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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.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 3.

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

Attention is drawn to the possibility that some of the elements of this part of ISO 10300 may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such patent rights.

International Standard ISO 10300-1 was prepared by Technical Committee ISO/TC 60, Gears, Subcommittee
SC 2, Gear capacity calculation.

ISO 10300 consists of the following parts, under the general title Calculation of load capacity of bevel gears:
— Part 1: Introduction and general influence factors

— Part 2: Calculation of surface durability (pitting)

— Part 3: Calculation of tooth root strength

Annex A forms an integral part of this part of ISO 10300. Annex B and annex C are for information only.
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Introduction

Parts 1, 2 and 3 of ISO 10300, taken together with ISO 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.

Several methods for the calculation of load capacity and various factors are specified by ISO 10300, whose
guidelines are complex, yet flexible. There could be differences of up to 20 % to 25 % between the results of
calculations carried out using method B with method B1 and method B2 with method C. The combined use of
methods B2 and C, considered the methods of greater simplification, provides a more conservative safety factor.
Detailed or simplified methods can be included, as appropriate, in application standards derived from ISO 10300 in
the fields of industrial and marine gears. However, it must be stressed that the methods’ use for specific
applications demands not only experience with combined calculation methods, but also a realistic and
knowledgeable appraisal of all relevant considerations, as well as appropriate safety factors.

The more detailed calculation methods of ISO 10300 are intended for the recalculation of the load capacity limits of
gears where all important data, such as existing gear sets and completed gear designs, is known. The approximate
methods of ISO 10300 are to be used for preliminary estimates of gear capacity where the final details of the gear
design are as yet unknown.

The procedures covered by ISO 10300 are based on both testing and theoretical studies. However, the results
obtained from its rating calculations may not be in good agreement with certain, previously accepted, gear-
calculation methods.

ISO 10300 provides methods by which different gear designs can be compared. It is not intended to ensure the
performance of assembled gear-drive systems. Neither is it intended for use by the average engineer. Rather, it is
aimed at the experienced gear designer capable of selecting reasonable values for the factors in these formulae,
based on knowledge of similar designs and on awareness of the effects of the items discussed.
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Calculation of load capacity of bevel gears —

Part 1:
Introduction and general influence factors

1 Scope

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

The formulae take into account the known major factors influencing gear-tooth pitting and fractures at the root fillet,
as well as allowing for the inclusion of new factors at a later date. The rating formulae are not applicable to other
types of gear-tooth deterioration such as plastic yielding, micropitting, case crushing, welding, and wear. The
bending-strength formulae are applicable to fractures at the tooth fillet, but not to those on the tooth-working profile
surfaces, nor to failure of the gear rim or of the gear blank through the web and hub. Pitting resistance and
bending-strength capacity rating systems for a particular category of bevel gear can be established by selecting
proper values for the factors used in the general formulae. ISO 10300 is not applicable to bevel gears which have
an inadequate contact pattern.

ISO 10300 is restricted to bevel gears whose virtual cylindrical gears have transverse contact ratios of &,y < 2. The
given relations are valid for gears of which the sum of addendum modification factors of pinion and gear is zero, i.e.
the normal operating pressure angle of the gear pair is the same as the normal pressure angle of the basic rack.

NOTE Methods for the calculation of the load capacity of hypoid gears are indicated by the manufacturers of gear-cutting
machines.

CAUTION — The user is cautioned that when the methods are used for large spiral and pressure angles,
and for large face width 5 > 10 mp,,, the calculated results of ISO 10300 should be confirmed by experience.

2 Normative references

The following normative documents contain provisions which, through reference in this text, constitute provisions of
this part of ISO 10300. For dated references, subsequent amendments to, or revisions of, any of these publications
do not apply. However, parties to agreements based on this part of ISO 10300 are encouraged to investigate the
possibility of applying the most recent editions of the normative documents indicated below. For undated
references, the latest edition of the normative document referred to applies. Members of ISO and IEC maintain
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, Voocabulary of gear terms — Part 1: Definitions related to geometry.

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 Terms and definitions

For the purposes of this part of ISO 10300, terms and definitions consistent with those given in ISO 53 and
ISO 1122-1 apply.

4 Symbols and abbreviations

The symbols used in this part of ISO 10300 (see Table 1) are based on those of ISO 701, while also including
symbols given in ISO 1328-1.
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Table 1 — Symbols and abbreviations used in parts 1, 2 and 3 of ISO 10300

