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Foreword

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

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

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of any
patent rights identified during the development of the document will be in the Introduction and/or on
the ISO list of patent declarations received. www.iso.org/patents

Any trade name used in this document is information given for the convenience of users and does not
constitute an endorsement.

For an explanation on the meaning of ISO specific terms and expressions related to conformity
assessment, as well as information about ISO’s adherence to the WTO principles in the Technical Barriers
to Trade (TBT) see the following URL: Foreword - Supplementary information

The committee responsible for this document is ISO/TC 60, Gears, Subcommittee SC 2, Gear capacity
calculation.

This second edition cancels and replaces the first edition (ISO 10300-1:2001), which has been technically
revised.

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
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Introduction

When ISO 10300:2001 (all parts, withdrawn) became due for (its first) revision, the opportunity was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

Several calculation methods, i.e. A, B and C, are specified, which stand for decreasing accuracy and:
reliability from A to C because of simplifications implemented in formulae and factors. The approximate ‘.
methods in ISO 10300 (all parts) are used for preliminary estimates of gear capacity where the final :
details of the gear design are not yet known. More detailed methods are intended for the recalculation :
of the load capacity limits when all important gear data are given.

[SO 10300 (all parts) does not provide an upgraded calculation procedure as a method A, although it
would be available, such as finite element or boundary element methods combined with sophisticated
tooth contact analyses. The majority of Working Group 13 decided that neither is it sufficient for an
International Standard to simply refer to such a complex computer program, nor does it make sense to
explain it step by step in an International Standard.

On the other hand, by means of such a computer program, a new calculation procedure for bevel and
hypoid gears on the level of method B was developed and checked. It is part of the ISO 10300 series as
submethod B1. Besides, if the hypoid offset, g, is zero, method B1 becomes identical to the set of proven
formulae of the former version of ISO 10300 (all parts):2001.

In view of the decision for ISO 10300 (all parts) to cover hypoid gears also, an annex, called: “Calculation
of virtual cylindrical gears — Method B2”, is included in this part of ISO 10300. Additionally, [SO 10300-2
is supplemented by a separate clause: “Gear flank rating formulae — Method B2”; regarding ISO 10300-3,
itwas agreed that the former method B2, which uses the Lewis parabola to determine the critical section
in the root and not the 30° tangent at the tooth fillet as method B1 does, now be extended by the AGMA
methods for rating the strength of bevel gears and hypoid gears. It was necessary to present a new,
clearer structure of the three parts, which is illustrated in Figure 1 (of this part of ISO 10300). Note,
ISO 10300 (all parts) gives no preferences in terms of when to use method B1 and when method B2.

The procedures covered by ISO 10300 (all parts) are based on both testing and theoretical studies, but
it is possible that the results obtained from its rating calculations might not be in good agreement with
certain, previously accepted, gear calculation methods.

[SO 10300 (all parts) provides calculation procedures by which different gear designs can be compared.
It is neither meant to ensure the performance of assembled gear drive systems nor 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.

NOTE Contrarytocylindrical gears,wherethe contactisusuallylinear,bevel gearsare generally manufactured
with profile and lengthwise crowning: i.e. the tooth flanks are curved on all sides and the contact develops an
elliptical pressure surface. This is taken into consideration when determining the load factors by the fact that the
rectangular zone of action (in the case of spur and helical gears) is replaced by an inscribed parallelogram for
method B1 and an inscribed ellipse for method B2 (see Annex A for method B1 and Annex B for method B2). The
conditions for bevel gears, different from cylindrical gears in their contact, are thus taken into consideration by
the longitudinal and transverse load distribution factors.
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Key
a  One set of formulae for both, bevel and hypoid gears.
b Separate sets of formulae for bevel and for hypoid gears.

Figure 1 — Structure of calculation methods in ISO 10300 (all parts)
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Calculation of load capacity of bevel gears —

Part 1:
Introduction and general influence factors

1 Scope

This part of ISO 10300 specifies the methods of calculation of the load capacity of bevel gears, the
formulae and symbols used for calculation, and the general factors influencing load conditions.

The formulae in ISO 10300 (all parts) are intended to establish uniformly acceptable methods for
calculating the pitting resistance and bending strength of straight, helical (skew), spiral bevel, Zerol and
hypoid gears. They are applicable equally to tapered depth and uniform depth teeth. Hereinafter, the
term “bevel gear” refers to all of these gear types; if not the case, the specific forms are identified.

The formulae take into account the known major factors influencing pitting on the tooth flank and
fracturesinthetoothroot. Theratingformulaearenotapplicableto othertypesofgeartoothdeterioration
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 active flank surfaces, to failures
of the gear rim or of the gear blank through the web and hub. Pitting resistance and bending strength
rating systems for a particular type of bevel gears can be established by selecting proper values for the
factors used in the general formulae. If necessary, the formulae allow for the inclusion of new factors at
alater date. Note, ISO 10300 (all parts) is not applicable to bevel gears which have an inadequate contact
pattern under load (see Annex D).

The rating system of ISO 10300 (all parts) is based on virtual cylindrical gears and restricted to bevel
gears whose virtual cylindrical gears have transverse contact ratios of ey < 2. Additionally, the given
relations are valid for bevel gears of which the sum of profile shift coefficients of pinion and wheel is
zero (see ISO 23509).

‘WARNING — The user is cautioned that when the formulae are used for large average mean spiral
-angles (Bm1+Pmz2)/2 > 45°, for effective pressure angles ae > 30° and/or for large face widths
‘b > 13 mpp, the calculated results of ISO 10300 (all parts) should be confirmed by experience.

2 Normative references

“The following documents, in whole or in part, are normatively referenced in this document and are
indispensable to its application. For dated references, only the edition cited applies. For undated
references, the latest edition of the referenced document (including any amendments) applies.

[SO 1122-1, Vocabulary of gear terms — Part 1: Definitions related to geometry
ISO 6336-5, Calculation of load capacity of spur and helical gears — Part 5: Strength and quality of materials

ISO 10300-2:2014, Calculation of load capacity of bevel gears — Part 2: Calculation of surface durability
(pitting)

ISO 10300-3:2014, Calculation of load capacity of bevel gears — Part 3: Calculation of tooth root strength
ISO 17485, Bevel gears — ISO system of accuracy
[SO 23509:2006, Bevel and hypoid gear geometry
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3 Terms and definitions

For the purposes of this part of ISO 10300, terms and definitions given in ISO 1122-1 and ISO 23509
apply.

4 Symbols and units

For the purposes of this document, the symbols given in ISO 701, ISO 17485 and ISO 23509 apply.

Table 1 contains symbols and their units which are used at more than one places of ISO 10300 (all parts).
Other symbols, especially those of auxiliary variables, which are used in equations following closely
after their definitions, are not listed in Table 1. Table 2 contains general subscripts used in ISO 10300

(all parts).
Table 1 — Symbols and units used in ISO 10300 (all parts)
Symbol Description or term Unit
a hypoid offset mm
drel relative hypoid offset —
ay centre distance of virtual cylindrical gear pair mm
Qyn centre distance of virtual cylindrical gear pair in normal section mm
b face width mm
by relative base face width —
bce calculated effective face width mm
beff effective face width (e.g. measured length of contact pattern) mm
by face width of virtual cylindrical gears mm
by,eff effective face width of virtual cylindrical gears mm
Cy empirical parameter to determine the dynamic factor —
Cy mean value of mesh stiffness per unit face width N/(mm - pm)
Cy0 mesh stiffness for average conditions N/(mm - um)
c’ single stiffness N/(mm - pm)
co’ single stiffness for average conditions N/(mm - pm)
de outer pitch diameter mm
dm mean pitch diameter mm
dr tolerance diameter according to ISO 17485 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
dyb base diameter of virtual cylindrical gear mm
dybn base diameter of virtual cylindrical gear in normal section mm
dyf root diameter of virtual cylindrical gear mm
dyn reference diameter of virtual cylindrical gear in normal section mm
e exponent for the distribution of the load peaks along the lines of contact —
f distance from the centre of the zone of action to a contact line mm
fmax maximum distance to middle contact line mm
fmaxB maximum distance to middle contact line at right side of contact pattern mm
fmax0 maximum distance to middle contact line at left side of contact pattern mm
Copyright imematonal Organization for Standardization © IS0 2014 - All rights reserved
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Table 1 (continued)
Symbol Description or term Unit
St single pitch deviation pum
Sp.eff effective pitch deviation um
Je length of contact line (method B2) mm
Jva length of path of contact of virtual cylindrical gear in transverse section mm
Jvan relative length of action in normal section —
g relative length of action to point of load application (method B2) —
In relative length of action within the contact ellipse —
ham mean addendum mm
hao tool addendum mm
hem mean dedendum mm
hep dedendum of the basic rack profile mm
hm mean whole depth used for bevel spiral angle factor mm
hyfm relative mean virtual dedendum —
hpa bending moment arm for tooth root stress (load application at tooth tip) mm
hn load height from critical section (method B2) mm
K contact shift factor —
Iy length of contact line (method B1) mm
Ibo theoretical length of contact line mm
Ibm theoretical length of middle contact line mm
Met outer transverse module mm
Mmn mean normal module mm
Mmt mean transverse module mm
Mred {nass per un_it face width reduced to the line of action of dynamically equiva- ke /mm
ent cylindrical gears
m* relative individual gear mass per unit face width referred to line of action kg/mm
n rotational speed min-1
ng1 resonance speed of pinion min-1
p peak load N/mm
Pet transverse base pitch (method B2) mm
Pmax maximum peak load N/mm
p* relative peak load for calculating the load sharing factor (method B1) —
Pmn relative mean normal pitch —
Pnb relative mean normal base pitch —
Pvet transverse base pitch of virtual cylindrical gear (method B1) mm
q exponent in the formula for lengthwise curvature factor —
qs notch parameter —
rco cutter radius mm
mf tooth fillet radius at the root in mean section mm
Impt mean pitch radius mm
I'my 0 mean transverse radius to point of load application (method B2) mm
I'va relative mean virtual tip radius —
Copyright Intemational Organizaton for Standardization T18NTS reserved 3
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Table 1 (continued)

Symbol Description or term Unit
T'vn relative mean virtual pitch radius —
Smn mean normal circular thickness mm
Spr amount of protuberance at the tool mm
SFn tooth root chord in calculation section mm
SN one-half tooth thickness at critical section (method B2) mm

u gear ratio of bevel gear —
Uy gear ratio of virtual cylindrical gear —
Vet tangential speed at outer end (heel) of the reference cone m/s

