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Foreword

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

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

When ISO 10300:2001 (all parts, withdrawn) became due for (its first) revision, the opportunity was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

Several calculation methods, i.e. A, B and C, are specified, which stand for decreasing accuracy and

reli
mef
det
of t

ISO

woyld be available, such as finite element or boundary element methods combined with so

too

hods in ISO 10300 (all parts) are used for preliminary estimates of gear capacity whe
hils of the gear design are not yet known. More detailed methods are intended forthe re
he load capacity limits when all important gear data are given.

10300 (all parts) does not provide an upgraded calculation procedure as,a’method A,

h contact analyses. The majority of Working Group 13 decided that neither is it suffig

Intq
exp

On the other hand, by means of such a computer program, a néw calculation procedure fo
hyploid gears on the level of method B was developed and cheeked. It is part of the ISO 103(
submethod B1. Besides, if the hypoid offset, g, is zero, method B1 becomes identical to the se
formulae of the former version of ISO 10300 (all parts):2001.

Inv
of v

is sipplemented by a separate clause: “Gear flankrating formulae — Method B2”; regarding IS

itwi
int
met
cled
ISO

Thd
itis
cerf
ISO

Itis
the

rnational Standard to simply refer to such a complex computer program, nor does it ma
ain it step by step in an International Standard.

iew of the decision for ISO 10300 (all parts) to cever hypoid gears also, an annex, called: “
irtual cylindrical gears — Method B2”, is included in this part of ISO 10300. Additionally, I

ps agreed that the former method B2, which'uses the Lewis parabola to determine the crit
he root and not the 30° tangent at the tooth fillet as method B1 does, now be extended by
hods for rating the strength of bevel gears and hypoid gears. It was necessary to prej
rer structure of the three parts, which is illustrated in Figure 1 (of this part of ISO 10
10300 (all parts) gives no preferences in terms of when to use method B1 and when met

procedures covered by 1§01 10300 (all parts) are based on both testing and theoretical §
possible that the results.dbtained from its rating calculations might not be in good agre
ain, previously accepted, gear calculation methods.

10300 (all parts)provides calculation procedures by which different gear designs can be
neither meant'to ensure the performance of assembled gear drive systems nor intended
average engineer. Rather, itis aimed at the experienced gear designer capable of selecting

val

effects ofthe items discussed.

NOTE

es for the factors in these formulae, based on knowledge of similar designs and on awarsg

hbility from A to C because of simplifications implemented in formulae and factors. Theapproximate

‘e the final
calculation

hlthough it
phisticated
ient for an
ke sense to

" bevel and
0 series as
t of proven

Calculation
50 10300-2
010300-3,
cal section
the AGMA
ent a new,
300). Note,
nod B2.

tudies, but
bment with

compared.
for use by
reasonable
ness of the

Contrarytocylindrical gears,wherethe contactisusuallylinear,bevel gearsare generallym

hnufactured

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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a One set

of formulae for both, bevel and hypoid gears.

b Separafe sets of formulae for bevel r hypoid gears.

vi

O

Figure 1 — St@ﬁre 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
Thi

Scope

5 part of ISO 10300 specifies the methods of calculation of the load capacity ofybeével| gears, the

formnulae and symbols used for calculation, and the general factors influencing load conditiops.

Thd
cald

hyp

formulae in ISO 10300 (all parts) are intended to establish uniformly. acceptable methods for
ulating the pitting resistance and bending strength of straight, helical (skew), spiral beve], Zerol and
oid gears. They are applicable equally to tapered depth and uniform depth teeth. Here|nafter, the

termn “bevel gear” refers to all of these gear types; if not the case, the specific forms are identified.
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2
Thd

ind
refq

formulae take into account the known major factors influencing pitting on the tootH flank and
turesinthetoothroot. Theratingformulaearenotapplicablete othertypesofgeartooth defterioration
h as plastic yielding, micropitting, case crushing, welding;and wear. The bending strength formulae
applicable to fractures at the tooth fillet, but not to thoSe on the active flank surfaces,|to failures
he gear rim or of the gear blank through the web and hub. Pitting resistance and bendinjg strength

g systems for a particular type of bevel gears canhe established by selecting proper values for the
ors used in the general formulae. If necessary, the formulae allow for the inclusion of new factors at
fer date. Note, [ISO 10300 (all parts) is not applicable to bevel gears which have an inadequfate contact
ern under load (see Annex D).

rating system of [SO 10300 (all parts)is’based on virtual cylindrical gears and restricted to bevel
's whose virtual cylindrical gears. have transverse contact ratios of &y < 2. Additionally, the given
tions are valid for bevel gears of Which the sum of profile shift coefficients of pinion and wheel is
 (see ISO 23509).

RNING — The user is cautioned that when the formulae are used for large average mean spiral
les (fm1+Pm2)/2 > 45% for effective pressure angles a. > 30° and/or for large fgce widths
13 mmpp, the calculated results of ISO 10300 (all parts) should be confirmed by expgrience.

Normative references

following)documents, in whole or in part, are normatively referenced in this documgnt and are
spensable to its application. For dated references, only the edition cited applies. F¢r undated
rences, the latest edition of the referenced document (including any amendments) appligs.

ISO
ISO
ISO

tT22=1Vocabutary of gear terms— Part 1 Definitions retated to geometry
6336-5, Calculation of load capacity of spur and helical gears — Part 5: Strength and quality of materials

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

(pitting)

