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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
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consists of the following parts, under the general title Calculation of load capacity of bevel gear
Introduction and general influence factors
Calculation of surface durability (pitting)

Calculation of tooth root strength
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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, 1ISO 10300 has been designed to
facilitate the application of future knowledge and developments, as well as the exchange of information gained from
experience.
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INTERNATIONAL STANDARD
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Calculation of load capacity of bevel gears —

Part 1:
Introduction and general influence factors

1 Scagpe

The formulae in 1ISO 10300 are intended to establish uniformly acceptable methods for calculating
resistance and bending-strength capacity of straight and helical (skew), zerol and spiral’'bevel gears eX
gears. They are applicable equally to tapered depth and uniform depth teeth.

The formlulae take into account the known major factors influencing gear-tooth pitting and fractures at t
as well as allowing for the inclusion of new factors at a later date. The tating formulae are not applic
types of|gear-tooth deterioration such as plastic yielding, micropitting;yecase crushing, welding, and
bending-strength formulae are applicable to fractures at the tooth fillet but not to those on the tooth-wo,
surfaces| nor to failure of the gear rim or of the gear blank through the web and hub. Pitting res
bending-gtrength capacity rating systems for a particular category of bevel gear can be established
proper values for the factors used in the general formulae. 1ISQ@“10300 is not applicable to bevel gears
an inadequate contact pattern.

ISO 103Q0 is restricted to bevel gears whose virtual cylindrical gears have transverse contact ratios of
given relations are valid for gears of which the sum ©f addendum modification factors of pinion and geal
the normial operating pressure angle of the gear.pair is the same as the normal pressure angle of the ba|

NOTE
machines

Methods for the calculation of the load capacity of hypoid gears are indicated by the manufacturers o

CAUTIO
and for |

N — The user is cautioped/that when the methods are used for large spiral and press
arge face width b > 10-myp, the calculated results of ISO 10300 should be confirmed by e

2 Noirmative refefences

The follo
this part

ving normaltive documents contain provisions which, through reference in this text, constitute f
Df ISQ._T0300. For dated references, subsequent amendments to, or revisions of, any of these
do not apply< However, parties to agreements based on this part of ISO 10300 are encouraged to iny
possibility “of applying the most recent editions of the normative documents indicated below. H

the pitting
cept hypoid

e root fillet,
ble to other
wear. The
rking profile
stance and
Dy selecting
which have

Fvo, < 2. The
is zero, i.e.
Sic rack.

gear-cutting

ire angles,
Xperience.

rovisions of
publications
pstigate the
or undated

references, the Tatest edition of the normative document referred to applies. Members of 1SO and |
registers of currently valid International Standards.

ISO 53:1998, Cylindrical gears for general and heavy engineering — Standard basic rack tooth profile.

ISO 1122-1:1998, Vocabulary of gear terms — Part 1: Definitions related to geometry.

C maintain

ISO 1328-1:1995, Cylindrical gears — ISO system of accuracy — Part 1: Definitions and allowable values of

deviations relevant to corresponding flanks of gear teeth.

ISO 6336-1, Calculation of load capacity of spur and helical gears — Part 1: Basic principles, introduction and

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

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

ISO 10300-3, Calculation of load capacity of bevel gears — Part 3: Calculation of tooth root strength.

ISO/TR 10495, Cylindrical gears — Calculation of service life under variable loads — Conditions for cylindrical
gears according to ISO 6336.

3 Term

For the pu

1SO 1122-1| apply.

4 Symbols and abbreviations

The symbols used in this part of ISO 10300 (see Table 1) are based on those of\lISO 701, while also
symbols gien in ISO 1328-1.

poses of this part of 1SO 10300, terms and definitions consistent with those given_ inIS(Q

53 and

including
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Table 1 — Symbols and abbreviations used in parts 1, 2 and 3 of ISO 10300

Symbol Description or term Unit
a, centre distance of virtual cylindrical gear mm
ayn centre distance of virtual cylindrical gear in normal section mm
b face width mm
bee calculated effective face width mm
be effective face width mm
Abg heel increment of face width mi
Abg” effective heel increment of face width mm
Ab; toe increment of face width mm
Ab; effective toe increment of face width mm
Cv dimensionless parameter —
c, mesh stiffness N/(mm -{pum)
Co mesh stiffness for average conditions N/(mm -{um)
c single stiffness (see ISO 6336-1) N/(mm -[um)
co' single stiffness for average conditions N/(mm -[pum)
de outer pitch diameter mm
dn mean pitch diameter mm
d, reference diameter of virtual cylindtical gear mm
dya tip diameter of virtual cylindrical, gear mm
dvan tip diameter of virtual cylindrical gear in normal section mm
dyp base diameter of virtual cylindrical gear mm
dybn base diameter ef\wirtual cylindrical gear in normal section mm
dyn reference diameter of virtual cylindrical gear in normal section mm
f distapce.to a line of contact mm
* referred distance to middle line of contact —
fia profile form deviation pm
fmax maximum distance to middle line of contact mm|
for single pitch deviation pm
¥y ef effective pitch deviation pm
fe load correction factor —
Oro assumed distance in locating weakest section mm
o, length of path of contact of virtual cylindrical gear mm
Ovan length of path of contact of virtual cylindrical gear in normal section mm
Oxb distance between the centre of the cutter edge radius and the centreline of mm
the gear measured along the tool reference plane
Oyb distance from centre of tooth tip edge radius to crown gear pitch surface mm
measured in a direction perpendicular to pitch surface

© ISO 2001 - All rights reserved 3
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Table 1 (continued)

Symbol Description Unit
Oza intermediate variable for calculating tooth strength factor mm
oS intermediate variable for calculating tooth strength factor mm
d; intermediate variable for calculating tooth strength factor mm
g’ intermediate variable for calculating tooth strength factor mm
Ok projected length of instantaneous line of contact in lengthwise direction of mm

toath.
On length of action within the contact ellipse mm
do distance from centreline of crown gear (tool) space to tool centre tip edge mm
radius measured in mean normal section
9o’ distance from mean section to centre of pressure measured in the mm
lengthwise direction along the tooth
hae outer addendum mm
ham mean addendum mm
hap addendum of the basic rack profile mm
hao tool addendum mm
hte outer dedendum mm
hip dedendum of the basic rack profile mm
htm mean dedendum mm
heo tool dedendum mm
hea bending moment arm for tooth roet stress (load application at tooth tip) mm
hn load height from critical seetion mm
k summation index —
kK constant of location —
Iy length of cantaet line mm
lbm length.ofmiddle line of contact mm
lom'’ projected length of middle line of contact mm
Mgt euter transverse module mm
Mmn mean normal module mm
Mint mean transverse module mm
Mhed Mass per mm facewldtn reduced 1o the fine of acton of the dynamicatly Rgrmm
equivalent cylindrical gears
m relative individual gear mass per unit facewidth referred to line of action kg/mm
n rotational speed min-1
Ngq resonance speed of pinion min-1
p peak load N/mm
pr protuberance of the tool mm
Pmax maximum peak load N/mm
p* referred peak load —

4 © ISO 2001 - All rights reserved


https://standardsiso.com/api/?name=daa3a2e1c35e6c8fde43fb268a6f5fef

ISO 10300-1:2001(E)

Table 1 (continued)

Symbol Description Unit
Pet transverse base pitch of virtual cylindrical gear mm
q machining stock mm
q exponent in the formula for lengthwise curvature factor —
Js notch parameter —
OsT notch parameter of test gear —
reo cutter radius mm
I mf tooth fillet radius at the mean section mm
my 0 mean transverse radius to point of load application mm
Aryq dista_mce from pitch circle to point of load application in mean normal mm
section
Set transverse tooth thickness at the back cone mm
Samn mean normal topland mm|
Smn mean normal circular thickness mm|
Sor amount of protuberance mm
Smt mean transverse circular thickness mm
Sen tooth root chord in calculation section mm
SN one-half tooth thickness at critical section mm
u gear ratio of bevel gear —
Uy gear ratio of virtual cylindrical'gear —
Vet tangential speed at outerf.end (heel) of reference cone m/s|
Vet max maximum pitch line velocity at operating pitch diameter m/s
Vit tangential speed at reference cone at mid-facewidth m/s
Xhm profile shift.coefficient —
Xsm thickhess modification coefficient —
XN pinion tooth strength factor mm|
Yo running-in allowance for pitch error related to the smooth polished test pm
piece
Y3 location of point of load application for maximum bending stress on path of mm
action
Y3 tocatiormrofpoint-oftoad-appticatiomronpatirofaction mm
Yo, running-in allowance for pitch error pm
z number of teeth —
z, number of teeth of virtual cylindrical gear —
Zn number of teeth of virtual cylindrical gear in normal section —
A auxiliary factor for dynamic factor —
* auxiliary value for load sharing factor mm?2
A auxiliary value for load sharing factor mm2