Vetmax |Mmaximum pitch line velocity at operating pitch diameter m/s
Vg sliding velocity in the mean point P m/s
Vg par sliding velocity parallel to the contact line m/s
Vgvert sliding velocity vertical to the contact line m/s
Vmt tangential speed at mid-face width of the reference cone m/s

1%) sum of velocities in the mean point P m/s
Vsh sum of velocities in profile direction m/s
Vs] sum of velocities in lengthwise direction m/s

Vs vert sum of velocities vertical to the contact line m/s
w angle of contact line relative to the root cone °
Xhm profile shift coefficient —
Xsm thickness modification coefficient —
XN tooth strength factor (method B2) mm
Xoo distance from mean section to point of load application mm
Yp running-in allowance for pitch deviation related to the polished test piece um
V) loc.'?ltion of point of load application for maximum bending stress on path of mm
action (method B2)
V3 location of point of load application on path of action for maximum root mm
stress
Ya running-in allowance for pitch error pum

z number of teeth —
Zy number of teeth of virtual cylindrical gear —
Zyn number of teeth of virtual cylindrical gear in normal section —
Z0 number of blade groups of the cutter —
A auxiliary factor for calculating the dynamic factor Ky-¢ —
A* related area for calculating the load sharing factor Zys mm

Agne outer tooth thickness allowance mm

B accuracy grade according to ISO 17485 —
Cr correction factor of tooth stiffness for non average conditions —
Cib correction factor for the length of contact lines —

Cz1, Czr, |constants for determining lubricant film factors o
Czv

E modulus of elasticity, Young’s modulus N/mm?2

E G H auxiliary variables for tooth form factor (method B1) —
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Table 1 (continued)
Symbol Description or term Unit
F auxiliary variable for mid-zone factor —
Fmt nominal tangential force at mid-face width of the reference cone N
FmtH determinant tangential force at mid-face width of the reference cone N
Fa nominal normal force N
Fymt nominal tangential force of virtual cylindrical gears N
HB Brinell hardness —
K constant; factor for calculating the dynamic factor Ky—p —
Ky dynamic factor —
K* preliminary dynamic factor for non-hypoid gears —
Ka application factor —
Kro lengthwise curvature factor for bending stress —
Krq transverse load factor for bending stress —
Krp face load factor for bending stress —
Kya transverse load factor for contact stress —
Kno* preliminary transverse load factor for contact stress for non-hypoid gears —
Kyp face load factor for contact stress —
Kup-be mounting factor —
N reference speed related to resonance speed ng1 —
Ny, number of load cycles —
P nominal power kw
Ra = CLA = AA arithmetic average roughness pum
Re outer cone distance mm
Rm mean cone distance mm
Rmpt relative mean back cone distance —
Rz mean roughness pm
Rz10 mean roughness for gear pairs with relative curvature radius pre] = 10 mm pm
SF safety factor for bending stress (against breakage) —
SFmin minimum safety factor for bending stress —
SH safety factor for contact stress (against pitting) —
SH,min minimum safety factor for contact stress —
T1,2 nominal torque of pinion and wheel Nm
W2 wheel mean slot width mm
Y12 tooth form factor of pinion and wheel (method B2) —
Yr stress concentration and stress correction factor (method B2) —
Yi inertia factor (bending) —
Ya root stress adjustment factor (method B2) —
YBs bevel spiral angle factor —
YFa tooth form factor for load application at the tooth tip (method B1) —
YFs combined tooth form factor for generated gears —
Y] bending strength geometry factor (method B2) —
YLs load sharing factor (bending) —
Copyright Intemational Organizaton for Standardization T18NTS reserved 5
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Table 1 (continued)

Symbol Description or term Unit
YNT life factor (bending) —
YRRelT |relative surface condition factor —
Ysa stress correction factor for load application at the tooth tip —
YsT stress correction factor for dimensions of the standard test gear —
Yx size factor for tooth root stress —
YsreiT |relative notch sensitivity factor —
Ye contact ratio factor for bending (method B1) —
Zi inertia factor (pitting) —
Zy speed factor —
Za contact stress adjustment factor (method B2) —
ZE elasticity factor (N/mm?2)1/2
ZFW face width factor —
ZHyp hypoid factor —
A pitting resistance geometry factor (method B2) —
ZK bevel gear factor (method B1) —
71, lubricant factor —
VAR load sharing factor (method B1) —
ZM-B mid-zone factor —
ZNT life factor (pitting) —
ZR roughness factor for contact stress —
Zs bevel slip factor —
7w work hardening factor —
Zx size factor —
aa adjusted pressure angle (method B2) °
jfaam normal pressure angle at tooth tip °
Qet effective pressure angle in transverse section °
:'aeD,c effective pressure angle for drive side/coast side °
ar limit pressure angle in wheel root coordinates (method B2) °
Alim limit pressure angle °
anD,C generated pressure angle for drive side/coast side °
Qyet transverse pressure angle of virtual cylindrical gears °
QFan load application angle at tooth tip of virtual cylindrical gear (method B1) °
ag, normal pressure angle at point of load application (method B2) °
Bbm mean base spiral angle °
Pm mean spiral angle °
Bv helix angle of virtual gear (method B1), virtual spiral angle (method B2) °
Bvb helix angle at base circle of virtual cylindrical gear °
BB inclination angle of contact line °
auxiliary angle for length of contact line calculation (method B1) °
a projected auxiliary angle for length of contact line °
Ya auxiliary angle for tooth form and tooth correction factor °
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Table 1 (continued)
Symbol Description or term Unit
) pitch angle of bevel gear °
04 face angle °
ot root angle °
Eva transverse contact ratio of virtual cylindrical gears —
Evan transverse contact ratio of virtual cylindrical gears in normal section —
Evp face contact ratio of virtual cylindrical gears —
Evy virtual contact ratio (method B1), modified contact ratio (method B2) —
EN load sharing ratio for bending (method B2) —
ENI load sharing ratio for pitting (method B2) —
{m pinion offset angle in axial plane °
Cmp pinion offset angle in pitch plane °
{rR pinion offset angle in root plane °
J auxiliary quantity for tooth form and tooth correction factors radiant
Imp auxiliary angle for virtual face width (method B1) °
Ov2 angular pitch of virtual cylindrical wheel radiant
3 assumed angle in locating weakest section radiant
&h one half o_f an_gle subtended by normal circular tooth thickness at point of radiant
load application
p density of gear material kg/mm3
Pao cutter edge radius mm
PF fillet radius at point of contact of 30° tangent mm
PFn fillet radius at point of contact of 30° tangent in normal section mm
pfp root fillet radius of basic rack for cylindrical gears mm
Prel radius of relative curvature vertical to contact line at virtual cylindrical mm
gears
Pt relative radius of profile curvature between pinion and wheel (method B2) —
Pva0 relative edge radius of tool —
o slip layer thickness mm
OF tooth root stress N/mm?2
OFlim nominal stress number (bending) N/mm?2
OFE allowable stress number (bending) N/mm?2
OFP permissible tooth root stress N/mm?2
OH contact stress N/mm?2
OH,lim allowable stress number for contact stress N/mm?2
OHP permissible contact stress N/mm?2
T angle between tangent of root fillet at weakest point and centreline of tooth °
v Poisson’s ratio —
Vo lead angle of face hobbing cutter °
v40, V50 |nominal kinematic viscosity of the oil at 40 °C and 50 °C respectively mm?2/s
10) auxiliary angle to determine the position of the pitch point °
W angular velocity rad/s
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Table 1 (continued)

Symbol Description or term Unit
ws, angle between the sum of velocities vector and the trace of pitch cone °
xX relative stress drop in notch root mm-1
xt¥ relative stress drop in notch root of standardized test gear mm-1
x shaft angle °

Table 2 — General subscripts in ISO 10300 (all parts)

Subscripts Description
0 tool
1 pinion
2 wheel
A, B,B1,B2,C value according to method A, B, B1, B2 or C
D Drive flank
C Coast flank
T relative to standardized test gear dimensions
), (2) trials of interpolation

5 Application
5.1 Calculation methods

5.1.1 General

ISO 10300 (all parts) provides the procedures to predict load capacity of bevel gears. The most valid
method is full-scale and full-load testing of a specific gear set design. However, at the design stage or in
certain fields of application, some calculation methods are needed to predict load capacity. Therefore,
methods A, B and C are used in this part of ISO 10300, while method A, if its accuracy and reliability are
proven, is preferred over method B, which in turn is preferred over method C.

ISO 103:‘00 (all parts) allows the use of mixed factor rating methods within method B1 or method B2. For
example: method B for dynamic factor Ky.g can be used with method C face load factor Kup-c.

5.1.2 Method A

Wheresufficientexperience fromthe operation of other, similar designsisavailable, 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
are 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
thatinfluence the result. The accuracy and the reliability of the method shall 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.

5.1.3 Method B

Method B provides the calculation formulae to predictload capacity of bevel gears for which the essential
data are known. However, sufficient experience from the operation of other, similar designs is needed
in the evaluation of certain factors even in this method. The validity of these evaluations for the given
operating conditions shall be checked.
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5.1.4 Method C

Where suitable test results or field experience from similar designs, are unavailable for use in the
evaluation of certain factors, a further simplified calculation method, method C, should be used.

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 calculated permissible stress by the specific evaluated operating stress.

In addition to this general requirement, and the special requirements relating to surface durability
(pitting) and tooth root strength (see ISO 10300-2 and ISO 10300-3, respectively), 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 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 of gear members;

— variations in material due to process variations in chemistry, cleanliness and mlcrostructure
(material quality and heat treatment); »

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

The appropriateness of the safety factors will thus depend on the reliability of the assumptions, such
as those related to load, on which the calculations are based, as well as on the reliability required of the
gears themselves, in respect of the possible consequences of any damage that might occur in the case of
failure.

Supplied gears or assembled gear drives should have a minimum safety factor for contact stress Sy min
of 1,0. The minimum bending stress value Sgmin should be 1,3 for spiral bevel including hypoid gears,
and 1,5 for straight bevel gears or those with i, < 5°.

The minimum safety factors against pitting damage and tooth breakage should be agreed between the
supplier and customer.

5.3 Rating factors

5.3.1 Testing

The most effective overall approach to gear system performance management is through the full-scale,
full-load testing of a proposed new design. Alternatively, where sufficient experience of similar designs
exists and results are available, a satisfactory solution can be obtained through extrapolation from such
data. On the other hand, where suitable test results or field data are not available, rating factor values
should be chosen conservatively.