ISO
ISO
ISO

10300-3:2014, Calculation of load capacity of bevel gears — Part 3: Calculation of tooth root strength
17485, Bevel gears — ISO system of accuracy
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 sympols, €especially those of auxiliary variables, which are used in equations following clopely
after their|definitions, are not listed in Table 1. Table 2 contains general subscripts used in ISO.Y0B00
(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 - pum)
Cy0 mesh stiffness for average conditions N/(mm - pm)
c’ single stiffness N/(mm - pum)
co’ single stiffness for average conditions N/(mm - pm)
de outer pitch dianieter 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
dvan tip-dtameter-of-virtuateytindricatgearinrnormatseetion T
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
Sfmax maximum distance to middle contact line mm
fmaxB maximum distance to middle contact line at right side of contact pattern mm
Smaxo maximum distance to middle contact line at left side of contact pattern mm
2 © ISO 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 —
yoit relative length of action to point of load application (method R2) —
In relative length of action within the contact ellipse y\b‘ —
ham mean addendum (]9 nm
hao tool addendum {.\,h\ a ‘nm
hem mean dedendum O\Q\) {nm
hep dedendum of the basic rack profile \QJ {nm
hm mean whole depth used for bevel spiral angle factor ,.O lnm
hyfm relative mean virtual dedendum k\\,J —
hpa bending moment arm for tooth root stress (load applicagi/olgtc tooth tip) nm
hn load height from critical section (method B2) ()Q\ lnm
K contact shift factor \\\‘ —
Iy length of contact line (method B1) 0.\\} jnm
Ibo theoretical length of contact line . \'\Q *nm
lbm theoretical length of middle contact li ,® {nm
Met outer transverse module -~ N {nm
Mmn mean normal module \L\'V ‘nm
Mmt mean transverse module{-:\\o‘ lnm
Mred {nass per un_it face width ?éﬁuced to the line of action of dynamically equiva- ke/mm
ent cylindrical gears
m* relative individt(af;gezr;lr mass per unit face width referred to line of action kgd/mm
n rotational sp @n npin-1
ng1 resonan&\yeed of pinion n{in—1
p pea}@f NYmm
Det Wrse base pitch (method B2) mm
Pmax V\ aximum peak load NYmm
g}&\?\‘ relative peak load for calculating the load sharing factor (method B1) —
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 —

© ISO 2014 - All rights 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 hevel gear —
Uy gear ratio of virtual cylindrical gear — y\b‘
Vet tangential speed at outer end (heel) of the reference cone ﬁw

Vet,max | |maximum pitch line velocity at operating pitch diameter {.\,'\n'/s
Vg sliding velocity in the mean point P o > m/s
Vg par sliding velocity parallel to the contact line - m/s
Vgvert sliding velocity vertical to the contact line ~ O m/s
Vmt tangential speed at mid-face width of the reference cone k\VJ m/s

1%) sum of velocities in the mean point P $ O) m/s
Vsh sum of velocities in profile direction ()Q\ m/s
Vs] sum of velocities in lengthwise direction \\\‘ m/s

Vs vert sum of velocities vertical to the contact line 0.\\} m/s
w angle of contact line relative to the root cone \'\Qv °
Xhm profile shift coefficient . 0,® —
Xsm thickness modification coefficient -~ —
XN tooth strength factor (method B2) \L\'V mm
Xoo distance from mean section to po,i-n:\\gﬁoad application mm
Yp running-in allowance for pitch dq%tion related to the polished test piece um
V) location of point of load a;eﬁion for maximum bending stress on path of mm
action (method B2) C)
V3 location of point oflc@ ;;r;plication on path of action for maximum root mm
stress RN\
Ya running-in allow ‘ce for pitch error pum

z number ogg'f\l; —
Zy numlﬁ@‘teeth of virtual cylindrical gear —
Zyn nkr@}r‘of teeth of virtual cylindrical gear in normal section —
Z0 G:pr\nber 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) —

4 © ISO 2014 - All rights reserved
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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
HR Brinell hardness —
K constant; factor for calculating the dynamic factor Ky—p y\b‘ —
Ky dynamic factor (]9 —
K* preliminary dynamic factor for non-hypoid gears {.\,h\ - —
Ka application factor O\Q\) —
Kro lengthwise curvature factor for bending stress \QJ —
Krq transverse load factor for bending stress - O —
Krp face load factor for bending stress k\\,J —
Kya transverse load factor for contact stress $ O —
KHo* preliminary transverse load factor for contact stresg’@?lon-hypoid gears —
Kyp face load factor for contact stress \\\‘ —
Kup-be mounting factor 0.\\} —
N reference speed related to resonance spe‘eﬁz —
Ny, number of load cycles . 0,® —
P nominal power AA\ kKW
Ra = CLA = AA arithmetic averagqf&fghness L m
Re outer cone distance r:\\()‘ jnm
Rm mean cone distance _ * V lnm
Rmpt relative mean back@\e distance —
Rz mean roughnEs()V [Lm
RZ10 mean roug@ﬁsgs’for gear pairs with relative curvature radius pre] = 10 mm L m
SF safety/f\@\@;’for bending stress (against breakage) —
BF,min mi safety factor for bending stress —
SH ‘G'AFF;/ factor for contact stress (against pitting) —
.'H,mi‘HESﬁinimum safety factor for contact stress —
@'\‘ nominal torque of pinion and wheel Nm
W;z Wheel mean slot width m

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) —

© IS0 2014 - All rights reserved
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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 —
YS,rel T relative notch sensitivity factor —
Ye contact ratio factor for bending (method B1) — y\b‘
Zi inertia factor (pitting) Q—p
Zy speed factor r\"\;
Za contact stress adjustment factor (method B2) O\Q\) —
=4
ZE elasticity factor (N/mm?2)1/2
ZFW face width factor c O —
ZHyp hypoid factor k\J —
A pitting resistance geometry factor (method B2) $ O —
\}
ZK bevel gear factor (method B1) ()Q —
7L lubricant factor \\\‘ —
VAR load sharing factor (method B1) O —
ZM-B mid-zone factor . \,\Q —
ZNT life factor (pitting) . 0,® —
N
ZR roughness factor for contact stress -~ —
Zs bevel slip factor - —
Zw work hardening factor {-:\\ —
. \J
Zx size factor . —
N
aa adjusted pressure angle (rp@od B2) °
oS
Qan normal pressure angle £pooth tip °
Qet effective pressure@%-l)e in transverse section °
o
QeD,C effective presg@ngle for drive side/coast side °
ar limit press gle in wheel root coordinates (method B2) °
Alim limit p‘r@e angle °
N
anD,C gepg@d pressure angle for drive side/coast side °
Qyet g’éqgverse pressure angle of virtual cylindrical gears °
7
QFan Toad application angle at tooth tip of virtual cylindrical gear (method B1)
ay, normal pressure angle at point of load application (method B2) °
Bom 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 °
6 © ISO 2014 - All rights reserved
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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 —
£ face cantact ratio of virtnal cylindrical gears —
Evy virtual contact ratio (method B1), modified contact ratio (method B2) y\b‘ —
EN load sharing ratio for bending (method B2) (]9 —
ENI load sharing ratio for pitting (method B2) {.\,h\ - —
{m pinion offset angle in axial plane O\Q\) °
Cmp pinion offset angle in pitch plane \QJ °
{rR pinion offset angle in root plane ,.O °
J auxiliary quantity for tooth form and tooth correction factogé\v‘) radiant
Imp auxiliary angle for virtual face width (method B1) $ O) °
Ov2 angular pitch of virtual cylindrical wheel ()Q\ radiant
3 assumed angle in locating weakest section \\\‘ radiant
&h ;)ne half o_f an_gle subtended by normal circulaé?c%\&h thickness at point of rakiant
oad application N
p density of gear material ,\$ N kgfmms3
Pao cutter edge radius 4‘\‘0 nm
PF fillet radius at point of contact QF@° tangent ‘nm
PFn fillet radius at point of cont@@ 30° tangent in normal section {nm
pfp root fillet radius of basic &u@l\( for cylindrical gears {nm
Prel radius of relative cu@(dre vertical to contact line at virtual cylindrical lnm
gears -
Pt relative radiw\"{grofﬂe curvature between pinion and wheel (method B2) —
Pva0 relative E@?;dius of tool —
o slip la{q‘ff)r;ickness nm
OF toeﬁ{?\olot stress N/mm?2
OF lim \@r‘ninal stress number (bending) N/mm?2
OFF ?5 allowable stress number (bending) N/ mm?2
@\ 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