© ISO 2001 - All rights reserved 5
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Table 1 (continued)

Symbol Description Unit
Agne outer tooth thickness allowance mm
AS auxiliary value for load sharing factor mm?2
auxiliary factor for dynamic factor —
quality grade —
a tip relief pm
Cy correction factor for tooth stiffness for non-average conditions —
Ce correction factor for tooth stiffness for non-average conditions —
Cz1,.Czr.Czv factors for determining lubricant film factors —
E modulus of elasticity, Young’s modulus N/mm?2
F, G, H auxiliary factors for tooth form factor —
F auxiliary factor for mid-zone factor —
Ft nominal tangential force at reference cone at mid-facewidth N
Frt H decisive tangential force at reference cone at mid-facewidth N
HB Brinell hardness —
K constant; factor concerning tooth load —
Ky dynamic factor —
Ka application factor —
Krg lengthwise curvature factor for bending stress —
Kea transverse load factor for bending stress —
Krp face load factor for bending stress —
Ko, transverse load fagtor for contact stress —
Khp face load factor for contact stress —
KHp-be bearing factor —
L empiriCal constant used in stress correction formula —
La atdliary factor for correction factor —
M empirical constant used in stress correction formula —
N reference speed for ngq —
Ny number of load cycles —
o] empirical constant used in stress correction formula —
P nominal power kW
Py outer diametral pitch inch-1
Ra = CLA = AA arithmetic average roughness pm
Re outer cone distance mm
Rn mean cone distance mm
Rz mean roughness pm
Rzr mean roughness of test gear pm

© ISO 2001 - All rights reserved
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Symbol Description Unit
Rz, mean roughness for gear pairs with p,eq = 10 mm pm
S safety factor for bending stress (against breakage) —
S min minimum safety factor for bending stress —
S safety factor for contact stress (against pitting) —
S min minimum safety factor for contact stress —
T nominal torque Nm

Y tooth form factor —
Yi inertia factor -
Y; stress concentration and stress correction factor —
Ya bevel gear adjustment factor —
Yg bending stress factor —
Yc compression stress factor —
Yea tooth form factor for load application at tip —
Yes combined tooth form factor for generated gears —
Y; bevel geometry factor (Method B2) —
Yk bevel gear factor —
Y.s load sharing factor (bending strength) —
YnT life factor of the standard test gear —
Yp combined geometry factor —
Yr surface factor of smg@othr specimen —
YrT surface factor of test gear with roughness of Rz; = 10 um —
YRrel T relative surface’factor —
Ysa stress. correction factor for load application at tooth tip —
Yst stfess correction factor for dimensions of standard test gear —
Yy size factor for tooth root stress —
Ys dynamic sensitivity factor of the gear to be determined —
Y57 dynamic sensitivity factor of the standard test gear —
Y5 el T relative sensitivity factor —
Ye contact ratio factor (tooth root) —
Z, speed factor _
Ze elasticity factor —
Zy zone factor —
Zy bevel gear factor (flank) —
Z lubricant factor -
Zs load sharing factor —

© ISO 2001 - All rights reserved
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Table 1 (continued)

Symbol Description Unit
ZuB mid-zone factor —
InT life factor of the standard test gear —

Zr roughness factor for contact stress —
Zy size factor —
Zy work-hardening factor —
Zg helix angle factor for contact stress —
I normal pressure angle at point of load application on the tooth centreline b
o normal pressure angle °
Oin normal pressure angle of virtual cylindrical gear (=¢4, ) °
Oyt transverse pressure angle of virtual cylindrical gear °
Oipt working transverse pressure angle °
OFan load application angle at tip circle of virtual spur gear °
o normal pressure angle at point of load application on the‘tooth surface °
B mean spiral angle °
Bib helix angle at base circle of virtual cylindrical gear °
A auxiliary angle for tooth form and tooth cerrection factor °
) pitch angle °
0y face angle °
Ot root angle °
Eval transverse contact ratio of virtual cylindrical gear —
Eson transverse contact ratio of virtual cylindrical gear in normal section —
&p overlap ratie ofvirtual cylindrical gear —
sy modified-contact ratio —
&N lead,sharing ratio —
6y addendum angle °
6 dedendum angle °
& assumed angle in locating weakest section °
& one half of angle subtended by normal circular tooth thickness at point of °
load application
o density kg/mm3
P20 cutter edge radius mm
Pip root fillet radius of basic rack for cylindrical gears mm
Pred radius of relative curvature mm
PEn fillet radius at point of contact of 30° tangent mm
o' gliding thickness mm

8 © IS0 2001 — All rights reserved
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Table 1 (continued)
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Symbol Description Unit
OB tensile strength N/mm2
Ok tooth root stress N/mm?2
OF lim nominal stress number (bending) N/mm?2
OFE allowable stress number (bending) N/mm?2
Orp permissible tooth root stress N/mm?2
Oko local tooth root stress N/mn||2
oy contact stress N/mn||2
OH lim allowable stress number for contact stress N/mn||2
Oup permissible contact stress N/mn|\2
Oho nominal value of contact stress N/mn||2
0,2 stress at 0,2% permanent elongation N/mnll2
T angle between tangent of root fillet at weakest point and ¢entreline of tooth °
v auxiliary factor for tooth form and tooth correction factors —
1% Poisson’s ratio —
Va0, V50 nominal kinematic viscosity of the oil at 402,C and 50° C respectively mm2(s
w angular velocity rad/$
p2 relative stress drop in notch root mm
Jans relative stress drop in notch ‘root of test gear mmt
2z shaft angle °
Other subscripts
0 tool
1 pinion
2 wheel
X dynamically equivalent cylindrical gears
-A, -B, -B1, -{Jvalue according to method A, B, B1, B2 or C
B2, -C
(L)) trials of interpolation

*

value related to my,, (except m*)

© ISO 2001 - All rights reserved
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5 Application
5.1 Methods

5.1.1 General

ISO 10300 is intended mainly for the calculation of bevel gears for which the essential data is known from drawings
or measurement (recalculation). At the preliminary design stage, the available data is limited, and approximations
or empirical values may be used for some factors. Moreover, in certain application fields or for rough calculations
some factors may be assumed as unity or constant. However, a conservative safety factor (see 5.2) should be

chosen in
methods A
is preferred

5.1.2 Full

The most v
gear drive
methods gi
methods B

adjustability.

5.1.3 Met

Where suffi
obtained by
may be ev
system und
this method
conditions
of the met
other, ackn

514 Met

Again, whe
can be ob
recommend
methods ar
assumption

515 Met

uch cases. Wherever there 1S disagreement, full-scale, full-load tesfing 1S preferred over, a
fo C, while method A, if its accuracy and reliability are proven, is preferred over method B, whi
to method C.

Lscale, full-load testing

hlid method of predicting overall gear system performance is the full-scale, full-load testing of
esign in order to determine its capacity. This will not require verification by calculation using g
en. However, it is customary for bevel gears to be developed from a-preliminary design aca
or C, then refined by testing to achieve optimum tooth contacty"Smoothness of operg

nod A

cient experience from the operation of other, similar designs is available, satisfactory guidang
the extrapolation of the associated test results or field data. The factors involved in this extr
hluated by the precise measurement and comprehensive mathematical analysis of the trar]
er consideration, or from field experience. All gear and load data is required to be known for t
, which shall be clearly described and presented with all mathematical and test premises,

nd any specific characteristics of the methed that influence the result. The accuracy and the

Iod must be demonstrated. Precision, for example, shall be demonstrated through compar

pwledged gear measurements. The method should be approved by both the customer and the

hod B

e sufficient experience from“the operation of other, similar designs is available, satisfactory
ained by the extrapofation of the test results or field data associated with them. Howel
ed that the calculation” methods be used for comparison of the designs. Additionally, apy
b given for some faetors, together with the assumptions relevant to their evaluation. The validity
5 for the given.working conditions shall be checked.

nod C

Where suitt

blettest results, or field experience from similar designs, are unavailable for use in the eva

hy of the
Ch in turn

h specific
ny of the
ording to
tion and

e can be
apolation
smission
he use of
boundary
reliability
son with
supplier.

guidance
ver, it is
roximate

of these

uation of

certain factprspfurther simplified calculation methods should be used. These are appropriate for particula

r fields of

application or on the basis of cerfain premises, for example, those relevant to an acceptance test.