5.3.2 Manufacturing tolerances

Rating factors should be evaluated based on the minimum acceptable quality limits of the expected
variation of component parts in the manufacturing process. The accuracy grade, B, shall preferably be
determined as specified in ISO 17485, e.g. single pitch deviation for calculating the dynamic factor Ky .g.
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5.3.3 Implied accuracy

Where the empirical values for rating factors are given by curves, this part of ISO 10300 provides curve
fitting equations to facilitate computer programming.

NOTE The constants and coefficients used in curve fitting often have significant digits in excess of those
implied by the reliability of the empirical data.

5.4 Further 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.

5.4.2 Lubrication

The ratings determined by the formulae of ISO 10300-2 and ISO 10300-3 shall be valid only if the gear
teeth are operated with a lubricant of proper viscosity and additive package for the load, speed, and
surface finish, and if there is a sufficient quantity of lubricant on the gear teeth and bearings to lubricate
and maintain an acceptable operating temperature.

5.4.3 Misalignment

Many gear systems depend on external supports such as machinery foundations to maintain alignment of
the gear mesh. If these supports are poorly designed, initially misaligned, or become misaligned during
operation due to elastic or thermal deflections or other influences, overall gear system performance will
be adversely affected.

5.4.4 Deflection

Deflection of gear supporting housings, shafts, and bearings due to external overhung, transverse, and
thrust loads affects tooth contact across the mesh. Since deflection varies with load, it is difficult to
obtain good tooth contact at different loads. Generally, deflection due to external loads from driven and
driving equipment reduces capacity, and this, as well as deflection caused by internal forces, should be
taken into account when determining the actual gear tooth contact.

5.4.5 Materials and metallurgy

Most bevel gears are made from case-hardened steel. Allowable stress numbers for this and other
materials shall be taken preferably from ISO 6336-5 because these are determined by a multitude of
tests on spur gears for which the material strains can be calculated very precisely. Additionally, different
modes of steel making and heat treatment are considered in ISO 6336-5. Hardness and tensile strength
as well as the quality grade shall also be criteria for choosing permissible stress numbers.

NOTE Higher quality steel grades indicate higher allowable stress numbers, while lower quality grades
indicate lower allowable stress numbers (see ISO 6336-5).

5.4.6 Residual stress

Any ferrous material having a case core relationship is likely to have residual stress. If properly managed,
such stress will be compressive at the tooth surface, thereby enhancing the bending fatigue strength
of the gear tooth. Shot peening, case carburizing and induction hardening, if properly performed, are
common methods of inducing compressive pre-stress in the surface of the gear teeth. Improper grinding
techniques after heat treatment might reduce the residual compressive stresses or even introduce
residual tensile stresses in the root fillets of the teeth, thereby lowering the allowable stress numbers.
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5.4.7 System dynamics

The method of analysis used in this part of ISO 10300 includes a dynamic factor, Ky, which derates 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, Ky, is intended to
account for the operating characteristics of the driving and driven equipment. It should be recognized,
however, thatif 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 can cause
severe overloads possibly several times higher than the nominal load. Therefore, where critical service
applications are concerned, performance of a vibration analysis of the complete system is recommended.
This analysis shall comprise 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 crowning
results in a localized contact pattern during roll testing under light loads. Under design load, unless
otherwise specified, the tooth contact pattern is spread over the tooth flank without concentrations of
the pattern at the edges of either gear member.

The application of the rating formulae to bevel gears manufactured under conditions in which this
process has not been carried out and which do not have an adequate contact pattern, may require
modifications of the factors given in this part of ISO 10300. Such gears are not covered by ISO 10300 (all
parts).

NOTE The total load used for contact pattern analysis can include the effects of an application factor (see
Annex D for a fuller explanation of tooth contact development).

5.4.9 Corrosion

Corrosion of the gear tooth surface can have a significant detrimental effect on the bending strength
and pitting resistance of the teeth. However, the quantification of the effect of corrosion on gear teeth is
beyond the range of ISO 10300 (all parts).

5.5 Further influence factors in the basic formulae

The basic formulae presented in ISO 10300-2 and ISO 10300-3 include factors reflecting gear geometry
or being established by convention, which need to be calculated in accordance with their formulae.

In the formulae in ISO 10300 (all parts), there are also factors that reflect the effects of variations in
processing or the operating cycle of the unit. These are known as influence factors because they account
for a number of influences. Although treated as independent, they might nevertheless affect each other
to an extent that is beyond evaluation. They include the load factors, Ka, Ky, Kup, Krp, Ko and Kgq, as well
as those factors influencing permissible stresses.

There are various methods of calculation to determine the influence factors. These are qualified, as
needed, by the addition of subscripts A to C to the symbols. Unless otherwise specified (for example in
an application standard), the more accurate method should be used for important transmissions. It is
recommended that supplementary subscripts be used whenever the method used for evaluation of a
factor would not otherwise be readily identifiable.
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For some applications, it might be necessary to choose between factors determined by using alternative
methods (for example, alternatives for the determination of the dynamic factor or the transverse load
factor). When reporting the calculation, the method used should be indicated by extending the subscript.

EXAMPLE Ky, Kia-B

6 External force and application factor, Kp

6.1 Nominal tangential force, torque, power

For the purposes of ISO 10300 (all parts), pinion torque is used in the basic stress calculation formulae.
In order to determine the bending moment on the tooth, or the force on the tooth surface, the tangential
force is calculated, at the reference cone at mid-face width, as follows:

Nominal tangential force of bevel gears, Fiyt:

2000 T,
mt12= (1
m1,2
Nominal tangential force of virtual cylindrical gears, Fymt:
cosf3
Fymt = Fint1 = (2)
€05 Bt
Nominal torque of pinion and wheel, T:
_ Fnt12dm12 1000P 9549 P G
1,2~ - -
2000 P ny
Nominal power, P:
_Frne12Vme12 _Ti2 @12 _Tip M @
1000 1000 9549
Nominal tangential speed at mean point, vt:
dm12 @12 _dm12 M2
Vip1,2 = o = (5)

2000 19098

The nominal 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 operating conditions.

The nominal torque of the driving machine may be used if it corresponds to the required torque of the
driven machine.

6.2 Variable load conditions

If the load is not uniform, a careful analysis of the gear loads should be carried out, in which the external
and internal factors are considered. It is recommended that all the different loads that occur during the
anticipated life of the gears, and the duration of each load, are determined. A method based on Miner’s
Rule (see ISO 6336-6[3]) shall be used for determining the equivalent life of the gears for the torque
spectrum.
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6.3 Application factor, Kp

6.3.1 Application factor —General

In cases where no reliable experiences, or load spectra determined by practical measurement or
comprehensive system analysis, are available, the calculation should use the nominal tangential force
Fit according to 6.1 and an application factor, Ka. This application factor makes allowance for any
externally applied dynamic loads in excess of the nominal operating pinion torque, T1.

6.3.2 Influences affecting external dynamic loads

In determining the application factor, account should be taken of the fact that many prime movers
develop momentary peak torques considerably greater than those determined by the nominal ratings
of either the prime mover or of the driven equipment. There are many possible sources of dynamic
overload which should be considered, including:

— system vibration;

— critical speed;

— acceleration torques;

— overspeed;

— sudden variations in system operation;
— braking;

— negative torques, such as those produced by retarders on vehicles, which result in loading the
reverse flanks of the gear teeth.

Analysis for critical speeds within the operating range of the drive train 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.

6.3.3 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 gear is subjected to a limited number of loads in excess of the amount of cyclic peak torque, this
influence may be covered directly by means of cumulative fatigue analysis or by means of an increased
application factor representing the influence of the load spectrum.

If service experience is unavailable, a thorough analytical investigation should be carried out. Annex C
. provides approximate values of Kj if neither of these alternatives is possible.

7 Dynamic factor, Ky

7.1 General

. The dynamic factor, Ky, makes allowance for the effects of gear tooth quality related to speed and load as
well as for the other parameters listed below (see 7.2 to 7.6). The dynamic factor relates the total tooth
load, including internal dynamic effects, to the transmitted tangential tooth load and is expressed as
the sum of the internal effected dynamic load and the transmitted tangential tooth load, divided by the
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transmitted tangential tooth load. The parameters for the gear tooth internal dynamic load fall into two
categories: design and manufacturing.

7.2 Design

The design parameters include:

pitch line velocity;

tooth load;

inertia and stiffness of the rotating elements;
tooth stiffness variation;

lubricant properties;

stiffness of bearings and case structure;

critical speeds and internal vibration within the gear itself.

7.3 Manufacturing

The manufacturing parameters include:

tooth spacing variations;

runout of pitch surfaces with respect to the axis of rotation;
tooth flank variations;

compatibility of mating gear tooth elements;

balance of parts;

bearing fit and preload.

7.4 Transmission error

Evenifthe inputtorque 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 response to an excitation known as transmission error. The ideal kinematics
of a gear pair require a constant ratio between the input and output. Transmission error is defined as
the deviation from uniform relative angular motion of the pair of meshing gears. It is influenced by all
deviations from the ideal gear tooth form of the actual gear design, the manufacturing procedure and
the operational conditions. The operational conditions include the following:

a)
b)

1A
Copyright International Organization for Standardization

pitch line velocity: the frequencies of the excitation depend on the pitch line velocity and module.

gear mesh stiffness variations: as the gear teeth pass through the meshing cycle, gear mesh stiffness
variations are a source of excitation especially pronounced in straight and Zerol bevel gears. Spiral
bevel gears with a total contact ratio > 2 have less stiffness variation;

transmitted tooth load: since deflections are load dependent, gear tooth profile modifications can
be designed to give uniform velocity ratio only for one load magnitude. Loads different from the
design load increase the transmission error;

dynamic unbalance of the gears and shafts;

application environment: excessive wear and plastic deformation of the gear tooth profiles increase
the transmission error. Gears shall have a properly designed lubrication system, enclosure, and
seals to maintain a safe operating temperature and an environment free of contamination;
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f) shaft alignment: gear tooth alignment is influenced by load and thermal deformations of gears,
shafts, bearings and housings;

g) tooth friction induced excitation.

7.5 Dynamic response

The effects of dynamic tooth forces are influenced by the following:

— mass of the gears, shafts, and other major internal components;

— stiffness of the gear teeth, gear blanks, shafts, bearings and housings;

— damping, of which the principal sources are the shaft bearings and seals, with other sources
including the hysteresis of the gear shafts, viscous damping at sliding interfaces and couplings.