© ISO 2014 - All rights reserved 7
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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)

|
Subscrlipts 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
@, trials of interpolation

5 Application
5.1 Calculation methods

5.1.1 Geperal

ISO 10300|(all parts) provides the proceduresto predict load capacity of bevel gears. The most vplid
method is full-scale and full-load testing of a’specific gear set design. However, at the design stage dr in
certain fields of application, some calcutation methods are needed to predict load capacity. Therefpre,
methods A} B and C are used in this part of ISO 10300, while method A, if its accuracy and reliabilitylare
proven, is preferred over method B, which in turn is preferred over method C.

ISO 10300 [all parts) allows thieuse 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 Kyg-c.

5.1.2 Method A

Where suf 'cient experience from the operation of other similardesignsis available satisfactory guida nce

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 testi
itself under actual load conditions, lower safety factors may be permitted. The

detprmis

In 4ddition to this general requirement, and the special requirements relating to surface
(pitting) and tooth root strength (see ISO 10300-2 and ISO 10300-3, respectively), safé¢ty fact
determined only after careful consideration of the reliability of the material data and of the
usefl for calculation. The allowable stress numbers used for calculation are validfor a given

ng the unit

safety factors shall be
irg stress.

durability
brs shall be
oad values
brobability

of failure, or damage (the material values in ISO 6336-5, for example, are validfor a 1 % pr¢bability of

danmhage), the risk of damage being reduced as the safety factors are incredsed, and vice ver
or the response of the system to vibration, are estimated rather than measured, a larger fact
shopld be used.

The following variations shall also be taken into consideration in the determination of a safs

variations in gear geometry due to manufacturing tolerdnces;
variations in alignment of gear members;

variations in material due to process variationis in chemistry, cleanliness and micr
(material quality and heat treatment);

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

Ga. If loads,
br of safety

ty factor:

ostructure

The
ast
gea
fail

appropriateness of the safety factors.will thus depend on the reliability of the assum
hose related to load, on which the'calculations are based, as well as on the reliability req
's themselves, in respect of the pessible consequences of any damage that might occur in
ire.

Supjplied gears or assembled gear drives should have a minimum safety factor for contact st
of 1,0. The minimum bepding stress value Sgmin should be 1,3 for spiral bevel including hy
and 1,5 for straight bete] gears or those with S, < 5°.

Thgd minimum saféty factors against pitting damage and tooth breakage should be agreed b
supplier and customer.

5.3| Rating factors

ions, such
ired of the
the case of

ress SH‘min
poid gears,

btween the

5.3

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
implied by t

he reliability of the empirical data.

5.4 Further factors to be considered

The constants and coefficients used in curve fitting often have significant digits in excess of those

5.4.1 Ge

In additioq
interrelate
possible ef]

5.4.2 Lu

The rating
teeth are
surface fin
and mainta

54.3 Mi

Many gear
the gear m
operation ¢
be adverse

5.4.4 De

Deflection
thrust load
obtain goo

driving eqliipment reduces capacity,and this, as well as deflection caused by internal forces, shoul

taken into

5.4.5 Materials and metallurgy

Most beve
materials §
testsonsp
modes of s

1
Il dl

to the factors considered that influence pitting resistance and bending strength, “of]
d system factors can have an important effect on overall transmission performance. T
fect on the calculations should be considered.

prication

5 determined by the formulae of ISO 10300-2 and ISO 10300-3 shall'be valid only if the g
perated with a lubricant of proper viscosity and additive packageAfor the load, speed,
sh, and if there is a sufficient quantity of lubricant on the gear teeth and bearings to lubri
in an acceptable operating temperature.

salignment

bsh. If these supports are poorly designed, initially misaligned, or become misaligned du
lue to elastic or thermal deflections or other influences, overall gear system performance
y affected.

flection

of gear supporting housings, shafts, and bearings due to external overhung, transverse,
s affects tooth contact across the mesh. Since deflection varies with load, it is difficu
H tooth contact at differentleads. Generally, deflection due to external loads from driven

hccount when determrining the actual gear tooth contact.

gears areqmade from case-hardened steel. Allowable stress numbers for this and of

L gears.for which the material strains can be calculated very precisely. Additionally, diffe
feel‘making and heat treatment are considered in ISO 6336-5. Hardness and tensile strer

l?

her,
heir

fear
and
Cate

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

[ing
will

and
to
nd
be

her

hall be.taken preferably from ISO 6336-5 because these are determined by a multitude of

fent
gth

as well as

he“quality grade shall also be criteria for choosing permissible stress numbers.

NOTE

indicate lower allowable stress numbers (see ISO 6336-5).