Full document details: BS ISO 10300-1:2001

Symbol Description or term Unit
ay 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 mm
Abg’ effective heel increment of face width mm
Ab; toe increment of face width mm
Ab} effective toe increment of face width mm
cy dimensionless parameter —_
¢y mesh stiffness N/(mm - um)
€0 mesh stiffness for average conditions N/(mm - um)
' single stiffness (see ISO 6336-1) N/(mm - um)
co' single stiffness for average conditions N/(mm - um)
de outer pitch diameter mm
dm mean pitch diameter mm
dy reference diameter of virtual cylindrical gear mm
dya tip diameter of virtual cylindrical gear mm
dyan tip diameter of virtual cylindrical gear in normal section mm
dyp base diameter of virtual cylindrical gear mm
dybn base diameter of virtual cylindrical gear in normal section mm
dyn reference diameter of virtual cylindrical gear in normal section mm
f distance to a line of contact mm
f referred distance to middle line of contact —
Ja profile form deviation pm
Jmax maximum distance to middle line of contact mm
Tt single pitch deviation pm
Jp eft effective pitch deviation pm
fF load correction factor —
gf0 assumed distance in locating weakest section mm
8va length of path of contact of virtual cylindrical gear mm
8van length of path of contact of virtual cylindrical gear in normal section mm
Sxb distance between the centre of the cutter edge radius and the centreline of mm
the gear measured along the tool reference plane
8yb distance from centre of tooth tip edge radius to crown gear pitch surface mm
measured in a direction perpendicular to pitch surface
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Table 1 (continued)

4

Full document details: BS ISO 10300-1:2001

Symbol Description Unit
8za intermediate variable for calculating tooth strength factor mm
87b intermediate variable for calculating tooth strength factor mm
8J intermediate variable for calculating tooth strength factor mm
gy’ intermediate variable for calculating tooth strength factor mm
8K projected length of instantaneous line of contact in lengthwise direction of mm

tooth
8n length of action within the contact ellipse mm
80 distance from centreline of crown gear (tool) space to tool centre tip edge mm
radius measured in mean normal section
20" distance from mean section to centre of pressure measured in the mm
lengthwise direction along the tooth
Nae outer addendum mm
ham mean addendum mm
hap addendum of the basic rack profile mm
hao tool addendum mm
hie outer dedendum mm
hip dedendum of the basic rack profile mm
htm mean dedendum mm
hto tool dedendum mm
hEa bending moment arm for tooth root stress (load application at tooth tip) mm
hN load height from critical section mm
k summation index —
K constant of location —
Iy length of contact line mm
Ibm length of middle line of contact mm
lbm projected length of middle line of contact mm
Met outer transverse module mm
Mmn mean normal module mm
Mt mean transverse module mm
Myed mass per mm facewidth reduced to the line of action of the dynamically kg/mm
equivalent cylindrical gears
m" relative individual gear mass per unit facewidth referred to line of action kg/mm
n rotational speed min—1
nE resonance speed of pinion min-1
p peak load N/mm
pr protuberance of the tool mm
Prax maximum peak load N/mm
P referred peak load —
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Table 1 (continued)

Full document details: BS ISO 10300-1:2001

Symbol Description Unit
Det transverse base pitch of virtual cylindrical gear mm
q machining stock mm
q exponent in the formula for lengthwise curvature factor —
qs notch parameter —
qsT notch parameter of test gear —
reo cutter radius mm
Fmf tooth fillet radius at the mean section mm
Tmy 0 mean transverse radius to point of load application mm
Aryo distance 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
Spr amount of protuberance mm
Smt mean transverse circular thickness mm
SFn 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 outer 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 thickness modification coefficient —
XN pinion tooth strength factor mm
Yp rgnning-in allowance for pitch error related to the smooth polished test pm
piece
vy location of point of load application for maximum bending stress on path of mm
action
¥3 location of point of load application on path of action mm
Yo, running-in allowance for pitch error pm
z number of teeth —
Zy number of teeth of virtual cylindrical gear —
Zyn number of teeth of virtual cylindrical gear in normal section —
A auxiliary factor for dynamic factor —
A’ auxiliary value for load sharing factor mm?2
A auxiliary value for load sharing factor mm?2
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Table 1 (continued)

Symbol Description Unit
Agne outer tooth thickness allowance mm
A auxiliary value for load sharing factor mm?2
auxiliary factor for dynamic factor —
C quality grade —
Ca tip relief pm
Cp correction factor for tooth stiffness for non-average conditions —
Cg 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
E, G H auxiliary factors for tooth form factor —
F auxiliary factor for mid-zone factor —
Fmt nominal tangential force at reference cone at mid-facewidth
FtH decisive tangential force at reference cone at mid-facewidth
HB Brinell hardness —
K constant; factor concerning tooth load —
K, dynamic factor —
Kp application factor -
Kro lengthwise curvature factor for bending stress —
Krq, transverse load factor for bending stress —
Krp face load factor for bending stress —
Ky, transverse load factor for contact stress —
Ky face load factor for contact stress —
Khp-be bearing factor —
L empirical constant used in stress correction formula —
Ly auxiliary factor for correction factor —
M empirical constant used in stress correction formula —
N reference speed for ngq —
NL number of load cycles —
0 empirical constant used in stress correction formula —
nominal power kW
P, outer diametral pitch inch-1
Ra = CLA = AA arithmetic average roughness pum
Re outer cone distance mm
Rm mean cone distance mm
Rz mean roughness pm
Rzt mean roughness of test gear pm
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Table 1 (continued)

ISO 10300-1:2001

Symbol Description Unit
Rzqg mean roughness for gear pairs with peq = 10 mm pum
NE safety factor for bending stress (against breakage) —
SE min minimum safety factor for bending stress —
SH safety factor for contact stress (against pitting) —
SH min minimum safety factor for contact stress —
T nominal torque Nm