7.6 Resonance

7.6.1 General

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.

7.6.2 Gear blank resonance

The gear blanks of high-speed or lightweight gearing can 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 might cause high dynamic tooth loads. There is also 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, Ky, does not account for gear blank resonance.

7.6.3 System resonance

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

7.7 Calculation methods for Ky,

7.7.1 General comments

A bevel gear drive is a very complicated vibration system. The dynamic system as well as the natural
frequencies which induce 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 deformation of gear shafts, bearings or housing.

A slight change in alignment alters the relative rotation angle of the gearing and thus the dynamic
loading on the gears. Crowning in the lengthwise and profile directions can preclude true conjugate
action and make tooth accuracy difficult to determine.

Under such 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 transmitted load, then the dynamic factor should be set to unity.
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To determine Ky, several methods are indicated in descending order of precision, from method A (Ky-a)
to method C (Ky-¢).

When using method B or C for hypoid gears which have a “typical” amount of hypoid offset, the dynamic
factor is assumed to have the value 1 because of the damping properties of the sliding conditions in
mesh. For smaller amounts of offset, the dynamic factor is interpolated between the value calculated as
for bevel gears without offset and the value 1. The lower limit of a typical offset value is assumed to be
5 % of the mean pitch diameter of the wheel (are] = 0,1); for the upper limit, see ISO 23509.

Dynamic factor, Ky:

*

» K,-—1
K,=K,- 81 Apep 21 (6)

)

with K: =K, _pg according to 7.7.3 or K: =K, _¢ according to 7.7.4;

2ld ”

7.7.2 Method A, Ky.A

Ky-p is determined by a comprehensive analysis, confirmed by experience of similar designs, using the
following general procedures:

a) a mathematical model of the vibration system is developed which refers to the entire power
transmission, including the gearbox;

b) the transmission error of the bevel gears under load is measured, or calculated by a reliable
simulation programme 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.p

7.7.3.1 General

This method makes the simplifying assumption that the 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 Ky.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 significant lateral shaft flexibility, the real natural frequency will be less than calculated.

The amount of the dynamic overloads is, among other effects, a function of the accuracy of the gear, i.e.
the flank form and pitch deviations. The flank form deviation of bevel gears is not as easy to measure as
an involute form of cylindrical gears (see ISO/TR 10064-6[4]), and ISO tolerances do not exist. However,
single flank composite tolerances are specified in ISO 17485 and the transmission error of a bevel
gear set should be checked accordingly if proper equipment is available. On the other hand, the pitch
deviations can be measured relatively easily. So, in these cases, the simplifying assumption is 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 Ky.p:
a) accuracy of gear pair (single pitch deviation as specified in ISO 17485);
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b) mass moment of inertia of pinion and wheel (dimensions and material density);
c) tooth stiffness;

d) transmitted tangential load.

7.7.3.2 Speed ranges

Dimensionless reference speed:
N=_—1 (8)

where ng is the resonance speed according to 7.7.3.3.

With the aid of the reference speed, N, the total speed range can be subdivided into four sections:
subcritical, main resonance, supercritical and an intermediate sector (main resonance/supercritical).

Because of the influence of stiffness values which are not included (for example those of shafts, bearings,
gearbox), and because of the damping, the resonance speed can be above or below the speed calculated
with Formula (9). For reasons of safety, a resonance sector of 0,75 < N < 1,25 is defined.

This results in the cited sectors for the calculation of K_g:
— subcritical sector, N < 0,75, determined by method A or B;

— mainresonance sector, 0,75 < N < 1,25, operation in this sector should be avoided, but if unavoidable,
refined analysis by method A shall be carried out;

— intermediate sector, 1,25 < N < 1,5, determined by method A or B;
— supercritical sector, N 2 1,5, determined by method A or B.

See ISO 6336-1[2] for further information on the speed ranges.

7.7.3.3 Resonance speed

Resonance speed of pinion:

30 x 103 | ¢
nE1 = 14 (9)
Tz Mpyeq

where

Cy is the mean value of mesh stiffness [see Formula (11)]:

- (10)

Mred is the mass per millimetre face width reduced to the line of action of the dynamically equiva-
lent cylindrical gear pair.

A value of ¢yp = 20 N/(mm-um) applies to spur gears. Investigations of helical gears have shown that
the stiffness decreases with increasing helix angles. On the other hand, the spiral arrangement of bevel
gear teeth around a conical blank leads to higher rigidity of bevel gears, except straight bevel gears.
Therefore, due to the lack of any better knowledge, the stiffness for a spur gear is assumed to be suitable
for bevel gears in average conditions which are given by Fymt Ka/byeff 2 100 N/mm and by eff/by 2 0,85.
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The mean value of mesh stiffness per unit face width, cy, is determined by:

€y =CyoCE (11)

where
cyo is mesh stiffness for average conditions; a value of 20 N/(mm-um) is recommended.
Cr isa correction factor for non-average conditions:
a) for Fymt Ka/bveff 2100 N/mm Crp=1 (12a)

b)  for Fymt Ka/by,eff < 100 N/mm Cr = (Fymt Ka/bv,eff)/100 N/mm (12b)

by efris effective face width of the virtual cylindrical gear. The effective face width by efris the real length
of contact pattern (see Annex D). In the case of full load, the contact pattern typically has a minimum
length of 85 % of face width by. If it is not possible to obtain information of contact pattern length under
load conditions, by eff = 0,85 by should be used.

If an exact determination of the mass moments of inertia mI and m; of the bevel gears is either not

feasible due to cost or otherwise impossible (for example, at the design stage), bevel gears of common
gear blank design should be replaced by approximate dynamically equivalent cylindrical gears (suffix x)

(see Figure 2).

dm1

Figu:‘re 2 — Approximate dynamically equivalent cylindrical gears for the determination of the
' dynamic factor of bevel gears including hypoid gears
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Relative gear mass per unit face width reduced to the line of action:

dZ

* * 1
m;,=m =—pr
12 =Mx2x =gP cos?[ (ayp +0nc) /2]

where p is the density of the gear material (for steel p = 7,86-10-6 kg/mm3)

See Figure 3 for the graphical determination of resonance speed for the mating solid steel pinion/solid
wheel (bevel gears without offset only).
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Figure 3 — Nomogram for the determination of the resonance speed, ng1, for the mating solid
steel pinion/solid wheel, with ¢, = 20 N/(mm - um) (for bevel gears without offset only)
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7.7.3.4 Subcritical sector (N < 0,75)

Common operating range for industrial and vehicle gears:

Kyp=N-K+1
(14)
With the simplifying assumptions given in 7.7.3.1, Formula (15) applies:
by fpett €
K:LCV12+CV3 (15)
vat KA '

where

fp,eff=fpt‘)’p WithJ’p X Ya (16)
See Formula (17) for ¢’; Table 3 for cy1,2 and cy3; see 9.3.1 for fyr and 9.5 for y,.
NOTE Any positive influence of tip relief or profile crowning is not considered. The calculation is, therefore,

on the safe side for bevel gears which normally have profile crowning.

Table 3 — Influence factors cy1 to cy7 in Formulae (15) to (19)

Influence factor 1<egyy<2a Eyy > 22 -
cviP 0,32 0,32
0'—57 Cv1,2 =Cyl + Cy2
Cuze 0,34 €yy—03
cy3d 0,23 —0’096
€yy—1,56
0,57-0,05¢
Cy4® 0,90 s TvY
£y, —1,44
cyst 0,47 0,47
& Cv5,6 = Cy5 + Cyve
CV6f 0,47 €V7_1’74
- l<eyy<1,5 1,5<eyy<2,5 &vy>2,5
cy78 0,75 0,125 sin [m (eyy - 2)] + 0,875 1,0
a  For &yy, see Formula (A.25) according to method B1 or Formula (B.23) according to method B2.
b This influence factor allows for pitch deviation effects and is assumed to be constant.
¢ This influence factor allows for tooth profile deviation effects.
d  This influence factor allows for the cyclic variation effect in mesh stiffness.
e Thisinfluence factor takes into account resonant torsional oscillations of the gear pair, excited by cyclic variation of the
mesh stiffness.
f Inthe supercritical sector the influences on Ky.p of the influence factors cys5 and cye correspond to those of ¢y1 and cyy in
the subcritical sector;
& This influence factor takes into account the component of force which, due to mesh stiffness variation, is derived from
tooth bending deflections during substantially constant speed.
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A value of cp’ = 14 N/(mm-um) applies to spur gears. Investigations of helical gears have shown that
the tooth stiffness decreases with increasing helix angles. On the other hand, the spiral arrangement
of bevel gear teeth around a conical blank leads to higher rigidity of bevel gears, except straight bevel
gears. Therefore, due to the lack of any better knowledge, the tooth stiffness for a spur gear is assumed
to be suitable for bevel gears in average conditions which are given by Fymt Ka/by,eff 2 100 N/mm and
by, eff/by 2 0,85.

The single stiffness, ¢’, see ISO 6336-1,[2] is determined as follows:

C'=C'0CF (17)

where
co’ is single stiffness for average conditions, a value of 14 N/(mm-um) is recommended;

Cr isa correction factor for non-average conditions [see Formulae (12a) and (12b)].

7.7.3.5 Main resonance sector (0,75 <N <1,25)
With the simplifying assumptions given in 7.7.3.1, Formula (18) applies:

_ bv fp,effcl
Fyme K

vmt

K, Cy12tCya+1 (18)

For cy1,2 and cy4 see Table 3.

7.7.3.6 Supercritical sector (N = 1,5)

High-speed gears and those with similar requirements operate in the supercritical sector:

_ bv fp,effcl

F.

K
v-B
vmt K A

Cys6tCy7 +1 (19)

For ¢’and fp eff see 7.7.3.3; for ¢ys5 6 and cy7 see Table 3.

7.?.3.7 Intermediate sector (1,25 <N < 1,5)

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

Ky gw=125"Kvpw
0,25

: =15
Kyp=Kypw=-15"* ) (1,5-N) (20)

7.7.4 Method C, Ky-c

7.7.4.1 General comments

Figure 4 shows dynamic factors which should be used in the absence of specific knowledge of the
dynamic loads. The curves of Figure 4 and the equations given in 7.7.4.3 [i.e. Formulae (21) to (26)] are
based on empirical data, and do not account for resonance (see 7.6).