5.4.6 Residual stress

Higher quality steel grades indicate higher allowable stress numbers, while lower quality grades

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 crit

ap
Thi

A

ications are concerned, performance of a vibration analysis of the complete system is fecq
5 analysis shall comprise the total system, including driver, gearbox, driven equipment

moyinting conditions and sources of excitation. Natural frequencies, mode shapes, and th

resj

54
The
ma
res
oth
the

The
pro

ponse amplitudes should be calculated.

8 Contact pattern

teeth of most bevel gears are crowned in both their profile and lengthwise directions
ufacturing process in order to allow for deflection of the shafts and mountings. Thij
Its in a localized contact pattern during roll testing undey Jight loads. Under design 1
brwise specified, the tooth contact pattern is spread over the‘tooth flank without concer
pattern at the edges of either gear member.

application of the rating formulae to bevel gears nmranufactured under conditions in
Cess has not been carried out and which do nethave an adequate contact pattern, m

modlifications of the factors given in this part of ISQ $0300. Such gears are not covered by IS

par

NO'I
Ann

5.4

Cor
and
bey

5.5

Thd
or b

In

s).

E
ex D for a fuller explanation of tooth contact development).

9 Corrosion

Fosion of the gear tooth sutface can have a significant detrimental effect on the bendin
pitting resistance of thé teeth. However, the quantification of the effect of corrosion on g
pnd the range of ISO #0300 (all parts).

Further influence factors in the basic formulae

basic formulae presented in ISO 10300-2 and ISO 10300-3 include factors reflecting gea
eing established by convention, which need to be calculated in accordance with their for

he formulae in ISO 10300 (all parts), there are also factors that reflect the effects of v

cal service
mmended.
couplings,
e dynamic

during the

crowning
bad, unless
trations of

which this
ay require
10300 (all

The total load used for contact pattéyn analysis can include the effects of an application factor (see

g strength
bar teeth is

[ geometry
mulae.

riations in

pro

Céssing or the operating cycle of the unit. These are known as influence factors because th

ey 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 putposes of ISO 10300 (all parts), pinion torque is used in the basic stress calculation formylae.
In order to|determine the bending moment on the tooth, or the force on the tooth surface, the tangerjtial
force is calfulated, at the reference cone at mid-face width, as follows:
Nominal tgngential force of bevel gears, Fiyt:
2000T;,
Fnetp 70—~ 1
m1,2
Nominal tgngential force of virtual cylindrical gears, Fymt:
cosf3
Fymt =Fmt1 = (2)
cos 1
Nominal tdqrque of pinion and wheel, T:
H d
Ty, = mt1,2 Im1,2 _ 1000 P _ 9549 p 3)
2000 P ny

Nominal ppwer, P:

pFmf12Vme2 _Tiz @12 _Tip Mg @

1000 1000 9549

Nominal tgngential speed at mean ppint, vit:

v B dm12 ®12 _ dm 1,212 (5)

MLzl 2000 19098

The nominfal torque of the driven machine is decisive. This is the operating torque to be transmitted
over a longperiod of time and under the most severe, regular operating conditions.
The nominpl torque of the driving machine may be used if it corresponds to the required torque of|the
driven maghine.

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.

12 © ISO 2014 - All rights reserved


https://standardsiso.com/api/?name=029d9027b50cc11be6e9e98a2aa784b2

1SO 10300-1:2014(E)

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 manyprime movers
develop momentary peak torques considerably greater than those determined by the'nominal ratings
of dither the prime mover or of the driven equipment. There are many possible sources ¢f dynamic
ovefload 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 lpading the
reverse flanks of the gear teeth.

Andlysis for critical speeds within the operating range of the drive train is essential. If critjcal speeds
arelpresent, changes in the design of the.bverall drive system shall be made in order to eithefr 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 d particular
appllication. For applications such as marine gears, which are subjected to cyclic peak torque$ (torsional
vibrations) and are designed for infinite life, the application factor can be defined as the ratjo between
cyclic peak torqueatidthe nominal rated torque. The nominal rated torque is defined by the rpted power
and|speed.

If the gear iS.subjected to a limited number of loads in excess of the amount of cyclic peak forque, this
inflpence.may be covered directly by means of cumulative fatigue analysis or by means of an increased
appllication factor representing the influence of the load spectrum.

If seTvice experience 1s unavailable, a thorough analytical Investigation should be carried out. Annex C
provides approximate values of K4 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:

7.3 Manufacturing

The manufpcturing parameters include:

7.4 Transmission error

pitch line velocity;

tooth load;

inertig and stiffness of the rotating elements;
tooth dqtiffness variation;

lubricgnt properties;

stiffness of bearings and case structure;

critical] speeds and internal vibration within the gear itself.

tooth 4pacing variations;

runout of pitch surfaces with respect to the axis of rotatioh;
tooth fllank variations;

compaltibility of mating gear tooth elements;

balande of parts;

bearinig fit and preload.

Evenifthe |nputtorque and speédare constant, significant vibration of the gear masses and the resultant
dynamic tdoth 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 kinemdgtics
of a gear phir require a‘gonstant ratio between the input and output. Transmission error is definedl as
the deviatipn from uniferm relative angular motion of the pair of meshing gears. It is influenced by all
deviations|from the\deal gear tooth form of the actual gear design, the manufacturing procedure pnd

the operational conditions. The operational conditions include the following:

a)
b)

14

pitch l{nevelocity: 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 frequgncies, etc.)
coincides, or nearly coincides, with a natural frequency of the gearing system, a resonant vibration can
caupe high dynamic tooth loading. When the magnitude of interhal dynamic load at such a dr{ving speed
becpmes large, operation in this speed range should be avoided.

7.6J2 Gear blank resonance

The gear blanks of high-speed or lightweight gearing can have natural frequencies within th¢ operating
spepd range. If the gear blank is excited by adrequency close to one of its natural frequencies, the
res$nant deflections might cause high dynami¢ tooth loads. There is also the possibility of plate or shell

modle vibrations which can cause the geat'blank to fail. If determined by method B or C, the dynamic
factlor, Ky, does not account for gear blankresonance.

7.6{3 System resonance

The gearbox is just one component of a system comprising power source, gearbox, driven equjpment and
intgrconnecting shafts and ceuplings. The dynamic response of this system depends on its cofffiguration.
In dertain 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 evqluated. For
critfcal drives, a détailed analysis of the entire system is recommended. This should then be taken into
accpunt when determining the effects on the application factor.