5.2 Safety factors

The allowable probability of failure shall be carefully weighed when choosing a safety factor, in balancing reliability
against cost. If the performance of the gears can be accurately appraised by testing the unit itself under actual load
conditions, lower safety factors may be permitted. The safety factors shall be determined by dividing the specific
calculated strength by the specific operating stress.

In addition to this general requirement, and the special requirements relating to surface durability (pitting) and tooth
root strength given, respectively, in parts 2 and 3 of ISO 10300, safety factors shall be determined only after careful
consideration of the reliability of the material data and of the load values used for calculation. The allowable stress
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numbers used for calculation are valid for a given probability of failure, or damage (the material values in
ISO 6336-5, for example, are valid for a 1 % probability of damage), the risk of damage being reduced as the safety
factors are increased, and vice versa. If loads, or the response of the system to vibration, are estimated rather than
measured, a larger factor of safety should be used.

The following variations shall also be taken into consideration in the determination of a safety factor:

— variations in gear geometry due to manufacturing tolerances;

— variations in alignment;

— varid
and

— varig
The app
related tq
in respeg
Supplied
The mini

where S

The mini

customer.

5.3 R4

53.1 T

The mos
testing of
experien
extrapols
factor val

532 M
Rating fg
compone
single pit

5.3.3

i

heat treatment);

tions in lubrication and its maintenance over the service life of the gears.

opriateness of the safety factors will thus depend on the reliability of the assumptions, su
load, on which the calculations are based, as well as on the reliability required of the gears

t of the possible consequences of any damage that might occur in the case,of failure.

gears or assembled gear drives should have a minimum safety facter for contact stress, Sy mi

mum bending-stress, St min, Value should be 1,3 for spiral bevel gears, and 1,5 for straight be
< 5°.

mum safety factors against pitting damage and tooth breakage should be agreed between g

ting factors

psting

t effective overall approach to gear-system performance management is through the full-scd

a proposed new design. This approach, however, is limited by its high cost. Alternatively, whe
e of similar designs exists and results are available, a satisfactory solution can be obtair
tion from such data. On the«other hand, where suitable test results or field data are unavail
ues should be chosen congeryatively.

anufacturing toleraneces
ctors should beevaluated based on the minimum acceptable quality limits of the expected

nt parts in thesmanufacturing process. The accuracy grade should be determined using 1SO
ch deviationy

nplied/accuracy

[Ta)

tions in material due to process variations in chemistry, cleanliness and microstructure (mat|eria| quality

h as those
hemselves,

., value 1,0.
vel gears or

upplier and

le, full-load
re sufficient
ed through
hble, rating-

variation of
1328-1 with

Where t
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facilitate computer programming.

NOTE

quations to

The constants and coefficients used in curve fitting often have significant digits in excess of those implied by the
reliability of the empirical data.
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5.4 Other factors to be considered

5.4.1 General

In addition to the factors considered that influence pitting resistance and bending strength, other, interrelated
system factors can have an important effect on overall transmission performance. Their possible effect on the
calculations should be considered.

54.2 Lub

rication

The rating
lubricant of
quantity of |

5.4.3 Mis

Many gear
mesh. If th
elastic or th

5.4.4 Defl

Deflection g
affects toot
different log
this, as wel
tooth conta

determined Py e 1ormuiae O 19U LUSUU Shiall De vatid onty ithe gedr teetn are operal
proper viscosity and additive package for the load, speed, and surface finish, and if there s a
Lbricant on the gear teeth and bearings to lubricate and maintain an acceptable operating temy

hlignment
systems depend on external supports such as machinery foundations to maintain alignment of

bse supports are poorly designed, initially misaligned, or become misaligned during operatid
ermal deflections or other influences, overall gear-system performance wilLbe adversely affectg

ection

) contact across the mesh. Since deflection varies with load, it is difficult to obtain good tooth ¢

as deflection caused by internal forces, should be takén into account when determining the ag
Ct.

d with a
sufficient
erature.

the gear
n due to
d.

f gear-supporting housings, shafts, and bearings due to exterhal overhung, transverse, and thiust loads

ontact at

ds. Generally, deflection due to external loads from driven/and driving equipment reduces capacity, and

tual gear

5.4.5 Matgrials and metallurgy
Most bevel|gears are made from carburized case-hardened steel. Allowable stresses for this and other materials
should thug be based on tests on bevel gears wherever these are available. The allowable stress numbdrs, which

are based
tensile stre

NOTE H
allowable str

5.4.6 Res

Any ferrous
stress will §

n different modes of steel-making.and heat-treatment, shall be taken from ISO 6336-5. Hard
gth as well as the quality grade shall also be criteria for choosing allowable stress numbers.

Higher-quality steel grades gndicate higher allowable stress numbers, while lower-quality grades indi
bss numbers (see ISO 6336-5).

dual stress

material having a case-core relationship is likely to have residual stress. If properly manag

e compressive at the tooth surface, thereby enhancing the bending-fatigue strength of the gg

Shot-peeniig, case-earburizing and induction-hardening, if properly performed, are common methods of

compressiv|

pre-stress in the surface of the gear teeth. Improper grinding techniques after heat treatn

hess and

ate lower

ed, such
par tooth.
inducing
hent may

reduce the reSidual compressive stresses or even introduce residual tensile stresses in the root fillets of

he teeth,

thereby lowering-theattowabtestressnumbers:

5.4.7 System dynamics

The method of analysis used includes a dynamic factor, K, in formulae by derating the gears for increased loads
caused by gear-tooth inaccuracies. Generally speaking, this provides simplified values for easy application.

The dynamic response of the system results in additional gear-tooth loads, due to the relative motions of the
connected masses of the driver and the driven equipment. The application factor, Kp, is intended to account for the
operating characteristics of the driving and driven equipment. It must be recognized, however, that if the operating
roughness of the drive, gearbox, or driven equipment causes excitation with a frequency that is near one of the
system’s major natural frequencies, resonant vibrations may cause severe overloads possibly several times higher
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than the nominal load. Therefore, where critical service applications are concerned, performance of

1:2001(E)

a vibration

analysis of the complete system is recommended. This analysis shall include the total system, including driver,
gearbox, driven equipment, couplings, mounting conditions and sources of excitation. Natural frequencies, mode

shapes, and the dynamic response amplitudes should be calculated.

5.4.8 Contact pattern

The teeth of most bevel gears are crowned in both their profile and lengthwise directions during the manufacturing

process in order to allow for deflection of the shafts and mountings. This results in a localized con

tact pattern

during roll testing under Irght loads. Under desrgn Ioad unless otherwise specrfred the tooth contact pattern is

spread ope ,
the rating formulae to bevel gears manufactured under condrtrons in whrch thrs process has not been
and whigh do not have an adequate contact pattern may require modifications of the factors given-in
These gegars are not covered.

NOTE The total load used for contact pattern analysis can include the effects of an applicatien\factor (see g
fuller explfnation of tooth contact development).

5.4.9 Corrosion

Corrosio
resistand
ISO 103(

of the gear-tooth surface can have a significant detrimental effect.on the bending strength

0.

5.5 Influence and other factors in the basic formulae
Included|in the basic formulae presented in 1SO 10300 afe ‘factors reflecting gear geometry or est
conventipn, which need to be calculated in accordance with, their formulae.