22 _ .
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KV—C
1,6
B=8
1,5
B=7
_—

1,4 /

/ __B=6
13
1.2 /

_ —B=5—

[
T
1,1
1
0 10 20 30 40 50 Vet
Key
Vet2 wheel pitch line velocity at the outer pitch diameter (m/s)

Ky-c dynamic factors
B accuracy grade according to Formula (25)
NOTE The hatched area stands for “very accurate gearing”.

Figure 4 — Dynamic factor, 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 B = 5 to B = 8 and “very accurate gearing” (7.7.4.2), should be based on th[e
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 representative value to determine the dynamic factor.

7.7.4.2 Very accurate gearing

Where gearing is manufactured using process control to very accurate gearing grades (generally
speaking, when B < 5 in accordance with ISO 17485, 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 under the operating conditions.
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7.7.4.3 Empirical curves

The empirical curves B =5 to B = 8 shown in Figure 4 are generated with the following limitations for
values of B, such that:

— 5<B<8
— 6<2z<1200o0r (3000/mpmp), whichever is less

Curves may be extrapolated beyond the end points shown in Figure 4 based on experience and careful
consideration of the factors influencing dynamic load. For the purposes of computer calculations,
Formula (26) defines the end points of the curves in Figure 4.

The dynamic factor, Ky - ¢ is:

-X
A
K, r=| —— 21
vt [A+,/200vet2] (21
where

d
Vet2 = Vmt2 —e2 (22)
m2

A=50+56 (1,0 - X);

(23)

X=0,25 (B - 4,0)0,667;
(24)

B is the ISO accuracy grade as specified in ISO 17485, intended for the actual gear set.
The accuracy grade B may also be calculated with knowledge of the single pitch deviation:
fpt
B=4+2,88539:In (25)
0,003 dt+0,3 mp,, +5

where
In is the natural logarithmic function, i.e. loge();
dr  isthe tolerance diameter according to ISO 17485;
Mmn is the mean normal module;
fpt  is the single pitch deviation (at mean point), in micrometres.

The maximum recommended pitch line velocity, vet2 max, for a given accuracy grade B is determined as
follows:

2
3 [4+(13-B)] 26)
-V ==
et2,max 200
whére Vet2,max 1S the maximum wheel pitch line velocity at the outer pitch diameter (end point of Ky
curves in Figure 4), in metres per second.
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8 Face load factors, Kyg, Krp

8.1 General documents

8.1.1 The faceload factors, Kyg and Kgg, modify the rating formulae for the gear flank and for the tooth
root to reflect the non-uniform distribution of the load along the face width.

8.1.2 Kygis defined as the ratio between the maximum load per unit face width and the mean load per
unit face width.

8.1.3 Kpg is defined as the ratio between the maximum tooth root stress and the mean tooth root
stress along the face width.

8.1.4 The amount of non-uniform load distribution is influenced by:
— gear tooth manufacturing accuracy, and tooth contact pattern and spacing;
— alignment of the gears in their mountings;

— elastic deflections of the gear teeth, shafts, bearings, housings and foundations, which support the
gear unit, resulting from either the internal or external gear loads;

— Dbearing clearances;
— Hertzian contact deformation of the tooth surfaces;

— thermal expansion and distortion of the gear unit due to operating temperatures (especially
important on gear units where the gear housing is made from a different material than the gears,
shafts and bearings);

— centrifugal deflections due to operating speeds.

8.1.5 The geometric characteristics of a bevel gear tooth change along its face width. Accordingly, the
magnitudes of the axial and radial components of the tangential load vary with the position of the tooth
contact. Similarly, the deflections of the mountings and of the tooth itself vary, and in turn affect the
position of the tooth contact and its size and shape.

For applications in which the operating torque varies, the desired contact shall be considered “ideal” at
full load only. For intermediate loads, a satisfactory compromise should be accepted.

Attention — ISO 10300 (all parts) is not applicable to bevel gears which have a poor contact
pattern (see 5.4.8 and Annex D).

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 is generally restricted in practice.

8.3 Method B

A standardized approach for bevel gear face load factors corresponding to method B has not yet been
developed. However, face load distribution can be determined on the basis of a loaded tooth contact
analysis (LTCA) and should be used if available.

™ ICN TN1 A ATl w3
Copyright International Organization for Standardization '('lghtS reserved 2 5

Provided by IHS under license with ISO Licensee=University of Alberta/5966844001, User=sharabiani, shahramfs
No reproduction or networking permitted without license from IHS Not for Resale, 03/25/2014 19:48:56 MDT



727A
Copyright International Organization for Standardization

ISO 10300-1:2014(E)

8.4 Method C

8.4.1 Face load factor, Kyp-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. This is considered in the calculation of the length
of the contact line (see Annex A) as well as in the calculation of the load distribution (see Figure 2 of
ISO 10300-2:2014), which applies, however, only to gear sets with satisfactory contact patterns as
defined in Annex D.

The influence of the deflections, and thus of the bearing arrangement, is accounted for by the mounting
factor Kyp-pe, according to Table 4.

The load distribution factor Kyg-c is:
Kyp.c =15 Kypgpe (27)
Attention — Formula (27) is not valid for uncrowned gears.

Table 4 — Mounting factor, Kyg-be

Verification of contact pattern Mounting conditions of pinion and wheel
. Neither member can-| One member cantile- | Both members canti-
Contact pattern is checked: .
tilever mounted ver mounted lever mounted
for each gear set in its housing under full 1,00 1,00 1,00
load

for each gear set under light test load 1,05 1,10 1,25
for a sample gear selgzgd estimated for full 1,20 132 1,50

NOTE Based on optimum tooth contact as evidenced by results of a contact pattern test on the gears in their mountings.

WARNING — The observed contact pattern is normally an accumulated picture of each possible
tooth pair combination. Formula (27) is valid only if the movement of the tooth contact pattern,
during one revolution of the wheel, either towards the heel or toe, is small. Otherwise, the
smallest contact pattern should be taken for the determination of by efr. This movement of single
contact patterns might be particularly pronounced for gears finished only by lapping.

8.4.2 Face load factor, Kpg-¢

Ky accounts for the effect of the load distribution across the face width on the tooth root stress:

Kpg.c =Kup-c/Kro (28)

For Kyp see 8.4.1; Kpo see F8.4.3.

8.4.3 Lengthwise curvature factor for bending strength, Krg

The lengthwise curvature factor Krg considers the contact pattern shift under different loads which is
smallest, if the lengthwise tooth curvature at the mean point corresponds to that of an involute curve.
This effect is well known and depends on the cutter radius r¢g and the spiral angle 2.

The following are the two cases to be considered.
a) For straight and Zerol bevel gears as well as spiral bevel gears with large cutter radii (rco > Rm2):
Kro =1,0
(29a)
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b) For other spiral bevel and hypoid gears:

me

m2

q
Ko =0,211[ J +0,789 (29b)

where
Pmp is the lengthwise tooth mean radius of curvature;

Rm2 is mean cone distance of the wheel;

0,279
q=——"—"—~ (30)
logq (SmﬁmZ)
The lengthwise tooth mean radius of curvature, pmg, (see ISO 23509) is calculated as follows:
— for face milled gears:
me = rCO (313)
— for face hobbed gears:
tanmnq
=R,,,pC0s tan + 31b
Pmp = Hm2 ﬂle: P 1+tanv, (tanf, +tann1)} (310)
where
vV =arcsin MmnZo (32)
21y
14 = arccos — Rnp 0Py (1 +205ins, J (33)
\/Rm2+rcO_2Rm2 r60Sin(Bmz—vo) 2

The range of validity of face load factor, Kro, is limited.

If the calculated value of Kpg > 1,15 set Krg = 1,15; if the calculated value of Krg < 1,00 set Kgg = 1,0.

9 Transverse load factors, Kyq, Krq

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 amount of the total tangential force.

The factor Ky accounts for the effect of the load distribution on the contact stress, while Kgy accounts
for the effect of the load distribution on the tooth root stress (see ISO 6336-1[2] 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 in most cases.

When using methods B or C, the transverse load factors for gears with small offset are interpolated
between the value for non-offset bevel gears and 1. The value 1 is assumed to be a realistic value for
hypoid gears with a typical amount of offset (see 7.7.1) because the running-in effect adapts the flanks
under load.
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Transverse load factors, Kyq, Kra:

. Kpo -1
KHa=KFa=KHa—%¢1are121 (34)

)

with K;Ia =K yo_p according to 9.3 or K;Ia =Kyo_c according to 9.4;

o o2l (35)
rel

m2
9.2 Method A

The load distribution taken as the basis for the load capacity calculation should 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

Transverse load factors, Kyq, Krq:

(fpt‘)%x)

Kigg = Kpo = 2L 0,9+0,4-7 (36)
2 Fwm /b,
where
cy  isthe mesh stiffness, as an approximation, ¢y = 20 N/(mm - pm) (see 7.7.3.3);

fpt  is the single pitch deviation, maximum value of pinion or wheel; for design calculations, the
tolerance of the wheel according to ISO 17485 should be used;

Vo  istherunning-in allowance (see 9.5);

Fmen is the determinant tangential force at mid-face width on the pitch cone:

FmtH = vatKAKvKHB. (37)

KHq, Krq may also be taken from Figure 5.
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KFou KHOL
85 3 2
| 7/ v
/ / 1,7
1,5 // 7 1,5
/ / "
/ / )
1
0 1 2 3 X
Key
- - T 7 (f pt —Y oc)
X parameter for irregularity of transmission | ———
Fth /bv
KHa transverse load factor for contact stress
KFa transverse load factor for bending stress
Evy virtual contact ratio (method B1), modified contact ratio (method B2)

Figure 5 — Transverse load factors, Kjjo-p and Krq-B

9.3.2 Bevel gears having virtual cylindrical gears with contact ratio &y, > 2
Transverse load factors, Kyq, Kra:

2 (ey,-1) _Cy(fpt_yfx)

gvy Fth/bv

Kyy=Kp,=0,9+0,4 (38)

for ¢y, fot, Yoo Fmtn see 9.3.1.
9.3.3 Boundary conditions

9.3.3.1 Ifthe calculated value for Ky exceeds one of both limits, Ky is set to the respective limit value.

a) Method B1:
1<Ky, <e¢ /(g zfs) (39a)
Ho vy vo “LS

b) Method B2:
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1< Kyy< ey /(8vg €n) (39b)
with Z1s as specified in 6.4.2 of ISO 10300-2:2014 and enj as specified in 7.4.2.3 of ISO 10300-2:2014.