7.7| Calculation methods for Ky,

7.71 < 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}, - (‘)]’1 A 21 (6)
with K: =K, _pg according to 7.7.3 or K: =K, _¢ according to 7.7.4;
2 |a| 7)
Al =——
1e dmz
7.7.2 Method A, Kya
Ky-p is det¢grmined by a comprehensive analysis, confirmed by experience of similar designs, using|the
following general procedures:

ematical model of the vibration system is deweloped which refers to the entire po

Wwer

ission, including the gearbox;

b) the transmission error of the bevel gears under load is measured, or calculated by a religble
simulation programme for transmission error.ef bevel gears;
c) the dypnamic load response of the piniexizand gear shafts is analysed with the system model, a),

This methgd makes the simplifying assumption that the gear pair constitutes an elementary single mass
and spring|system coniprising the combined masses of pinion and wheel, with a spring stiffness b¢ing
the mesh sftiffness of\the contacting teeth. In accordance with this assumption, forces due to torsignal
vibrations [of theshafts and coupled masses are not covered by Ky.g. This is realistic if other magses
(apart from the gear pair) are connected by shafts of relatively low torsional stiffness. For bevel g¢ars
with signifficant 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 (8)
Ngy

wheére ng1 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 foyr sections:
subrritical, main resonance, supercritical and an intermediate sector (main resohance/supefcritical).

Becpuse of the influence of stiffness values which are not included (for example those of shafts, bearings,
geafbox), 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.s/1,25 is defined.

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

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

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

See|ISO 6336-1[2] for further informatiohten the speed ranges.

7.7]3.3 Resonance speed

Respnance speed of pinion:

30 x 103 | ¢
nE1 = e (9)
Tz Mied

whére

£y, is thexnean value of mesh stiffness [see Formula (11)]:

m;m; (10)

m,. .4 =
Fed

mq +m2

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 Fumt Ka/byeee > 100 N/mm Ce=1 (12a)
b)| for Fymt Ka/byeff< 100 N/mm Cr = (Fymt Ka/bv,eff)/100 N/mm (12p)

by efris effective face width of the virtual cylindrical gear. The effective face width bgg¢ris the real lerjgth
of contact pattern (see Annex D). In the case of full load, the contact pattern typically has a minimpum
length of 8b % of face width by. If it is not possible to obtain information of contact pattern length urjder

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 dule 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 (suff{x x)

(see Figurd 2).

dm1

Figure 2 — Approximate dynamically equivalent cylindrical gears for the determination of the

18

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:
b c'
K:MC"‘]") +Cv'~2 (15)
Fymt KA
whére
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 ya.
NOTE Any positive influence of tip relief or profile crowning is not considered. The calculation ifs, therefore,
on the safe side for bevel gears which normally have profile crowning.
Table 3 — Influence factors cy1 to cy7 in Fermulae (15) to (19)
Influence factor 1<egyy<2a Eyy > 22 -
cuib 0,32 0,32
0’—57 Cv1,2F Cvl + Cy2
Cuze 0,34 €y 0.3
3 0,23 _ 0,09
€yy—1,56
0,57-0,05¢
Cya® 0,90 s TvY
eyy—1,44
cysf 0,47 0,47
& Cv5,6 F Cvs + Cve
CV6f 0,47 £V)/_1’74
= l<eyy<1,5 1,5<eyy<2,5 gyy>2,5
€y78 0,75 0,125 sin [m (eyy - 2)] + 0,875 1,0

a  "FOT &yy, see Formula (A.Z5] according to method BI or Formula (B.Z3J according to method BZ.
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 pingle stiffness for average conditions, a value of 14 N/(mm-um) is recommended;

Cr is f correction factor for non-average conditions [see Formulae (12a) and (12b)}

7.7.3.5 I\I[:in resonance sector (0,75 <N < 1,25)

With the simplifying assumptions given in 7.7.3.1, Formula (18) applies:
by fpettC'
K, p=—P= ¢ ,+c,,+1 18
B g, 2T )

For cy1,2 anjd 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,eff ¢

F.

K =
v-B
vmt K A

CysetCy7+ 1 [19)

For ¢’and f}eff see 7.7.3.3; for ¢ys5 ¢ and\¢y7 see Table 3.

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

In the inteymediate sectorf-the dynamic factor is determined by linear interpolation between Ky at
N =1,25 anld Ky-g at N =45/ Ky is calculated according to 7.7.3.4 and 7.7.3.5, respectively:

Ky gw=125"Kvpw
0,25

-15
Ky g=Ky w15+ ) (1,5-N) 20)

7.7.4 Method-6Ky—r

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).
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KV—C
1.6 B=8
1,5
B=
_—
1,4 /
/ __B=6
1,3 —
L /
. leB=5—
/
1.1
1
0 10 20 30 40 50 V¢t2

wheel pitch line velocity at the outer pitch diameter (m/s)

dynamic factors

accuracy grade according to Formula (25)

The hatched area stands for “very accurate gearing”.

Figure 4 — Dynamic factor, K¢

Becpuse of the approximate-nature of the empirical curves, and the lack of measured tolergnce values
at the design stage, the dynamic factor curve should be selected based on experience of marjufacturing
methods and taking into;account the operating conditions affecting the design (see 7.7.1). In nost cases,

the[contact pattern gn'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 baked on the
trapsmission-exror (see 7.4). If transmission error is not available, it is reasonable to refer to fhe contact
pattern on-the tooth flank. If the contact pattern on each tooth flank is not uniform, pitch accuracy
(sinlgle pitch deviation) can be incorporated as a representative value to determine the dynamic factor.

7.7.42

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.

© IS0 2014 - All rights reserved
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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-beextrapolated beyc end points show gure 4 based ¢ perience 2 3
consideratjon of the factors influencing dynamic load. For the purposes of computer calculdtipns,
Formula (46) defines the end points of the curves in Figure 4.