Y tooth form factor —

Y inertia factor -
Yi stress concentration and stress correction factor —
Ya bevel gear adjustment factor —
Yg bending stress factor —
Yo 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 —
Yis load sharing factor (bending strength) —
YNT life factor of the standard test gear —
Yp combined geometry factor —
YR surface factor of smooth 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 stress correction factor for dimensions of standard test gear —
Yx size factor for tooth root stress —
Ys dynamic sensitivity factor of the gear to be determined —
YsT dynamic sensitivity factor of the standard test gear —
Ysrel T relative sensitivity factor —
Ye contact ratio factor (tooth root) —
Z, speed factor —
Zg elasticity factor —
ZH zone factor -
Zk bevel gear factor (flank) —
7L lubricant factor —
Zis load sharing factor —
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Table 1 (continued)
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Full document details: BS ISO 10300-1:2001

Symbol Description Unit
ZMB mid-zone factor —
ZNT life factor of the standard test gear —

Zp roughness factor for contact stress —
Zx size factor —
Zw work-hardening factor —
Zg helix angle factor for contact stress —
Oh normal pressure angle at point of load application on the tooth centreline °
O normal pressure angle °
Oiyn normal pressure angle of virtual cylindrical gear (=04, ) °
it transverse pressure angle of virtual cylindrical gear °
Oyt 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 °
Bin mean spiral angle °
Lo helix angle at base circle of virtual cylindrical gear °
A auxiliary angle for tooth form and tooth correction factor °
o pitch angle °
0a face angle °
¢ root angle °
& transverse contact ratio of virtual cylindrical gear —
Eon transverse contact ratio of virtual cylindrical gear in normal section —
&p overlap ratio of virtual cylindrical gear —
&y modified contact ratio —
N load sharing ratio —
6 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
P density kg/mm3
Pa0 cutter edge radius mm
Psp root fillet radius of basic rack for cylindrical gears mm
Pred radius of relative curvature mm
PFEn fillet radius at point of contact of 30° tangent mm
o gliding thickness mm
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Table 1 (continued)

Symbol Description Unit
OB tensile strength N/mm?2
O tooth root stress N/mm2

OF lim nominal stress number (bending) N/mm2
Okg allowable stress number (bending) N/mm2
OFp permissible tooth root stress N/mm2
Oro local tooth root stress N/mm?2
OH contact stress N/mm2

OH lim allowable stress number for contact stress N/mm?2
Olp permissible contact stress N/mm2
Olo nominal value of contact stress N/mm?2
0p 2 stress at 0,2% permanent elongation N/mm2

T angle between tangent of root fillet at weakest point and centreline of tooth °
v auxiliary factor for tooth form and tooth correction factors —
1% Poisson’s ratio —

V40, V50 nominal kinematic viscosity of the oil at 40° C and 50° C respectively mm?2/s
0] angular velocity rad/s
X relative stress drop in notch root mm-1

Jass relative stress drop in notch root of test gear mm-"
z shaft angle °

Other subscripts
0 tool
1 pinion
2 wheel
X dynamically equivalent cylindrical gears

-A,-B,-B1,- | value according to method A, B, B1, B2 or C
B2, -C
(1), (@) trials of interpolation

: value related to mp,, (except m*)
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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 such cases. Wherever there is disagreement, full-scale, full-load testing is preferred over any of the
methods A to C, while method A, if its accuracy and reliability are proven, is preferred over method B, which in turn
is preferred to method C.

5.1.2 Full-scale, full-load testing

The most valid method of predicting overall gear system performance is the full-scale, full-load testing of a specific
gear drive design in order to determine its capacity. This will not require verification by calculation using any of the
methods given. However, it is customary for bevel gears to be developed from a preliminary design according to
methods B or C, then refined by testing to achieve optimum tooth contact, smoothness of operation and
adjustability.

5.1.3 Method A

Where sulfficient experience from the operation of other, similar designs is available, satisfactory guidance can be
obtained by the extrapolation of the associated test results or field data. The factors involved in this extrapolation
may be evaluated by the precise measurement and comprehensive mathematical analysis of the transmission
system under consideration, or from field experience. All gear and load data is required to be known for the use of
this method, which shall be clearly described and presented with all mathematical and test premises, boundary
conditions and any specific characteristics of the method that influence the result. The accuracy and the reliability
of the method must be demonstrated. Precision, for example, shall be demonstrated through comparison with
other, acknowledged gear measurements. The method should be approved by both the customer and the supplier.

5.1.4 Method B

Again, where sufficient experience from the operation of other, similar designs is available, satisfactory guidance
can be obtained by the extrapolation of the test results or field data associated with them. However, it is
recommended that the calculation methods be used for comparison of the designs. Additionally, approximate
methods are given for some factors, together with the assumptions relevant to their evaluation. The validity of these
assumptions for the given working conditions shall be checked.

5.1.5 Method C

Where suitable test results, or field experience from similar designs, are unavailable for use in the evaluation of
certain factors, further simplified calculation methods should be used. These are appropriate for particular fields of
application or on the basis of certain 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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