Also incl
operating
Although
evaluatio

allowablg

ided in the formulae in ISO 10300 are factors that reflect the effects of variations in proces
cycle of the unit. These are known as influence factors because they account for a number o
treated as independent, they maynevertheless influence each other to an extent thaf
n. They include the load factors,Ka; Ky, Knp, Keg, Kno @and Kgq, as well as those factors

stresses.

Still othef factors included reflect the.mathematical relationship, stress vs. life.

The influgnce factors can be determined by various methods of calculation. These are qualified, as neq
addition jof subscripts A through C to the symbols. Unless otherwise specified (for example in an
standard), the more aceurate method is to be preferred for important transmissions. It is recomni
supplementary subscripts’be used whenever the method used for evaluation of a factor would not o
readily identifiable.

For som¢ applications, it may be necessary to choose between factors determined using alternative n
example] alternatives for the determination of the dynamic factor or the transverse load factor). When r

application of
carried out
ISO 10300.

nnex C for a

and pitting

e of the teeth. However, the quantification of the effect of corrosion“on gear teeth is beyond the range of

ablished by

sing or the
influences.
is beyond
influencing

ded, by the
application
ended that
therwise be

hethods (for
bporting the

calculatign;the method used should be indicated by extending the subscript.

EXAMPLE Kv-C, KHo-B

6 External force and application factor, Ku

6.1 Nominal tangential force, torque, power

For the purposes of 1ISO 10300, pinion torque is used in the fundamental stress-calculation formulae.

In order to

determine the bending moment on the tooth, or of the force on the tooth surface, the tangential force is calculated

within the stress formula, at the reference cone at mid-facewidth, as follows.

© ISO 2001 - All rights reserved
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2000T;
L — (1)
m1,2
Fmt d 1000 P 49 P
T1,2: mt Y“m1,2 - 000 - 95 9 (2)
2000 (012 nl,z
_Fmtvmt_T12®12 _Ti2N12 @)
1000 1000 9549
Q2 @12 _dmioNyp
Vint = = 4)
2000 19098
The nomingl torque of the driven machine is decisive. This is the operating torque to be transmitted over a long
period of time and under the most severe, regular, working conditions.
EXAMPLE Maximum permanent rolling torque, torque from maximum hoisting weight.
The nomingl torque of the driving machine may be used if it corresponds to the)required torque of the driven
machine.
6.2 Varigble load conditions
If the load is not uniform, a careful analysis of the gear loads shouldybe made, in which the external angl internal
dynamic fagtors are considered. It is recommended that all the djfferent loads that occur during the anticipated life
of the gears, and the duration of each load, be determined. Asmethod based on Miner's Rule (see ISO/TR 10495)
shall be used for determining the equivalent life of the gears far the torque spectrum.
6.3 Application factor, Ka
In cases where no reliable experiences, or cdllective load spectra determined by practical measurgment or
comprehensive system analysis, are availabl€, galculate using the nominal tangential force F,; according to clause
6.1 and an ppplication factor, Ka. This application factor makes allowance for any externally applied dynamic loads
in excess of the nominal operating torquéetload, T;.
6.3.1 Facfors affecting external"dynamic loads
In determinjing the application ‘factor, account should be taken of the fact that many prime movers develop
momentary| peak torques-appreciably greater than those determined by the nominal ratings of either the prime
mover or af the driven equipment. There are many possible sources of dynamic overload which should be
considered| including’
— system vibration;
— critical speedq;

acceleration torques;
overspeed;
sudden variations in system operation;

braking;

of the gear teeth.

14

negative torques, such as those produced by retarders on vehicles, which result in loading the reverse flanks
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Analysis for critical speeds within the operating range of the drive is essential. If critical speeds are present,
changes in the design of the overall drive system shall be made in order to either eliminate them or provide system

damping

to minimize gear and shaft vibrations.

6.3.2 Establishment of application factors

Application factors are best established by a thorough analysis of service experience with a particular application.
For applications such as marine gears, which are subjected to cyclic peak torques (torsional vibrations) and are
designed for infinite life, the application factor can be defined as the ratio between cyclic peak torque and the
nominal rated torque. The nominal rated torque is defined by the rated power and speed.

If the gejir is subjected to a limited number of loads in excess of the amount of cyclic peak torque,th

may be
represen

If service
approxin
7 Dyr
7.1 Ge

The dyna
for the o

internal gynamic effects, to the transmitted tangential tooth doad and is expressed as the sum of

effected
The para

7.2 De
The desi
— pitch
— tooth
— inert
— tooth
—  lubri

—  stiffn

covered directly by means of cumulative fatigue or by means of an increased applic
ling the influence of the load spectrum.

b experience is unavailable, a thorough analytical investigation should be made. Annex
ate values if neither of these alternatives is possible.

amic factor, K,
neral
Lmic factor, K,,, makes allowance for the effects of gear topth*quality related to speed and loa

ther parameters listed below (see 7.2 to 7.6). The dynamic factor relates the total tooth loal

dynamic load and the transmitted tangential tooth*load, divided by the transmitted tangentia
meters for the gear-tooth internal dynamic load fallinto two categories: design and manufactur

sign

jn parameters include:

line speed;
load;

a and stiffness of the“rotating elements;
stiffness variation;

Cant properties;

ess'of bearings and case structure;

is influence
ation factor

B provides

1 as well as
d, including
the internal
tooth load.

ng.

— critical speeds and internal vibration within the gear itself.

7.3 Manufacturing

The man

ufacturing parameters include:

— tooth spacing variations;

— runo

ut of pitch surfaces with respect to the axis of rotation;

— tooth flank variations;
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7.4 Tran

compatibility of mating gear tooth elements;
balance of parts;

bearing fit and preload.

smission error

Even if the input torque and speed are constant, significant vibration of the gear masses and the resultant dynamic
tooth forces can exist. These forces result from the relative displacements between the mating gears as they

vibrate in r
constant ra
angular mo
actual gear
the followin

ESPUTST iU all U)\bitdtiull kIIUVVII asS ildllblllibbiull CITUl. Tilc idcai killcllldtibb Uf a ycdai pclil
io between the input and output. Transmission error is defined as the deviation from unifor
ion of the pair of meshing gears. It is influenced by all deviations from the ideal gear tgoth’fo
design, the manufacturing procedure and the operational conditions. The operational condition
f
ne speed. The frequencies of the excitation depend on the pitch line velocity and module.
nesh stiffness variations as the gear teeth pass through the meshing cycle. This is a §
pn especially pronounced in straight- and zerol-bevel gears. Spiral-bevel gears with a modifie
P have less stiffness variation.

hitted tooth load. Since deflections are load dependent,<gear-tooth profile modificationg
bd to give uniform velocity ratio only for one load magnitude; Loads different from the design
e the transmission error.

ic unbalance of the gears and shafts.

ssion error. Gears must have a properly designed lubrication system, enclosure, and seals to
Dperating temperature and contamination=frtee environment.

blignment. Gear-tooth alignment isxinfluenced by load and thermal deformations of gear
s and housings.

friction-induced excitation:

Imic response
of dynamic tooth-forces are influenced by the following:
f the gears, \shafts, and other major internal components;

s of the-gear teeth, gear blanks, shafts, bearings and housings;

equire a
n relative
rm of the
s include

ource of

d contact

can be
load will

ation environment. Excessive wear and plastic deformation of the gear tooth profiles increase the

maintain

5, shafts,

a) Pitchl
b) Gear 1
excitati
ratio >
c) Transr
design
increag
d) Dynanj
e) Applic
transm
a safe
f)  Shaft
bearing
g) Tooth
7.5 Dyng
The effects
— mass g
— stiffnes
— dampin

ol of which the prinr‘ilnnl sources are the shaft hparing: and seals_with ather sources incl

hysteresis of the gear shafts, viscous damping at sliding interfaces and couplings.

7.6 Resonance

iding the

When an excitation frequency (tooth meshing frequency, multiples of tooth meshing frequencies etc.) coincides, or
nearly coincides, with a natural frequency of the gearing system, a resonant vibration can cause high dynamic tooth
loading. When the magnitude of internal dynamic load at such a driving speed becomes large, operation in this
speed range should be avoided.

16
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7.6.1 Gear blank resonance

The gear blanks of high-speed, light-weight gearing may have natural frequencies within the operating speed
range. If the gear blank is excited by a frequency close to one of its natural frequencies, the resonant deflections
cause high dynamic tooth loads. There will also be the possibility of plate- or shell-mode vibrations which can
cause the gear blank to fail.