The dynanjic factor, Ky - ¢ is:

-X
K, o — A4 21)
A+ 200 v,
where

d
Vet2 z"thsz 22)
m2

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

23)
X=0,25 (B - 4,0)0667,
24)
B s the ISO accuracy grade as specifiéd in ISO 17485, intended for the actual gear set.
The accurdcy grade B may also be calculated with knowledge of the single pitch deviation:
fpt
B=4+P,88539:In 25)
0,003-dt +0,3 mp,, +5
where
In s the natural logarithmic function, i.e. loge();

dt s thetelerance diameter according to ISO 17485;

Mmpp 1sthe mean normal madule;

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:

[4+(13-B)]°

Vet2,max = 200 (26)

where Vet2 max is 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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Face load factors, Kyg, Krg

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

,(FD is defined as the ratio between the maximum tooth root stress and the mean

tooth root

stre

8.1

8.1
mag
con,
pos

For
full

Att
pat

8.2

A c(
nee

Ss alorqg the face width.

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 fouindations, which s
gear unit, resulting from either the internal or external gear loads;

bearing clearances;
Hertzian contact deformation of the tooth surfaces;

thermal expansion and distortion of the gear unit’due to operating temperatures
important on gear units where the gear housing.jssmade from a different material thar
shafts and bearings);

centrifugal deflections due to operating speeds.

5 The geometric characteristics of.a bevel gear tooth change along its face width. Acco
fnitudes of the axial and radial compénents of the tangential load vary with the position
fact. Similarly, the deflections of.the mountings and of the tooth itself vary, and in tur
tion of the tooth contact andtits size and shape.

applications in which the eperating torque varies, the desired contact shall be considere]
load only. For intermediate loads, a satisfactory compromise should be accepted.

ention — ISO 10300 (all parts) is not applicable to bevel gears which have a po
tern (see 5.4.8 and Annex D).

Method'A

!

upport the

(especially
the gears,

Fdingly, the
f the tooth
affect the

d “ideal” at

pr contact

mptehensive analysis of all influence factors, such as measurement of tooth root stress i

service, is

ded for an exact determination of the load distribution across the face width according td method A.

Hov

8.3

vever, due To 1ts high cost, this type or analysis 1s generally restricted 1n practice.

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

ana

©IS

lysis (LTCA) and should be used if available.
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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 lnfluel ce nftho dnf!ntﬂ'innc’ and fhns r\fthn bnarinn‘ arrancementis 3rcnuntod fr\r b" the maoun 'lng

............. 5o a5 et ety Y crreTrrotr

factor Kyppe, according to Table 4.

The load djstribution factor Kyg-c is:

Kyp-c 71,5 Knp-be 27)
Attention — Formula (27) is not valid for uncrowned gears.

Table 4 — Mounting factor, Kyg-be

Veriflication of contact pattern Mounting conditions of pinion and wheel
. Neither member can-| One{nember 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 eacl gear set under light test load 1,05 1,10 1,25
for a sampl|le gear selgzgd estimated for full 1,29 132 1,50

NOTE Basefl on optimum tooth contact as evidenced bytesults of a contact pattern test on the gears in their mountings.

WARNING|— The observed contact pattern is normally an accumulated picture of each possjble
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 cpntact 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 Fage load factor,dypic

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

Kpp.c §Knpse/Kro 28)

4.7

For KHB sec 8.'1.1, KH) STT FS.‘T.J.

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)
logyg (SlnﬂmZ)

Thglengthwise tooth mean radius of curvature, pmg, (see ISO 23509) is calculated’as followq:
— |for face milled gears:

me = rCO (313)
— |for face hobbed gears:

tanmnq
=R, »C0s tan + 31b

Pmp = Fm2 ﬂle: P 1+tanv, (tanf, +tann1)} (310)
whgre

V(o =arcsin MmnZo (32)

21y
1, = arccos — Rz €08 Binz (1 +205ins, J (33)
\/Rm2+rcO_2Rm2 r60Sin(Bmz—vo) 2

The range of validity of faceload factor, Kro, is limited.
If the calculated value of'\¥rg > 1,15 set Krg = 1,15; if the calculated value of Krg < 1,00 set Krq = 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

giverrgear dimetsiors,; o the gearaccuracy and theamournt of the totat tangemntiat 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:

*

Ko —1

KHoc:KF(xZK;{a_ Apep 21 (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 detérniined by
measuremgent or by an exact analysis of all influence factors. However, when the latter, is" used,|the
method’s apcuracy and reliability shall be proved and its premises clearly presented.

9.3 Method B

9.3.1 Beyel gears having virtual cylindrical gears with contact ratio £y, <2

Transvers¢g load factors, Kyq, Krq:

Kuo =Kro _Ewr 0,9+0,4M 36)
2 Fwm /b,
where
Cy s the mesh stiffness, as an approximation,y = 20 N/(mm - um) (see 7.7.3.3);
fot s the single pitch deviation, maximuin value of pinion or wheel; for design calculations, the
olerance of the wheel according to\ISO 17485 should be used;
Va s the running-in allowance (see.9.5);
Fme 1s the determinant tangential force at mid-face width on the pitch cone:
Fmth = FvmtKaKvKH3B. 37)

KHq, Krq mpy also be taken from Figure 5.
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KFou KHOL
85 3 2
| 7/ v
/ /_ )
e 77 7 y 5
// //
/////////// 1.3
/ / /_ 1,1
1
0 1 2 3 X
Key
- - T 7 (f peoy 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 havingvirtual cylindrical gears with contact ratio &y, > 2

Tra

for

hsverse load factors Ko, Kra:

2 (ey,-1) _Cy(fpt_yfx)

K., =Kp,=0,9+0,4
¢ “ gvy Fth/bv

Cv foo e Fmen see 9.3.1.

9.3.

9.3.

a)

b)

5> boundary conditions

(38)

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

Method B1:
2
1< KH(X < €Vy/(gva ZLS)

Method B2:
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1< KHoc < 8vy/(8v0c SNI)

(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

a) Method B1:

S KFOLS gvy/(gvoc YLS)

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

(40a)

b) Metho

1 < K{
with Yig 4
[SO 10300+

With these
pair of teef
recommen
of €yan.