9.3.3.2 Ifthe calculated value for Kry exceeds one of both limits, Kpq is set to the respective limit value.

a) Method B1:

1< KFOL < gvy /(gvoc YLS) (403)

b) Method B2:

1< Kpo < €4y /(€ €N) (40D)
with Yis as specified in 6.4.5 of ISO 10300-3:2014 and ey as specified in 7.4.4.3 and 7.4.5.2 of
ISO 10300-3:2014.

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 bevel gears be chosen so that neither Kyy nor Kpy exceeds the value
of €yan.

9.4 Method C

9.4.1 General comments

Method C is, in general, sufficiently accurate for industrial gears. To determine the transverse load
factors Kyu-c, Kro-c the gear accuracy grade, specific loading, gear type and running-in behaviour are
required. The running-in behaviour is expressed by material and type of heat treatment (see Figure 6

or Figure 7).
9.4.2 Premises, assumptions
The following assumptions are valid for method C:

— atransverse contact ratio of 1,2 < eyq < 1,9 applies to tooth stiffness (see ISO 6336-1[2]);

— stiffness values of ¢y = 20 N/(mm-pm) according to Formula (11) or ¢’ = 14 N/(mm-um) according to
Formula (17);

— a single pitch deviation is assigned to each gear accuracy grade. With this assumption, transverse
load distribution factors are obtained which are on the safe side for most applications, i.e. in case of
mean and high specific loadings, as well as in case of specific loadings Fymt Ka/bv,eff < 100 N/mm.

9.4.3 Determination of the factors
Kya-c and Kgq-c shall be taken from Table 5.

Attention — If the gear accuracy grades are different for pinion and wheel, the worse one shall
be used.
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Table 5 — Transverse load distribution factors, Kijq-c and Kpq-c

Specific loading
2100 N/mm <100 N/mm
Fymt KA/bv,eff
Gear accuracy grade 5 and 6 - 8 9 10 11 all accuracy
(see 5.3.2) better grades
K (B1):1/Z{s or 1,2 whichever is
« . the greater
Straight bevel 10 11 | 12 (B2):1/ey or 1.2 8
gears ’ ’ ’ )
Surface Keq (B1):1/¥y or 1,2 whichever is
hardened (B2):1/ey or 1,2 the greater
Helical and Kia
spiral bevel K 1,0 1,1 | 1,2 | 1,4 &yan O 1,4 whichever is the greater
F
gears “
K (B1):1/Zfs or 1,2 whichever is
« . the greater
Straight bevel 10 11 | 12 (B2):1/ ey or 1,2 8
ears ’ ’ ’
Not & " (B1):1/Ys or 1,2 whichever is
surface Fa (B2):1/ey or 1,2 the greater
hardened
Helical and KHa
. Evan Or 1,4
spiral bevel K, L0 L1} 12 L4 whichever is the greater
Fa
gears

NOTE For Zis, enjand Yis, ey see 9.3.3. (B1) and (B2) stands for method B1 and method B2.

9.5 Running-in allowance, y,

The running-in allowance, yq, 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, y4 may be taken from

Figure 6 or Figure 7.
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Ya
25 |
20 Vmi2 > 10 m/s
<16
- - <11
10 ¢ <10,5
<8
<6,5
5 <55
————— <3
2
1
0,5
3 5 10 20 40 50 100 f o
Key
fot single pitch deviation (um)
Va running-in allowance (um)

structural and through hardened steel
- - grey cast iron

— case hardened and nitrided steel

Figure 6 — Running-in allowance, y,, of gear pairs with a tangential speed of vi,;2 > 10 m/s
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Figure 7 — Running-in allowance, y,, of gear pairs with a tangential speed of vj;,;;2 < 10 m/s

The following equations, representing the curves in Figures 6 and 7, may be used for the calculation
(where fpt is single pitch deviation, see 9.3.1).

For through hardened steels:

160
o~ — fot (41)
p
o-H,lim

for vimez <5 m/s: without restriction;

for 5m/s < vpi2 <10 m/s: Ya <12 800/0H,lim;

for vipez > 10 m/s: YVa<6400/0H lim .
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For grey cast iron:

Vo= 0,275fpt (42)
for vz <5 m/s: without restriction;

for 5m/s < vz <10 m/s: Va <22 pm;

for vintz > 10 m/s: Ya <11 pm.

For case hardened and nitrided gears:

%E.ya :0'075fpt (43)

%Efor all speeds with the restriction: y, < 3 pm.

If rﬁaterials of pinion and wheel are different, a mean value for y, shall be calculated:

1 +
Vg =02 (44)

wherein yq1 is to be determined for the pinion material and y,7 for the wheel material.
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Annex A
(normative)

Calculation of virtual cylindrical gears — Method B1

A.1 General

Approved rating procedures for pitting resistance and bending strength of bevel and hypoid gears
which can serve as a standard are based on virtual cylindrical gears. The main reason is that the
necessary allowable stress values can be taken from tests of cylindrical gears which are easier to get
and statistically more reliable than those from the fewer tests of bevel or hypoid gears.

The decisive requirement for this approach is a good equivalence between the meshing conditions
of bevel or hypoid gears and of their corresponding virtual cylindrical gears. In order to ensure this,
exact tooth contact analysis calculations (TCA) were carried out for a broad variety of bevel and hypoid
gears and compared with the meshing conditions of the corresponding virtual cylindrical gears. By this
means the known formulae for bevel gears without offset were confirmed and new extended formulae
including hypoid gears were defined. The latter refers to major parameters of virtual cylindrical gears,
such as helix angle, face width, contact ratio, radius of relative curvature.

Besides, the virtual cylindrical gears for hypoids were developed such that with decreasing offset
values, they continuously approximate to the known dimensions of those for spiral bevel gears without
offset. The advantage is that also the calculated load capacities of these hypoid gears approximate to the
proven good results of spiral bevel gears.

So, Annex A contains geometric relations for generating the data of the required virtual cylindrical
gears. The gear data presented here apply exclusively to gears with (xpm1 + Xhm2) = 0. The initial bevel
or hypoid gear data necessary for these calculations should conform to ISO 23509.

A.2 Data of virtual cylindrical gears in transverse section (suffix v)

A.2.1 General

If a transverse section of a bevel gear tooth at midface is developed into the sectional plane, a virtual
cylindrical gear is obtained with nearly involute teeth. This is standard practice for bevel gears without
hypoid offset (see Figure A.2). For hypoid gears which are geometrically the most general type of
gearing, a similar procedure is applicable. Looking at Figure A.1, a schematic diagram of hypoid gears
(see also Figure A.2 of ISO 23509:2006) shows a common tangential plane T between both pitch cones
with diameters dp1 and dpz, which contact each other at the mean point P. Besides, both pitch cones
contact with the tangential plane T along lines which are designated as mean cone distances Ry1 and
Rm2 and include the offset angle {yp.

A normal line to the plane T, erected in the mean point, intersects with the pinion axis at np and with
the wheel axis at ng. This line corresponds to line Q of Figure A.2 representing the centre distance ay of
virtual cylindrical gears. With hypoid gears, however, the pinion axis and wheel axis are not in the same
plane. In order to get virtual cylindrical gears with parallel axes, an approximation is made by giving
both axes the direction, which divides the offset angle {mp into half.

Itis not assumed that thus-defined virtual cylindrical gears have the same meshing conditions as hypoid
gears. This is adjusted afterwards by several appropriate correction factors such as the hypoid factor
Zuyp which accounts for the influence of the lengthwise sliding of hypoid gear teeth. However, virtual
cylindrical gears supply the required geometrical basis to achieve a practicable rating system for all
types of bevel gears.
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v
N
N
N
Key
1 bisecting line of the offset angle {mp
Figure A.1 — Schematic diagram of hypoid gear
A.2.2 Determination of the diameters, dy:
Reference diameter, dy:
d
m1,2
dypp=—1n2 (A1)
c0sdq 7
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for hypoid gears:

dmz U dml

fora=0and X =90°

u2+1

dyy= dm1T

2
dVZ =u dvl
Centre distance, ay:
aV = (dV1 +dV2) / 2

Tip diameter, dy;:

d 2:dV1,2+2h

val, am1,2

Root diameter, dyf:

dye12=dy12—2 b1 p

1SO 10300-1:2014(E)

(A.2)

(A.3)

(A4)

(A.5)

(A.6)

(A7)

From Figure A.1 it is also conceivable that the hypoid offset, a, and simultaneously the offset angle {mp
decrease until at a = 0 the special case of bevel gears without offset is reached and the cone distances
:Rm1 and Ry coincide. Then, the well-known former parameters of virtual cylindrical gears are valid

-again as given in Figure A.2.
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Figure A.2 — Bevel gears without offset and their corresponding virtual cylindrical gears

A.2.3 Determination of the helix angle, 3,

For bevel gears without offset, the helix angle By of virtual cylindrical gears is equal to the spiral angle of
the pinion 1 and the wheel 8,2 because i1 = fmz2. However, this is not true with hypoid gears where
Pm1 = Pm2 + {mp (see ISO 23509). In order to find the one helix angle for the virtual cylindrical gear pair,
it is referred to Figure A.1 where the bisecting line of the angle {ip defines the direction of the virtual
pinion axis and wheel axis. Then, the pinion helix angle is fim1 - {mp/2, is equal to the wheel helix angle
Pm2 + {mp/2, and both are equal to the helix angle fy of the virtual cylindrical gear pair.

On this basis a comparison of the meshing conditions mentioned in A.1 was applied. The inclination
angle g between the contact line and the pitch line in the mean point was used as a representative
parameter in this case. It turned out that the inclination angle Sg calculated by TCA for any bevel or
hypoid gear has nearly the same value as calculated for the corresponding virtual cylindrical gear with
helix angle By which is the arithmetic mean value of both spiral angles i1 and Bm2.

NOTE In this context, contact line means the major axis of the Hertzian contact ellipse under load.
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Helix angle, Sy:

ﬁvzﬂmlzﬁmZ (A8)

Base diameter, dyp:

dvb1,2 = dvl,ZCOS‘xvet (A9)

where:

Qyer =arctan(tano, /cosf,) (A.10)
a) a,=0,p fordriveside (see ISO 23509);
b) o, =0 for coastside (see ISO 23509).