If determined by method B or C, the dynamic factor, K,,, does not account for gear blank resonance.

7.6.2 System resonance

The geafbox is just one component of a system comprising a power source, gearbox, driven equipment, and
interconnecting shafts and couplings. The dynamic response of this system depends on its configiratiop. In certain
cases a pystem may possess a natural frequency close to the excitation frequency associated \with dn operating
speed. Under such resonant conditions, its operation must be carefully evaluated. For critical drives, a detailed
analysis pf the entire system is recommended. This should then be taken into account when.determining the effects
on the application factor.

7.7 Cdlculation methods

7.7.1 deneral comments

A bevel gear drive is a very complicated vibrational system. The dynamie¢’system as well as the natural frequencies
which inquce dynamic tooth loading cannot be determined by consideration of the pair of gears alone{ The pinion
shaft alignment can change considerably depending on the craftsmanship of the assembly, the backlash and the
elastic de¢formation of gear shafts, bearings or housing. A slight change in alignment will alter the relative rotation
angle of the gearing and thus the dynamic loading on the géars. Crowning in the lengthwise and profile directions
may predlude true conjugate action and make tooth accuragy difficult to determine.

Under sdch circumstances, reliable values of the dynamic factor, K,, can best be predicted by a mathematical
model which has been satisfactorily verified by test measurements. If the known dynamic loads are added to the
nominal {ransmitted load, then the dynamic factor can be set to unity.

In this clause, several methods for determining K, are indicated in descending order of precision, from method A
(Ky.a) to method C (Ky.¢).

7.7.2 Method A, Ky.a

Kv-a is determined by a comprehensive analysis, confirmed by experience of similar designs, using the following
general procedures.

a) A mathematical)model of the entire power transmission vibrational system including the gearbox is fleveloped.

b) The|transmission error of the bevel gears under load is measured, or calculated by a reliablg¢ simulation
programmme for transmission error of bevel gears.

c) The dynamic load response of the pinion and gear shafts is analysed with the system model, a), excited by the
transmission error, b).

7.7.3 Method B, Ky

This method makes the simplifying assumption that the bevel-gear pair constitutes an elementary single mass and
spring system comprising the combined masses of pinion and wheel, with a spring stiffness being the mesh
stiffness of the contacting teeth. In accordance with this assumption, forces due to torsional vibrations of the shafts
and coupled masses are not covered by K,.g. This is realistic if other masses (apart from the gear pair) are
connected by shafts of relatively low torsional stiffness. For bevel gears with a significant lateral shaft flexibility, the
real natural frequency will be less than calculated.
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The amount of the dynamic overloads is, among other things, a function of the accuracy of the gear, i.e. the
flank-form and pitch deviations. However, where bevel gears are concerned, the determination of the flank-form
deviation is difficult (not an involute form), and corresponding 1SO-tolerances do not exist. On the other hand, the
pitch deviation can be measured relatively easily. The simplifying assumption is therefore made that the
single-pitch deviation is a representative value of the transmission error for determination of the dynamic factor.

The following data are needed for the calculation of K,,_g:

a) accura

b) mass
c) tooths
d) transm
7.7.3.1

Dimensionl

N:
Ng

where

Ng1 is

With the ai

resonance,

Because o

gearbox), g

equation (6
This results
subcrit

main re
analysi

interme

superc

q

.

N

cy of gear pair (single pitch deviation);

noment of inertia of pinion and wheel (dimensions and material density):

iffness;
tted tangential load.
peed ranges

bss reference speed:

=

he resonance speed according to clause 7.7.3.2.

supercritical, and an intermediate sector (mainresonance/supercritical).

the influence of stiffness values whichvare not included (for example, those of shafts,
nd because of the damping, the resgnance speed can be above or below the speed calcul
. For reasons of safety, a resonance sector of 0,75 < N < 1,25 is defined.

in the following sectors for the:calculation of K, _g:

cal sector, N < 0,75, determined by method A or B;

sonance sectoy;~0,75 < N < 1,25 (operation in this sector should be avoided, but if unavoidabl
5 by method A‘will need to be carried out);

diate segtot, 1,25 <N < 1,5, determined by method A or B;

itical'sector, N > 1,5; determined by method A or B.

of the reference speed N, the total speed range can be subdivided into four sectors: subcriti

®)

cal, main

bearings,
ated with

P, refined

See ISO 6336-1 for further information on the speed ranges.

7.7.3.2

18

Resonance speed

Myeq

(6)
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with
Mied= —— = @)

A value of ¢,0 = 20 N/(mm - um) applies to spur gears. Investigations of helical gears have shown that the stiffness
is decreased when the helix angle is increased. On the other hand, the spiral arrangement of a bevel gear tooth on
a conical blank leads to stiffening of helical and spiral bevel gears. Therefore, due to the lack of any better
knowledge, the stiffness for a spur gear can be said to be suitable for use in average conditions
(FmiKa/be = 100 N/mm and be /b > 0,85). Therefore ¢, can be determined as follows:

CY E CYO C|: Cb (8)

where

0 [is mesh stiffness for average conditions. A value of 20 N/(mm-um) can be used. If experienge indicates
another value more appropriate for bevel gears, it should be substituted.

Cr [and Cy are correction factors for non average conditions:

Ce91 for FmiKa/be = 100 N/mm 9
Cr d (FmtKa/beg)/100 N/mm  for FrpKa/be < 100 N/mm (20)
Cp1 for be/b > 0,85 (11)
Cp =|be/(0,85b) for be/b < 0,85 (12)

be [is effective face width. The effective face width bg is the real length of contact pattern (see gnnex C). In
the case of full load, the contact pattern typically has a minimum length of 85 % of face widtlp. If it is not
possible to obtain information of pattefnlength under load conditions, bg = 0,85 b should be usé¢d.

If an exaft determination of the mass moments of inertia. my and mj of the bevel gears is either not feasible due
to cost of otherwise impossible (for example, at the design stage), bevel gears of common gear-blank| design can
be replaqed by the approximately dynamically equivalent cylindrical gears (suffix x) (see Figure 1).

1 I

My 2|~ My 2 = 8 PN dfi2 (13)
C0s “or,
1 dr%]_ U2

Medx= = FO)—2L  — 14

redx = g R coszan 1+u2 (14)

For exanpple; the following applies to steel gears (p = 7,86 x 10-6 kg/mm3) with o, = 20°:

u2

Mregx = 3,50 1070 d2; > (15)
1+u

Inserted in equations (5) and (6) with ¢, = 20 N/(mm-um):

- -8 2 2\ _ Z3Vmt |2 2
N=4,38x10"8n; 2, d 1/ /(1+u )-0,084 Lo Ju /(1+u ) (16)

See Figure 2 for the graphical determination of resonance speed for the mating solid steel pinion/ solid wheel.
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dmZ

Figure 1 — Approximately dynamically equivalent cylindrical gears
for the determination of the dynamic factor

7.7.3.3  Subcritical sector (N < 0,75)

Common operating range for industrial and vehicle gears:
Ke.s=NK+1 (17)

With the simplifying assumptions given above for method: B;the following applies:

bif peft €’
K = —_p CVl,2 + CV3 (18)
ffmt Ka

where
fp eff = fot = Yp With Yp = Y
See 9.5 fory,, 9.3.1 for f, and Tabte 2 for ¢,y » and ¢y3.

NOTE The influence ofitip/relief is not considered. The calculation is therefore on the safe side for bevel gdars which
normally have profile crowning:

A value of ¢g" = 14<N/(mm - um) applies to spur gears. Investigations of helical gears have shown that the stiffness
is decreased whenthe helix angle is increased. On the other hand, the spiral arrangement of a bevel gear tooth on
a conical flank ‘leads to stiffening of helical and spiral bevel gears. Therefore, due to the lack of ahy better
kﬂOWledge, € stiffress v a St O€a gan o€ el v, o€ stttabte v S€ A average v
(FmtKa/be = 100 N/mm and bg/b > 0,85). Therefore ¢’ can be determined as follows:

¢’=cH CeCy (29)
where
co’ is single stiffness for average conditions.