9.4 Metl

9.4.1 Ge

Method C
factors Ky
required. 1

or Figure 7

9.4.2 Prg
The follow
a trans

stiffne

] B2:
4

o < 8vy/(£voa SN)
3:2014.

boundary conditions, the most unfavourable load distributionds;-assumed, i.e. only
h transmits the total tangential force, and the calculation is therefore on the safe side.
Hed that the accuracy of bevel gears be chosen so that neither Ky nor Kpq exceeds the v

nod C

heral comments

s, in general, sufficiently accurate for industrial gears. To determine the transverse |
-c, Kra-c the gear accuracy grade, specificloading, gear type and running-in behaviour
he running-in behaviour is expressed by material and type of heat treatment (see Figu

bmises, assumptions

ng assumptions are valid\fer method C:

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

Form

a (17);

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

is specified in 6.4.5 of ISO 10300-3:2014 and ey as specified in 7.4.43”and 7.4.5.2

0b)

of

one
[t is
hlue

oad
are
e 6

5s values of ¢y =20 N/(mm-pm) according to Formula (11) or ¢’ = 14 N/(mm-pm) according to

brse
e of
m.

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.

30
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Table 5 — Transverse load distribution factors, Kijq-c and Kpq-c

Specific loading

2100 N/mm <100 N/mm
vat KA/bv,eff
Gear accuracy grade
yg s and 6 ~ 8 9 10 11 all acc(tllracy
(see 5.3.2) etter grades
K (B1):1/Z{s or 1,2 whichever is
« . the greater
Straight bevel < i | 40 (B2):1 /ey or 1.2
gears = e T ]
S\lrface % (B1):1/¥y5 or 1,2 whichever is
hardened Fa (B2):1/ey or 1,2 the greater
Helical and Kia
spiral bevel K 1,0 1,1 | 1,2 | 1,4 Eyan OT 1,4 whichever is the greater
F
gears “
K (BY:1/ZEg or 1,2 whichever is
« . the greater
Straight bevel 10 11 | 22 (B2):1/ €y or 1,2
gears ’ ’ ' ]
Not K (B1):1/Ys or 1,2 whichever is
hSl gfaced Fa (B2):1/ey or 1,2 the greater
ardene
Helical and KHa
. Eyan or 1,4
spiral bevel Kro Lo D 1,2 14 whichever is the greater

gears

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

9.5 Running-in allowance, yq

The running-in allowance, yq, issthe amount due to running-in by which the mesh alignmgnt error is
redpiced from the start of theseperation. In the absence of direct experience, y4 may be faken from

Figlire 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
5 10 20 40 50 100 f o
Key
St single pitch déviation (um)
Va running-in allowance (um)
structuraland through hardened steel
- - grey-cast iron
[ S — case hardened and nitrided steel
Figure p — Running-in allowance, y,, of gear pairs with a tangential speed of vt > 10 m/p
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Figure 7=~ Running-in allowance, y,, of gear pairs with a tangential speed of v, <
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10 m/s

calculation

fellowing equations, representing the curves in Figures 6 and 7, may be used for the

(where fpt is single pitch deviation, see 9.3.T).

For

through hardened steels:
__160_
“ o H,lim Pt
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 .

© IS0 2014 - All rights reserved

(41)

33


https://standardsiso.com/api/?name=029d9027b50cc11be6e9e98a2aa784b2

ISO 10300-1:2014(E)

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 hgrdened and nitrided gears:

Y =0J075 fiy 43)
for all $peeds with the restriction: y, < 3 um.
If material$ of pinion and wheel are different, a mean value for y, shall be calculated:

+
yazzalzyoﬂ 44)

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

Calculation of virtual cylindrical gears — Method B1

A.1

General
Fenera:

Approved rating procedures for pitting resistance and bending strength of bevel and hy
which can serve as a standard are based on virtual cylindrical gears. The main feason
necpssary allowable stress values can be taken from tests of cylindrical gears which are e
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
of hevel or hypoid gears and of their corresponding virtual cylindrical'gears. In order to e
exaft tooth contact analysis calculations (TCA) were carried out for a broad variety of bevel

geal's and compared with the meshing conditions of the corresponding virtual cylindrical ge
medns the known formulae for bevel gears without offset were confirmed and new extende
including hypoid gears were defined. The latter refers to majef"parameters of virtual cylind
such as helix angle, face width, contact ratio, radius of relative curvature.

Besjdes, the virtual cylindrical gears for hypoids were~developed such that with decrea
values, they continuously approximate to the known,dimensions of those for spiral bevel gea
offdet. The advantage is that also the calculated load eapacities of these hypoid gears approxi
propen good results of spiral bevel gears.

So,
gea
or h

Annex A contains geometric relations for generating the data of the required virtual
I's. The gear data presented here apply exclusively to gears with (Xhm1 + Xhm2) = 0. The i
ypoid gear data necessary for thesé.calculations should conform to ISO 235009.

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

A.2|1 General

If aftransverse section of a bevel gear tooth at midface is developed into the sectional plan
cylindrical gear is‘obtained with nearly involute teeth. This is standard practice for bevel ge:
hypoid offset {sée Figure A.2). For hypoid gears which are geometrically the most gene
geafing, a sifmilar procedure is applicable. Looking at Figure A.1, a schematic diagram of hy
(sed also_Figure A.2 of ISO 23509:2006) shows a common tangential plane T between both

with diameters dpy1 and dpp, which contact each other at the mean point P. Besides, both |

poid gears
is that the
hsier to get

conditions
nsure this,
hnd hypoid
hrs. By this
d formulae
rical gears,

sing offset
rs without
mate to the

cylindrical
hitial bevel

e, a virtual
rs without
Fal type of
poid gears
pitch cones
bitch cones

confaet with the tangential plane T along lines which are designated as mean cone distanc

bs Ry and

Rm2 and include the offsetangle Cmp-

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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Key

1 bisecting line of the offset angle {mp

A.2.2 De

Reference

dy12=

36

Ng
v
N
)
N
| — 7-
1
N
b}

Figure A.1 —Schematic diagram of hypoid gear

termination of the diameters, d:
liameter, dy:

dm1,2
c0sdq o

(h.1)
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for hypoid gears:

dmz U dml

fora=0and X =90°

u2+1

dyy=dmq

Cenltre distance, ay:

Tip

Rod

Fro
dec
Rm]
aga

aV :(dV1+dV2) / 2

diameter, dya:

dya1,2 =dy12+2 hymi2

t diameter, dyf:

dye12=dy12—2 b1 p

n Figure A.1 it is also conceivable that the hyfoid offset, a, and simultaneously the offse
rease until at a = 0 the special case of bevel'gears without offset is reached and the con
and Ry coincide. Then, the well-known former parameters of virtual cylindrical gear

n as given in Figure A.2.

