surface condition of the tooth flanks on the surface durability (pitting). In Figure 9, the
curves of the roughness factor are plotted as a function of Rz19 and the value oy Jim of the softer gear of

22 © ISO 2014 - All rights reserved


https://standardsiso.com/api/?name=e654b708b22b1a11a09c124cc18a449d

ISO 10300-2:2014(E)

the mating pair. The figure is valid for a gear pair with a radius of relative curvature at the pitch point
Ofprel = 10 mm.

Zr

1,1

The

manufacturing. Allowance shall'be made for any special surface treatment or running-in p1

rou

Thd

wit
for

N
[5] a C D d
0,9 S \ NN\
! N 4:
0,8 :::k“‘~--:55;:

1 2 3 4 5 6 7 8 9 10 11 1213 14 Rz

roughness (um)
roughness factor
OH,lim 2 1 200 N/mm?2.
OHJim = 1 100 N/mm?2.
OHJlim = 1 000 N/mm?2.
oHlim = 900 N/mm?2.
OHlim < 850 N/mm?2.

Figure 9-— Roughness factor, Zg

mean roughness shall be determined for the values Rz and Rz of the pinion and the {

bhness measured in the direction of the sliding and rolling movement shall be decisive.

mean relative roughness is given by:

h the radius of relative curvature p = pre| for method B1 (see ISO 10300-1:2014, Annex A)
methed\B2 [see Formula (43) of this part of ISO 10300].

wheel after

focess. The
(57)
P = Pt Met2

Wh

i the roughness is given as an Ra value ( = CLA value, AA value), the following approxin

hation may

be used: Ra = CLA = AA = Rz/6.

The factor Zg should be calculated using Formulae (58) and (59), which represent the course of the
curves in Figure 9.
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Roughness factor:
C
Zp = 3 - (58)
R RZlO
In the range of 850 N/mm?2 < oy jim < 1 200 N/mm?2, the following applies:
1000-0y jim
Crpr=0124+——7—"-—"" 59
ZR = 000 (59)
For oy Jim altues below 850 N/MMmZ, USE OH lim = 80U N/MMmZ, While [0T O Jim values above 1 200 N/mm?2,

use OH lim

8.2.4 Mg

As a simpli
operating (
The follow
— for thr
— for ged
— for ged

R7
R7

If these conditions do not apply, Z1,, Zy and Zg shall be determined separately according to method B

= 1200 N/mm?2.

thod C (product of 71, Z, and ZR)

fication of method B, it is assumed that a proper lubricant viscosity has been chosen for]
onditions (tangential speed, load, structural size).

ng values apply for the product of Z}, Z; and Zg:

pugh hardened gear pairs without finishing process: 0,85;

r pairs lapped after hardening: 0,92;

r pairs ground after hardening, or for hard cut gear pairs, with:
10 < 4 pm: Zy, Zy Zr = 1,0;

ho >4 um: Z1, Zy Zr = 0,92.

the

8.3 Work hardening factor, Zy

8.3.1 Genperal

The work hardening factor, Zy, accounts for the increase in surface durability when a structurjl or
through hqrdened steel wheel isin mesh with a surface hardened pinion which has smooth tooth flanks
(Rz < 6 um).

NOTE The increase inthe surface durability of the soft wheel can depend not only on work hardening] but
on other influences, such\@s polishing (lubricant), alloying elements and internal stresses in the soft matgrial,

surface rou

8.3.2 Mse

rhness of the/hard pinion, contact stress and hardening processes.

thod B

The data p

L. | n h 1 1 1 1 £ 1 cc .- 1 - 1 1 L
OVIUCU IIT LIS SUDLIdUSE dI'€ DdSCU UIT LESLS O UITICTCIIL HIdLET 1415 USIITE Stalludl U T'TICT €ence

test gears as well as on field experience with production gears. The extent of scatter (spread of values)
indicates the existence of other influences not included in the calculation process. Although the curve in
Figure 10 was carefully chosen, it shall not be interpreted as absolute. It is, like Formula (60), empirical.
The value of Zyy is taken as the same for endurance, limited life and static stress.

Zw may be taken from Figure 10, as a function of the flank hardness of the softer bevel gear.
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