NOTE A value of 14 N/(mm - um) can be used. If experience indicates another, more appropriate value for bevel
gears, it should be substituted.

Cr and Cy, are correction factors for non-average conditions [see Equations (9) to (12)].
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Figure 2 — Diagrams for the determination of the resonance speed, ngq, for the mating solid-steel
pinion/solid wheel, with ¢, = 20 N/(mm - pm)
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Table 2 — Influence factors c¢,1 to ¢,7 in Equations (18) to (21)

Influence a a
factor l<ays? dy>2
¢ P 0,32 0,32
C12=CG1t G2
c 0,57
G2 0,34 gV"{ _ 013
p " 0,096
3 e £yy —1,56
o 0,57 -0,05¢,,
0,90 —_—
Cva £y 1,44
cs' 0,47 0,47
= +
f . 0,12 Cv5,6.= G5 T Cue
e ! ey, —1.74
1< &y < 1,5 15< &y < 2,5 &y > 2,5
c,7 9 0,75 0,125 sin [z(g,, - 2)] + 0,875 1,0
& |For &, see Equation (A.39).
b IThis influence factor allows for pitch deviation effects andkis assumed to be constant.
€ [This influence factor allows for tooth profile deviationeffects.
d  [This influence factor allows for the cyclic variation effect in mesh stiffness.
€ [This influence factor takes into account resonant torsional oscillations of the gear pair, excited by cyclic
varigtion of the mesh stiffness.
f n the supercritical sector the influences on Ky,-g of the influence factors c¢,5 and c,g correspond to those pf
Cy1 dnd ¢, in the subcritical sector;
9 [This influence factor takes into account the component of force which, due to mesh stiffness variation, fs
deriyed from tooth bending.deflections during substantially constant speed.
7.7.3.4 Nain resonance sector (0,75 <N < 1,25)
With the simplifying:assumptions of method B, the following applies:
Ky = pett © eIz t vz + 1
I:mt KA

For ¢’ and fy eff see 7.7.3.3; for ¢y » and ¢4 see Table 2.

7.7.3.5 Supercritical sector (N > 1,5)

High-speed

Kv-B =

22

gears and those with similar requirements operate in this sector:

bfpeff c’

— Cuys6 * Cy7
I:mt KA

(20)

(21)
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For ¢’ and fp eff, S€€ 7.7.3.3; for cy5 ¢ and c,7, see Table 2.

7.7.3.6 Intermediate sector (1,25<N<1,5)

In this sector, the dynamic factor is determined by linear interpolation between K, g at N = 1,25 and K,_g at
N =1,5. K,.g is calculated according to 7.7.3.4 and 7.7.3.5 respectively.

Kve(n=1,25 — K
0,25

Kyg = Kyanots) + vBIN=19) (1,5- N) (22)

7.7.4 Method C, Ky.c

7.7.4.1 General comments

Figure 3 shows dynamic factors which can be used in the absence of specific knowledge,obthe dynamig¢ loads. The

curves of Figure 3 and the equations given below are based on empirical data, and, doynot account fof resonance
(see 7.6)

1,6 C-9

—_
Ul

\

—_
w

Dynamic factor, K, _¢

74
/// -7
//

' -——C=6’
/
1.1

Very accurate gearing

| W
0 10 20 30 40 m/s 50
Pitch line velocity, v.;

Figure 3 — Dynamic factors, K¢

Because of the approximate nature of the empirical curves, and the lack of measured tolerance values at the
design stage, the dynamic factor curve should be selected based on experience of manufacturing methods and
taking into account the operating conditions affecting the design (see 7.7.1). In most cases the contact pattern on
the tooth flank is helpful for comparison with previous experience.

The choice of curves 6 to 9 and “very accurate gearing” (7.7.4.2), should be based on the transmission error (see

7.4). If transmission error is not available, it is reasonable to refer to the contact pattern on the tooth flank. If the
contact pattern on each tooth flank is not uniform, pitch accuracy (single pitch deviation) can be incorporated as a
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representative value to determine the dynamic factor. C is the accuracy grade calculated according to the formulae
given in ISO 1328-1.

7.7.4.2 Very accurate gearing

Where gearing is manufactured using process control to very accurate gearing grades (generally speaking, when
C < 5 in accordance with 1ISO 1328-1, or where design, manufacturing and application experience ensure a low
transmission error), values of K,, between 1,0 and 1,1 may be used, depending on the specifier's experience with
similar applications and the degree of accuracy actually achieved. In order to be able to use these values correctly,
the gearing shall be maintained with accurate alignment and adequate lubrication so that its overall accuracy is

maintained

inder the operating conditions

7743 B

The empirig
such that:

6 < C 3
6<zg

1,25 <

mpirical curves

/A
[{e]

1200 or 10 000/my,,, Whichever is less

Mmnp < 50

al curves C=61to C=9 shown in Figure 3 are generated by the following equations for valtes of C,

Curves may be extrapolated beyond the end points shown in Figure 3 based on experience an@ careful

consideratig

defines the [end points of the curves in Figure 3.

Kv-C ]

Vet =V

where

-B
. S
A+ J200vg

A=50}56 (1,0 - B)

B=0,2
C is
kn

5 (C — 5,0)0,667

pwledge 0f'the single pitch deviation by rounding the calculated C value:

504.80n(2) - 1,144 In(Myyy,) + 2,852 In(fyy) + 3,32

n of the factors influencing dynamic load. For the purpose of computer calculations, Equgtion (28)

(23)

(24)

(25)

(26)

the 1SO aceuracy grade according to ISO 1328-1 (using my, and dpy,). It can also be calculated with

(27)

where

In i
z i
Mmn |

s the natural logarithmic function, i.e. loge()
s the number of pinion or gear teeth, which results in the highest value of C
s the mean normal module

s the single pitch deviation (at mean point) in micrometres.

The maximum recommended pitch line velocity vet max for a given quality grade C is determined as follows:

24
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[A+@a-0)?

Vet max — 200

(28)

where Vet max IS the maximum pitch line velocity at the outer pitch diameter (end point of K, curves in Figure 3), in
metres per second.

8 Fac

e load factors, Kyg, Krp

8.1 Gsg

8.1.1 1
load alon

8.1.2 K
width.

8.1.3 K

face width.

8.14 1
— gean
— align

— elas
resu

— bean

— Hert

he face load factors, Ky and Kgg, modify the rating formulae to reflect the non-uniform (distril
g the face width.

Hp is defined as the ratio between the maximum load per unit face width and the mean load g

rp is defined as the ratio between the maximum tooth root stress and the-mean tooth root stre

-

he amount of load distribution non-uniformity is influenced by:
-tooth manufacturing accuracy, and tooth-contact pattern and spacing;
ment of the gears in their mountings;

ic deflections of the gear teeth, shafts, bearings; housings, and foundations which support th
ting from either the internal or external gear loads;

ng clearances;

vian contact deformation of the tooth/surfaces;

ution of the

er unit face

bSs over the

e gear unit,

— thernal expansion and distortiomof the gear unit due to operating temperatures (especially imporfant on gear

unit
— cent|

8.1.5 1
magnitud
Similarly
contact 3

where the gear housing is made from a different material than the gears, shafts and bearings)

rifugal deflections due’to operating speeds.

he geometric,characteristics of a bevel-gear tooth change along its face width. Acco
es of the axial and radial components of the tangential load vary with the position of the to
the deflections of the mountings and of the tooth itself will vary, to in turn affect the position
nd its_size and shape.

For appl

rdingly, the
bth contact.
of the tooth

at full load

cations in which the operating torque varies, the desired contact shall be considered “ideal’

only. For

intermediate loads, a satistactory compromise will have 10 be accepled.

ISO 10300 is not applicable to bevel gears which have a poor contact pattern (see 5.4.8 and annex C).

8.2 Method A

A comprehensive analysis of all influence factors, such as measurement of tooth root stress in service, is needed
for an exact determination of the load distribution across the face width according to method A. However, due to its
high cost, this type of analysis will be restricted in practice.
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8.3 Method B

An approac

h for bevel gears corresponding to method B has yet to be evaluated.