Transverse module, myy¢:

My =My, /cosP,, (A.11)

Number of teeth, zy:

Zy1p =dy12 /Myt (A.12)

Gear ratio, uy:

Uy =zy,/z (A.13)

fora=0and2=90°% z,; =2 (A.14)

Zyp :ZZ\/u2+1 (A.15)

Helix angle at base circle, Syp:

B.p =arcsin (sinf,cosa ) (A.16)

Transverse base pitch, pyet:

Pvet =7 My COSCy,q /COS B, (A.17)

Length of path of contact, gyq:
10 [ 2 2 - [, 2 2 -
9vo = E dval _dvbl _dvl SNy |+ dvaZ _dva _dVZ SINU et (A'18)

A.2.4 Determination of the face width, b,

Whereas the face width of virtual cylindrical gears and of their corresponding bevel gears without
offset have the same size (by = b, see Figure A.2), this is not true for hypoid gears. Before the face width
by is calculated, the effective face width by eff of the virtual cylindrical gear pair shall be determined.
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For that purpose, the length of the contact pattern by eff, which is measured in the direction of the wheel
face width, is used.

Simplified, itisassumed thatthe theoretical zone ofaction of the hypoid wheel is not arched but developed
into a parallelogram and then projected on to the common pitch plane T as shown in Figure A.3 by
dotted bold lines. The side lines of this zone of action around mean point P are vertical to the wheel axis
which in this view coincides with the cone distance R 2. The other two boundary lines are parallel to
the instantaneous axis of helical relative motion of the hypoid gear pair which is given by the angle 9np.

Thezone ofaction of the corresponding virtual cylindrical gear pairis the greatest possible parallelogram
(bold lines in Figure A.3) inscribed in the theoretical zone of action of the wheel whereby the side lines
now are vertical to the axis of roll of the virtual cylindrical gear pair given by the angle {ip/2. The width
of this smaller parallelogram appears in the given view in true length and it is the effective face width by
eff of the virtual cylindrical gear pair. To get the complete zone of action in true size, the given top view
is projected into the plane inclined by the effective pressure angle, ayet, of the active flank in which the
path of contact is also in true size (see key item 4 of Figure A.3).

~
[y
s
® T
bv, eff 4:>
v+
/
/
//
\/ s
/ 3
/ N >
=
-t
~ s
4 &

c0s({ mp/2)

‘\@m\~/

Key

1 axis of relative helical motion of the hypoid gears

2 axis of roll of the virtual cylindrical gears

3  projected zone of action in tangential plane (dimensions of bevel gears)
4  zone of action in meshing plane (dimensions of virtual cylindrical gears)

Figure A.3 — Simplified zone of action for virtual cylindrical gears

The following Formula (A.19) is derived from Figure A.3:

Effective face width, by eff:

o (bz'eff/cos(Cmp/Z)—gvaCosavet tan(Cmp/Z)) (A.19)
veeff = 1—tany'tan(§mp/2) |

AN — i
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where:
y':ﬁmp—éjmp/z (A.20)

Y

mp = arctan (sind,tan¢,, ) (A.21)
et 1S the effective pressure angle of the virtual cylindrical gears calculated for the active
flank, see Formula (A.10);

for {mp and {m see ISO 23509.

by eff is the effective width of the contact pattern under a certain load. It should be derived from
measurements or TCA, at the preliminary design stage bz eff = 0,85 by is a reasonable estimate.

In a second step, the face width by is defined:

b
b, =b, bV'—eff (A.22)
2,eff

A.2.5 Comparison of meshing conditions

The parallelogram as zone of action determined for the virtual cylindrical gear pair is now compared
with the real contact lines and pattern calculated by a TCA of the bevel gear set. Both zones of action
are projected into a plane vertical to the wheel axis and then superposed for illustration. Six such
sample plots, derived from three gear sets with different offset values a, are arranged in Table A.1,
considering both flanks (drive side and coast side). As a reference, each little plot gives the axis of roll of
virtual cylindrical gears and the lines of mean cone distances of pinion and wheel which intersect in the
respective mean point P.

In addition, the parallelogram of the virtual zone of action contains three representative straight
contact lines (bold lines). They fit angularly very well with the calculated curved contact lines which
are drawn thicker where they form the contact pattern. Also, each of these calculated contact patterns
is well covered in size and position by the parallelogram of the respective virtual cylindrical gear, which
means that the equivalence of the meshing conditions between bevel gears and their virtual cylindrical
gears is very good for a rating system.

It was found that the former ellipse, inscribed in the zone of action, produces no better results than
the newly defined parallelogram. It seems that the major axis of the ellipse does not always have to be
parallel to the axis of the virtual cylindrical gear, but should at least be turned by an angle, which would
be very difficult to calculate.
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Table A.1 — Exemplary zones of action of virtual cylindrical gear pairs and calculated contact
patterns of the bevel gear sets in a projection parallel to the wheel axis

Actual Hypoid offset
flank a=0mm a=15mm a=30mm
2 3 N % k\“\\\X\\\\\\\\\‘ ?3 AN \\
rive ! L SN J - @ .\\\\\‘\1-@\\\\\\\\1
= NY ‘=AY
“;\\\\\\\\\\\‘ 1 &\\\\\\\\\\\\\‘ \\\\\\\\\\\\\\\\\“@V
N
Key

1 mean cone distance pinion

2 mean cone distance wheel

3 axisofroll

A.2.6 Determination of contact ratios, ¢y

Transverse contact ratio, yq:

Eva zgvoc/pvet (A.23)
Face contact ratio, &yp:
= Dyt sin By (A.24)

v
B T My,

The transverse and face contact ratios calculated with Formulae (A.23) and (A.24) for the virtual
cylindrical gear are determinant for the load capacity calculation. But it is possible that they deviate
from the ratios calculated on the basis of the real dimensions of the bevel gears or on the basis of a TCA.

Virtual contact ratio, yy:

Evy =€y TEWP (A.25)

A.2.7 Determination of the length of contact lines, /;,

When the tooth contact has been suitably developed, the full load contact should not extend beyond the
boundary of the assumed parallelogram (see Figure A.4). Normally the contact lines are shorter than
they theoretically could be because of the crowning of the flanks in profile and lengthwise directions.
This is considered with the correction factor Cjp which reduces the length of the contact lines by an

elliptical function (see Figure A.5).
Formulae (A.26) to (A.36) shall be calculated, according to Table A.2, for:
a) the tip contact line with f= f;

b) the middle contact line, Iy, with f = fiy;
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c) theroot contactline with f= f.

1SO 10300-1:2014(E)

Table A.2 — Distance f of the tip, middle and root contact line in the zone of action

- Surface durability Tooth root strength

eypg=0 ft |~ (pvet = 0,5 pvet € va) COSPyb + Pvet COSPyb (Pvet - 0,5 pvet € va) €OSBub + Pvet COSPyb

fm |~ (Pvet = 0,5 pvet € va) cOSPyb (Pvet - 0,5 pvet € va) COSPyb

fr |~ (Pvet — 0,5 pvet € vo) €OSPyb - Pvet COSPyb (Pvet - 0,5 pvet € va) €OSBvb - Pvet COSByh
O0<eyp<l |ft |- (Pvet— 0,5 Ppvet € va) cOSPyb (1-€ vB) + Pvet COSPyb (Pvet - 0,5 pvet € va) cosPvb (1-€ vp) + Pvet COSPyb

fm |~ (Pvet = 0,5 pet € vo) cOSPyp (1 - evp) (Pvet - 0,5 pet € vo) cOsPyp (1 - €vp)

fr | = (Pvet = 0,5 pvet € va) €OSPyb (1 - Evp) - Pvet COSPyb (Pvet - 0,5 pvet € va) osPyb (1 - €yg) - Pvet COSPyb
eypz1 ft |+ Pvet cosPyb + Pvet COSPyb

fm |0 0

fr |~ PvetcosBvp - Pvet COSPvb

NOTE

Because of the symmetry of the contact area with respect to the point M, a contact line with the

distance f has the same length compared to a contact line with the distance - f. Hence the sum of the length of the
three considered contact lines is independent of the sign of distance f.

In this case, fim (pitting) = = fm (tooth root)ifr (pitting) = -ft (tooth root) and f (pitting) = -fr (tooth root)- Together
with the symmetry of load distribution according to ISO 10300-2:2014, Figure 2, this leads in total to
load sharing factors for pitting, Zs, and for tooth root, Y15, where Y15 = Z.s2.

Length of contact line, Ip:

Iy =Ipo (1-Cyp) (A.26)
for C)p = correction factor, see Formula (A.34).
Theoretical length of contact line, Iyo:
2 2
Ib0=\/(X1_X2) +(y1-y2) (A.27)
where
f : bv,eff 1 b
Cosﬁvb +tanﬁvb fsmﬁvb +T +E(gvoc + v,eff tany)
Xy = (A.28)
tany +tan 3,
s bv,eff 1 b
feosByp+tan Py | fsinfy, +T _E(gvoc T 0y eff tan7)
Xy = (A.29)
tany +tan
: by efr
Y12=-X1ptan B, + fcos By, +tan By | fsinBy, +’T (A.30)
Attention — If x1 2 < 0: x1,2 = 0 and if x1,2 > byeff: X1,2 = Dyeff.
The maximum distances from the middle contact line are calculated according to Figure A.4:
1
fmaxB = E[gvoc +Dy eff (tany+ tan By, ):ICOSﬁVb (A.31)
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1
fmaxo = E[gvoc —by eff (tany+tanﬁvb ):ICOSﬂVb (A.32)
with
tany =tany'/cosa e (A.33)

Attention — IffmaXB >fmax05fmax =fmaxB elsefmax =fmaxO-

Correction factor, Cip:

2 A 2
Cp=.Il1- f 1 |Dveft (A.34)
fmax bV

Figure A.4 shows the general definitions of values for calculating the theoretical length of lines of contact
Ibo.

’09*0
[

b v, eff

by

Key

D  outer point of single contact
M centre of the zone of action
B inner point of single contact

Figure A.4 — General definition of length of contact lines

AA — i
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b, !b

v, eff v

S/ fmax

Figure A.5 — Correction factor, Cjp

‘A.2.8 Determination of the radius of relative curvature, pr| for the contact stress calculation:

Radius of relative curvature vertical to the contact line, pre:
2
Prel = |pt|COS ﬁB

Inclination angle of contact line, p:

Bg =arctan(tan ,sina,)

where

ae =aep fordrive side (see ISO 23509);

ae = aec  for coast side (see ISO 23509).