8.4 Method C

8.4.1 Face load factor, Kyg.c

In the case of bevel gears, the face load distribution is influenced essentially by the crowning of the gear teeth and
by the deflections occurring in service. To take account of this crowning effect (point contact), the rectangular

contact aref 1S replaced by an Inscribed ellipse, WhoSe major axis 1S equal 1o the common face widih b gnd minor
axis is equgl to the length of the transverse path of contact of the corresponding virtual cylindricalcgealr. This is
considered|in the calculation of the load distribution by a factor of 1,5, which applies, however, only to gear sets
with satisfagtory contact patterns as defined in annex C.
The influence of the deflections, and thus of the bearing arrangement, is accounted for. by the mounting factor
KHp-be: @ccprding to Table 3.
In order to pompensate for an effective face width under full load be less than 85-%-of the face width b/ the face
load factorg are to be corrected. Thus, the decisive load distribution factor Kyg.c.is:
Khpg-c[=1,5 Kng-be forb, > 0,85Db (29)
0,85
Kus-cl=1.5 Kyg-pe* ——— forb,<0,85b 30
This equatipn shall not be valid for uncrowned gears.
Table 3 — Mounting factor, Kyg-pe
Verification of contact pattern Mounting conditions of pinion and gear
Neither member One member Both memberg
Conjact pattern is checked: cantilever cantilever cantilever
mounted mounted mounted

for gach gear set in its housing under full load 1,00 1,00 1,00

for gach gear set under light-test load 1,05 1,10 1,25

for g sample gear setand-/estimated for full load 1,20 1,32 1,50

NOTE Based.on optimum tooth contact pattern under maximum operating load as evidenced by results pf

a defflection test'on the gears in their mountings.
WARNING [—The observed contact pattern is normally an accumulated picture of each possible tgoth-pair
combinatign_The formulae above are valid only if the shifting of the tooth contact pattern, duTing one

revolution of the gear, either towards the heel or toe, is small. Otherwise, the smallest contact pattern
should be taken for the determination of be. This shifting of single contact patterns is particularly

pronounce

d for gears finished only by lapping.

8.4.2 Face load factor, Keg.c

Krp accounts for the effect of the load distribution across the face width on the tooth root stress.

Kep-c

26

= Knp /Kro

(31)
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Where, for

Knug see8.4.1;

Kro  see 8.4.3.

8.4.3 Lengthwise curvature factor for bending strength, Kgg

The lengthwise curvature factor, Kgg, depends on:

a) spiraf angle;

b) lengihwise tooth curvature.

8.4.3.1 | Formula

The formfula for the lengthwise curvature factor is given by:

q
Keg = 0,211 [E—OJ +0,789 (32)

m

for spiral bevel gears
Kro ¥ 1,0 (33)
for straight bevel or zerol gears
where
reo |is cutter radius, in millimetres;

Ry |is mean cone distance, in millimetres;

0,279

— 34
0g10(Sin Bm) 59

gq=

Pm |is the mean spiral angle.

If the calfulated value/of\Kgq is greater than 1,15, then make Kgg = 1,15; whereas if the calculated valpe of Kgg is
less than| 1,0, make Kgg = 1,0.

9 Traphsverse load factors, Kyg, Krg

9.1 General comments

The distribution of the total tangential force over several pairs of meshing teeth depends, in the case of given gear
dimensions, on the gear accuracy and the value of the total tangential force. The factor Ky, accounts for the effect

of the load distribution on the contact stress, while K, accounts for the effect of the load distribution on the tooth

root stress (see 1SO 6336-1 for further information). The use of method A requires comprehensive analysis (see
9.2), whereas the methods of approximation B and C (see 9.3 and 9.4) are sufficiently accurate.
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9.2 Method A

The load distribution taken as the basis for the load capacity calculation can be determined by measurement or by
an exact analysis of all influence factors. However, when the latter is used, the method's accuracy and reliability
shall be proved and its premises clearly presented.

9.3 Method B

9.3.1 Bevel gears having virtual cylindrical gears with contact ratio &y, < 2

€ Cy (fpt—Vy
Ko =|Kpq = —2L o,9+o,4M (35)
2 Fmtn/b
where
o s mesh stiffness, as an approximation, ¢, = 20 N/(mm - um) (see 7.7.3.2);
fpt s single pitch deviation, maximum value of pinion or wheel,

NOTE  For design calculations the tolerance of the wheel according to,1SO)1328-1 can be used.

Yo S running-in allowance (see 9.5);
Fmtt Is decisive tangential force at mid-facewidth on the referense cone, Fmy = Fmt Ka Ky Kyg.

Kho, Kro, mpy also be taken from Figure 4.

2 85 3 2
7
1,7
. /_
k“if 15 % // 15 5
1,3
A A
L L }
1 e A
0 1 Ex(fpt_yo() 2 3
Fnth
b

Figure 4 — Transverse load factors, Kyg.g and Krg.
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9.3.2 Bevel gears having virtual cylindrical gears with contact ratio &, > 2

KH(X = KFO( = 0,9+0,4

2 (gvy —1) Gy (fpt—ya)
Evy Fmti /D

where, for

CY
fot

Yo

see 9.3.1;

ISO 10300-1:2001(E)

(36)

oo a
ee 93T,

see 9.3.1;

FmtH see 9.3.1.

9.3.3 Bjoundary conditions

If Koo K, < 1, then Ky, Kgg, is to be taken as unity.

If in accordance with Equations (35) and (36)

Kh

Kh

8VY

> , then

Of
Eva Zis

__ &w

0 2
Eva Zis

is to be taken.

For Z g

dee ISO 10300-2.

If in accordance with Equations (35) and\(36)

Kg

Krof =

is to be

Evy
Evo Ye

> , then

O

Iken.
€O 102002

37

(38)

C A4 c \~a~an- o

With these boundary conditions the most unfavourable load distribution is assumed, i.e. only one pair of teeth
transmits the total tangential force, and the calculation is therefore on the safe side. It is recommended that the

accuracy of helical and spiral bevel gears be chosen so that neither Ky, nor Kg,, exceeds gygn.

©1S0 20

01 — All rights reserved

29


https://standardsiso.com/api/?name=daa3a2e1c35e6c8fde43fb268a6f5fef

ISO 10300-1:2001(E)

9.4 Meth

9.4.1 Gen

odC

eral comments

This method is, in general, sufficiently accurate for industrial gears. For the determination of the factors Kyq.c,
Kro.c the gear accuracy grade, specific loading, gear type and running-in behaviour must be known. The
running-in behaviour is expressed by material and type of heat treatment.

9.4.2 Premises, assumptions

94.1.1 Transverse contact ratio: 1,2 < g, < 1,9, applies to tooth stiffness (see ISO 6336-1).
9.4.1.2 Stiffness values ¢’ = 14 N/(mm - pm) or ¢, = 20 N/(mm - um), according to 7.7.3.2 and 7.7.3.3.
9.4.1.3 A single pitch deviation is assigned to each gear accuracy grade. With this assumption, tjansverse
load distribution factors are obtained which are on the safe side for most applications, i.e~in_case of mean|and high
specific loaglings, as well as in case of specific loadings, Fmt Ka/be < 100 N/mm.
9.4.3 Detérmination of the factors
Kho-c and Keq.c shall be taken from Table 4.
Table 4 — Transverse load distribution factors, Kyg.c and Keg.c
Specific loading Kp Fyi/be 2~100 N/mm < 100 N/mm]
Gegr accuracy grade accordingto | 6 and 7 8 9 10 11 12 all accuracy
I$O 1328-1 (using dy, and my,y,) better grades
(see 5.3.2)
: K 1/ZL25 or 1,2, whichever is greater
Stralgeh;rk;evel Hot 0 11 1,2
Surface g Keg, 1/Y, or 1,2, whichever is greater
hardened K
i ; H
Helical and spiral T 10 | 11 | 12 | 14 £yan O 1,4, whichever is greater
bevel gears Krq
1Z%0r1,2
Straightbevel Ho. 1,0 11 12 whichever is greater
Not &° 1Y, 0r 1,2
hZLrlcer:rfgd Kra whichever is greater
i i Ko
Helical and spiral 1,0 11 12 1.4 . €van o.r 1,4
bevel gears Keq whichever is greater
NOTE For Z, 5 see ISO 10300-2, for Y, see ISO 10300-3.