Radius of relative curvature in normal section at the mean point, p; see Reference [6]:

a) Drive side:

Pe=

-1
1 cos B, ,cos B, , 1 1
. +
cosa, (tan o, —tano, )+ ta\nCmp tan B cos é’mp R ,tand, R _,tand,
b) Coastside:

Pt =

-1
1 cosf3,1€0sB,,» [ 1 . 1 ]:I

{cosotrlC (tan(—anc)—tanalim)—tanCmptanﬁB cosCpp R,,tand, R, ;tand;

A.3 Data of virtual cylindrical gear in normal section (suffix vn)
Number of teeth zyy, of virtual spur gears:

— Z 1

Zy1 =
n coszﬁvbcosﬁV
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Zyn2 =UyZyn1 (A.39)

Reference diameter dyp:

g o iz _ A.40
vnl,2 — 2 - Zvnl,men ( . )
cos“ By
Tip diameter dyan:
dyan1,2 =9yn1,2 tdva1,2 =dy1,2 =dyn1,2 +2ham1,2 (A41)
Base diameter dypn:
dybn1,2 = dyn1,2€0S0e = Zyn1 2 p,cMmn COSOe (A42)

Profile contact ratio eyqn:
2
€van = Eva /COS Byb (A.43)

Attention — Hypoid gears with different effective pressure angles for drive and coast side have
different virtual cylindrical gears in normal section. Therefore, z,,, dyan and dyp, should be
calculated separately for drive flank (suffix D) and coast flank (suffix C).
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Annex B
(normative)

Calculation of virtual cylindrical gears — Method B2

B.1 General

Clause B.2 contains the geometric relations for generating the virtual cylindrical gear data required for
bevel gear load capacity calculations when using method B2. The initial bevel gear data necessary for
the virtual gear calculation should conform with ISO 23509. A base unit of one diametral pitch, 1 O/metz,
is used in the calculations. ,

B.3 and B.4 contain illustrations that demonstrate the procedure used to evaluate tooth loading and 1ts
distribution. :

B.2 Approximate values for application factors

Relative face width:

by =by [ Mg, (B.1)

Relative mean back cone distance:

R tandy
Rmpt1,2 =" ’m ’ (B.2)
et2

Angle between direction of contact and the pitch tangent (for hypoid gears only):

cot(CR—/l)zcotCR(l,O+ 710050y J (B.3)
Z5c050,1C0s{ R

for {r = pinion offset angle in root plane, see ISO 23509:2006, Formula (144).
Face contact ratio:

a) for bevel gears:

eyp =bysinf .y /(7 mpyy, ) (B.4a)

b) for hypoid gears:
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c0SBm2 by

g, =| ——24—+sin B.4b

Relative mean virtual pitch radius:
Rinpt1,2
"'vn1,2 = % (B.5)
cos“Bi2

Relative centre distance:

Ayn =Tyn1 T rvn2 (B.6)
Relative mean virtual dedendum:

hyfm1,2 = Nm1,2/Metz (B.7)
Relative virtual tooth thickness:

Symn1,2 = Smn1,2 /metZ (B.8)
Relative mean virtual tip radius:

Fvat2 =Ttz th o [Me (B.9)
Angular pitch of virtual cylindrical wheel (required in ISO 10300-3:2014, 7.4.5):

0, = Tmn_ (B.10)

Met2Mvn2

Relative edge radius of tool:

Pyva01,2 = Pa01,2/Met2 (B.11)
Virtual spiral angle:
a) for bevel gears

By = B2 (B.12a)
b) for hypoid gears

ﬁv :ﬁm1_lr (B.12b)
where

R R
tan(Brg Ay ) = m2tandptanfi 1 + Ry qtandyqtanBp, 2 (B.13)

Rmztan5f2 +Rm1tan5al
for 62, see ISO 23509.

Adjusted pressure angle:

AQ — i
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The adjusted pressure angle is the pressure angle of a tooth slot at the pitch line referenced from the

wheel apex.

j— o
o, =0,y —90°cosd,c08P,,,/2,

Base virtual helix angle:

sinf,;, =sinf,cosa,

Relative mean virtual base radius:

I'vbn1,2 =Tvn1,2€050,

Relative length of action from pinion tip to pitch circle in the normal section:

_ /.2 2 :
Gvoma =\ Tval ~Tvbn1 ~Tyn1SINCA,

Relative length of action from wheel tip to pitch circle in the normal section:

_ /.2 2 :
Gvonr =\ Tva2 ~Tvbn2 ~Fyn2SIN0,

Relative length of action in normal section:

9von = Yvoma T Gvonr

Relative mean normal pitch of virtual cylindrical gear:

2,0 my

pmn -

Mgy COSQL, (coszﬁml +coszﬂm2 +2,0 tanzaa)

Profile contact ratio in mean normal section:

—9von

SV(XH -

mn

Profile contact ratio in mean transverse section:

_ 2
€ya = EyonCOS ﬁvb

Modified contact ratio for bevel gears without hypoid offset:

_ .2 2
Evy =\Eva tELB

Contact shift factor, see also Figure B.7:

T Z2—24
3,2 ZZ +4‘,0 Zl

B.3 Tooth loading

(B.14)
(B.15)

(B.16)
(B.17)
(B.18)
(B.19)§1
(B.ZO)E;
(B.21)
(B.22)

(B.23)

(B.24)

The zone of action for a bevel or hypoid gear pair is defined as a rectangle for the virtual gears with the
same face width by = bz and same length, gy, of mean line of action; see Figure B.1.

mrenanid Al vights reserved

Copyright International Organization for Standardization
Provided by IHS under license with ISO
No reproduction or networking permitted without license from IHS

49

Licensee=University of Alberta/5966844001, User=sharabiani, shahramfs
Not for Resale, 03/25/2014 19:48:56 MDT



ISO 10300-1:2014(E)
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¥

bv

Figure B.1 — Zone of action

Bevel gear tooth surfaces are developed to accommodate deflections under load. A proper development
resultsinanelliptical contact pattern underload with the ellipse of contact tangent to the four boundaries
of the zone of action as shown in Figure B.2.

by

N
!
|
|
|
|
T
|
|
|
|
|
~-
gva

Figure B.2 — Contact pattern

When the modified contact ratio is less than two, the maximum load occurs at the outer point of single
tooth contact as shown in Figure B.3.

bv

—~
|
|

|

|

|
i
Gva

Figure B.3 — Outer point of single tooth contact

When the modified contact ratio is greater than two, the maximum load occurs at the centre of the
contact ellipse as shown in Figure B.4.

=4 B .
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Fva

Figure B.4 — Contact ratio greater than two

B.4 Load distribution

The load distribution along the major and minor axes of the contact ellipse is shown as semi-ellipses in
Figure B.5.

Iva

Figure B.5 — Load distribution

Compressive stress resulting from adjacent teeth in contact is taken into account. The lines of contact
and contour lines in the zone of action plot Figure B.6 demonstrate the effect.

bv

Figure B.6 — Adjacent tooth contact

B.5 Point of load application

This is the position at which a concentrated load is assumed replacing the distributed load for use in the
calculation. The load position is shifted towards the heel with an empirical formula based on etching

tests; see Figure B.7.
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Key
1 heel
2  toe

Figure B.7 — Contact shift factor, k’

This contact shift factor is used in both the contact stress and the tooth root stress calculation according
to method B2. For the pitting resistance calculation, k’ is inserted in an iteration procedure to locate the
point of highest compressive stress.

=92 B .
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Annex C
(informative)

Values for application factor, Ka

C.1 Establishment of application factors

The application factor, K, can best be established by means of a thorough analysis of service experience
with a particular application. If service experience is not available, a thorough analytical investigation
should be carried out.

C.2 Approximate values for application factors

Table C.1 provides typical values for application factors if service experience is lacking or if a detalled
analysis is not available. v

CAUTION — Table C.1 should be used with caution since much higher values have occurred (those
as high as 10 have been used) in some applications.

Because bevel gears are nearly always designed with long (on the pinion member) and short addendum
teeth, regardless of whether the pinion or wheel is the driving member, this results in an approach
action when the wheel is driving. As a result, the application factor for speed increasing drives will be
larger than for speed decreasing drives (see footnote to Table C.1).

Table C.1 — Recommended values for application factor, Kj2

Working characteristics Working characteristics of the driven machine
of the driving machine Uniform Light shocks Medium shocks Heavy shocks
Uniform 1,00 1,25 1,50 1,75 or higher
Light shocks 1,10 1,35 1,60 1,85 or higher
Medium shocks 1,25 1,50 1,75 2,00 or higher
Heavy shocks 1,50 1,75 2,00 2,25 or higher
a  This table is for speed-decreasing drives only.
For speed-increasing drives, a value of 0,01-u2 should be added to Ka, where u = z3/z1 = gear ratio.
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Annex D
(informative)

Contact patterns

The process by which the tooth contact pattern is modified and refined to its desired shape and position
is known as tooth contact development. This is controlled by observing the response of the pattern to
movements of the pinion and gear, rotated at a reasonable speed under light load, using a bevel gear
testing machine.

Displacements are made in the testing machine in three directions:
— along the pinion axis;

— along the wheel axis;

— perpendicular to both axes.

The amount of the testing machine displacements, which place the contact in the desired position, is
then equated to adjustments in the settings of a cutting or grinding machine to produce the desired
contact with the gears assembled at their desired position in the gear box. Repeated trials might be
necessary before the development is complete.

When the design is entirely new (see 5.1.2) deflection and tooth contact checks are frequently performed
to expedite the tooth contact development and evaluate the rigidity of the gear mountings. In such a test,
the unit is operated at 25 % increments of full load, up to full load. Rotational speed is low, to permit
application of the tooth marking compound and reading of the displacement at each increment of load.

Displacements are measured in the same directions as on the bevel gear testing machine, and the results
are then duplicated on the testing machine to determine the necessary adjustments in the cutting
machine, grinding machine, or both.

For gear applications subjected to thermal distortions, the unitis heated to operating temperatures with
heat lamps, and the test is repeated at the same increments of load. Comparison of the data between the
tests indicates the effect of the difference in thermal expansion rates.

NOTE Recent developments in relating computer analysis of tooth contacts to three dimensional coordinate
measurements of bevel gear tooth surfaces have simplified the traditional tooth contact development procedure.

Visual impressions of different contact patterns are shown in the following figures:
— Figure D.1: nomenclature of tooth contact pattern represented on bevel wheel;
— Figure D.2: typical satisfactory loaded contact patterns;

— Figure D.3: typical unsatisfactory loaded contact patterns.
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Figure D.1 — Nomenclature of bevel tooth contact pattern represented on wheel
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Figure D.2 — Typical satisfactory loaded contact patterns represented on wheel
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Figure D.3 — Typical unsatisfactory loaded contact patterns represented on wheel
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