30
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The running-in allowance, y,, is the amount due to running-in by which the mesh alignment error is reduced from
the start of the operation. In the absence of direct experience, y, may be taken from Figure 5 or Figure 6. The
following equations, representing the curves in these figures, may be used for the calculation (where fy: see 9.3.1).

25 |
20 Vot > 10 m/s
16 max.
pm pam
f» s
10 .5 max.
@V /
. 8 max.
/ 6,5 max.
c 5,5 max.
-1
>
. 3 max.
2 / /
0'5 / yd
3 5 10 20 L0 50 pm 100
fpf

Key

grey cast iron

structural and through hardened steel

case hardened and nitrided steel

Figure 5— Running-in allowance, y,, of gear pairs with a tangential speed of vy, > 10 m/s
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100
n Vot = 10 m/s /
g /| / > Vo = 5 m/s
50 A
S
/‘ v 32 MmMdaA.
25 / 44// // um
g A AL 22 max.
20 & 7 7 215 max. 5 < Vet
< = 10N\m/s
15 m@/ 4/, 717 16 max.
,,\"Q/ // / // 13 max.
= 10 x\‘@/ A A, 10,5 max.
~ 6
' 24%%
/(o@ ///
/ / ///
5 A %@Q /
//// S
/1 // S| —13 max.
25 LA /A Y
2 4 / //
4y
1,5
/// /
1 d 4
8910 15 20 30 40-50 60 80 100 150 um 250
fot
Key
structuraland through hardened steel
grey-Castiron
I case hardened and nitrided steel
Figure 6 ~=Running-in allowance, y,, of gear pairs with a tangential speed of vy < 10 m/s
For throughthardened steels:

160
Yo = fot (39)
* Onim "
for Vit < 5 m/s: without restriction

for5m/s <vpm <10 m/s: Yy, < 12 800/0y |im

for Vit > 10 m/s: Yo < 6400/ oy |im
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For grey cast iron:
Yo =0,275 fIot (40)
for vt < 5 m/s: without restriction
for 5m/s < vy <10 m/s:  y, < 22 pm
for vyt > 10 m/s: Yo < 11 pm
For casethardened and nitrided gears:
Yo 0,075 fp (41)
for gl speeds with the restriction:  y, < 3 pum
When materials of pinion and wheel are different:
Vo ¥ Yol ; Yo2 (42)
wherein Y1 is to be determined for the pinion material and y,, for the¢wheel material.
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Annex A
(normative)

Calculation of bevel gear geometry

A.1 General

Annex A cd
bevel-gear

If a transveq
obtained wi
based on th

For helical

partly cons
presented

A.2 Initis

The bevel-g
type Il (see

ntains geometric relations required for generating the data for the virtual cylindrical gear, req
oad-capacity calculations.

rse section of a bevel-gear tooth at midface is developed into a plane, a virtyal cylindricg
th nearly involute teeth (Tredgold’s approximation). The load capacity calculations of ISO 1
e virtual gears and the conditions at mid-facewidth of the bevel gears (see A.6):

and spiral bevel gears, the result is a virtual helical gear. For the load capacity calculation, th

dered in transverse, and partly in normal, section. The correspending relations for the d
ere apply exclusively to gears with (Xom1 + Xhm2) = 0.

| data

ear data may be supplied in either of the two commenly used forms: data type | (see Table A.]
Table A.2). Relationships for conversion between the two forms are given in A.3 to A.8.

Table A.1 — Data type |

juired for

| gear is
D300 are

S gear is
ear data

) or data

Basic data Alternative data Alternative data

Sym. Description Sym. Description Sym. Description

o normal pressure angle

71/, | number of teeth

P shaft angle

ddo outer pitch diameter of gear Mnn | Mean normal module

bh mean spital-angle

b faceqidth
Pao2 |cutter edge radius

reh cutter radius
Xsm1,2 | thickness modification coefficient
Xnm1,2 | profile shift coefficient
h*f01,2 tool dedendum (related to Mmn)
hao12 |tool addendum (related to mmn)
Spr1,2 | Protuberance

34

© ISO 2001 - All rights reserved


https://standardsiso.com/api/?name=daa3a2e1c35e6c8fde43fb268a6f5fef

Table A.2 — Data type Il

ISO 10300-1:2001(E)

Basic data

Alternative data

Alternative data

Sym.

Description

Sym. Description

Sym.

Description

o, | normal pressure angle

number of teeth

2 |shaft angle

Re | outer cone distance

Mgt | outer transverse module

Pqg

outer diametral pitch

Bn | mean spiral angle

b face width

a12 |face angle

Ur1,2 | dedendum angle

Lo1,2 |cutter edge radius

rco |cutter radius

mean normal circular
thickness

nni,2

mean transverse circular
thickness

Smt1,2

s‘.51mn1,2

mean normal toplandl

hael,Z

outer addendum

H

fe1,2 |Outer dedendum

protuberance

borl,2

A.3 Ba
Gear rati
u=4
Pitch ang
tan {
Oy =
for
tan {

Outer co

sic formulae

D U:

b /21 = sin d5/sin 61
le o:

b1 = sin 2J(cos X'+ u)
-0

=90°

b1 = 1/u;fan oo = u

ne distance Re:

(A.1)

(A.2)

(A.3)

(A.4)

Re:

0,5 deo/sin 07 = 0,5 degy/sin 91

Mean cone distance Ry:

Rm=Re — (b/2)

Outer transverse module mgt:

Met =dep/ 2o =de1 /24 =25,4/ Py
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Mean transverse module my:

Myt =

m
R Mgt
e

Mean normal module myp:

Mmn = Mmt COS fin

Mean pitch

diameter dy,:

Om 1,2
Addendum

0a1,2

de 12 — bsin 615 =My, 215/ cos Sy
angle 6y

Oa12— 01,2

For cofstant addendum:

03|
Dedendum

01,2 7

12=012>6412=0
angle G

012~ 0f12

For copstant dedendum:

O

A.4 Data

In case of
manufactur

Dedendum
normal mod

Nto12 3

Addendum
normal moqg

12=012—>0f12=0

of basic rack tooth profile and of'the tool respectively

data type | (Table A.1) hyg, hyg @hd' p4o can generally be taken from the information give

el

of the tool hf*o (i.e. addendum of the basic rack tooth profile h;p, see Figure A.1) related to
ule:

hfo1,2/Mimn = hapi2/Mmn = hap12

of the toal h;o (i.e. dedendum of the basic rack tooth profile hf*p, see Figure A.1) related to
ule:

Na012

hade.2/Mmn = hp1.2/Mnn= hip1o

Common values are:

Pa0/Mmn=0,2t0 0,4

*
hto

*
haO

=10

=1,25101,30

(A.8)

(A.9)

(A.10)

(A.11)

(A.12)

(A.13)

(A.14)

n by the

he mean

(A.15)

he mean

(A.16)

In case of data type Il (Table A.2) only the tool tip radius pyg is indicated. In that case h;o and h;o can be
calculated if needed (see Equations A.17 to A.21).
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/2 - My,

Xsm " Man S amn Xsm - Mmn

/

hap
>
Xhm * Man

hy

Key

1 Tooth profile with profile shift and thickness modification.
2 Basic|rack tooth profile acc. to 1ISO 53.

Figure A.1 — Basic rack tooth profile

A.5 Topth depth at midface
A.5.1 Ip case of data type | (Table A.1):

Meah addendum hgp
ham1,2 = Mmn (001,23 X4Am1,2) (A.17)
Meah dedendum hgg
htm1,2 = MR 01,2 = Xhm1,2) (A.18)
A.5.2 Ip case.of data type Il (Table A.2):

Meah‘addendum hgp,

b
Nam1.2 = Nae1,2 — 3 tanf,1 2 (A.19)

Mean dedendum hgy,

b
Nfm1,2 = Nfe12 — 5 tan&sy o (A.20)

Profile shift coefficient Xy

Xhm1,2 =(ham1,2 — ham2,1)/(2Mmn) (A.21)
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A.6 Data of virtual cylindrical gear in transverse section (suffix v)

For the quantities of the virtual cylindrical gear, shown in Figure A.2, the suffix m, which normally indicates the
conditions at mid-face width, is not used.

Figure A.2 — Quantities for the calculation of virtual cylindrical gears
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