(A.2)

(A.3)

(A4)

(A.5)

(A.6)

(A7)
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Figure(A.2 — Bevel gears without offset and their corresponding virtual cylindrical gearg

A.2.3 Determination of the'helix angle, S,

For bevel gpars withoutoffset, the helix angle Sy of virtual cylindrical gears is equal to the spiral angle of
the pinion frh1 and the'wheel B2 because i1 = fmz2. However, this is not true with hypoid gears where
Pm1 = Pm2 1 {mp (Se€1S0 23509). In order to find the one helix angle for the virtual cylindrical gear ;Fir,

it is referr¢d t@ Kigure A.1 where the bisecting line of the angle {i,p defines the direction of the virfual
pinion axiq 4nd wheel axis. Then, the pinion helix angle is fim1 - {mp/2, is equal to the wheel helix apgle
Pm2 + {mp/Z, and both are equal to the hellX angle By 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).

Trapsverse module, myy¢:

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

Numnber of teeth, zy:

71,2 =dy1,2/ Myt (A.12)

Geadr ratio, uy:

Uy =Zy/Z (A.13)

fora=0and2=90% z,4 =2, (A.14)

Z 2 :ZZ\/u2+1 (A.15)

Heljx angle at base ¢ircle, Syp:

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

Trapsverise'base pitch, pyet:

=T M, COSO.../cosf3., A.17
Dy =TT My,

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 ve[tical to the axis of roll of the virtual cylindrical gear pair given by the angle {mp/2. The w{dth

of this smaller parallelogram appears in the given view in true length and it is the effective face width by
eff of the vilrtual cylindrical gear pair. To get the complete zone of action in true size, the given top vliew
is projectefl into the plane inclined by the effective pressure angle, ayet, of the active flank’in‘which|the
path of corftact is also in true size (see key item 4 of Figure A.3).

~
[y
s
s r
bv, eff 4:>
_v-H
= 7
clo/2 - /
— //
N // %SQ \/ ©
/ 3| 7
R .5 / S
) /\/jg, 3 //V S
e —F
I T o S U o
CLIZEET >
R ] SN
Rotl / —
I | = 7
b
by et
c0s({ mp/2)

'\égw\/

Key

1  axis of yelative helical motion of the hypoid gears

2 axis of oll of thewirtual cylindrical gears

3  projected zone of action in tangential plane (dimensions of bevel gears)
4  zone oflaction 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)—gvaCOSO‘vet tan(Cmp/Z)) (A.19)
veeff = 1—tany'tan(§mp/2) |
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where:
y':ﬁmp—éjmp/z (A.20)
Ump =arctan (sind,tand, ) (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 ¢y see I1SO 23509.

b2,e
med

In 4

A2

The
wit
are
san
con

virtlual cylindrical gears and the lines of mean cong distances of pinion and wheel which inte

resj

In 2
con
are
is W
med
gea

It w
the
par
be

ie is the effective width of the contact pattern under a certain load. It should be“de

second step, the face width by is defined:

b v,eff

b, =b
Y 2bz,eff

5 Comparison of meshing conditions

parallelogram as zone of action determined for the virtual)cylindrical gear pair is now
h the real contact lines and pattern calculated by a TCAf the bevel gear set. Both zong
projected into a plane vertical to the wheel axis andthen superposed for illustratio
ple plots, derived from three gear sets with different offset values a, are arranged in
sidering both flanks (drive side and coast side). AS\areference, each little plot gives the a3

pective mean point P.

|ddition, the parallelogram of the virtual zone of action contains three representati

drawn thicker where they form thecontact pattern. Also, each of these calculated conta
ell covered in size and position.bythe parallelogram of the respective virtual cylindrical

ins that the equivalence of theumeshing conditions between bevel gears and their virtual
's is very good for a rating System.

as found that the former ellipse, inscribed in the zone of action, produces no better r
newly defined paratlelogram. It seems that the major axis of the ellipse does not always|
hllel to the axis ¢fthe virtual cylindrical gear, but should at least be turned by an angle, w
ery difficultto.calculate.

rived from

isurements or TCA, at the preliminary design stage by eff = 0,85 bz is a reasonable‘éstimafe.

(A.22)

compared
s of action
h. Six such
Table A.1,
is of roll of
'sect in the

Ue straight

fact lines (bold lines). They fit angularly very well with the calculated curved contact lines which

Ct patterns
bear, which
cylindrical

bsults than
have to be
hich would
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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

1 meanco
2 mean co

3 axisofr

ne distance pinion
ne distance wheel

D11

Actual Hypoid offset
flank a=0mm a=15mm a=30mm
2 3 N % N\ % AN \\
Drive 1 1 S 1 .\\‘Q‘.\\\‘\“x-\«\\\\\\\V\V‘A
side N A\\\\\\\\\\\\\\\\\\
/ /
—_——— N EN \
side 112 RSNG| 17 AR [ \ v/
N
Key

A.2.6 De

Transversd

Eva =Y

Face conta

b
EVB =—

The transy
cylindrical
from the r4

Virtual cor

Eyy, =E

vy

contact ratio, €yq:
Voc/pvet

[t ratio, eyp:

v, eff sin Bv

T My,

tact ratio, gyy:

vo, T EvB

termination of contact ratios, &y

(A|23)

(A|24)

rerse and face contdct ratios calculated with Formulae (A.23) and (A.24) for the virfual
gear are determinant for the load capacity calculation. But it is possible that they devjate
tios calculated-onthe basis of the real dimensions of the bevel gears or on the basis of a TCA.

(A|25)

A.2.7 De

ermination of the iength of contactlines,

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) thetip

contact line with f= f;;

b) the middle contact line, Iy, with f = fiy;

42
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c) theroot contactline with f= f.
Table A.2 — Distance f of the tip, middle and root contact line in the zone of action
- Surface durability Tooth root strength

evp=0 ft |~ (Pvet = 0,5 pyet € va) COSPyb + Pvet COSPyb (Pvet - 0,5 pet € va) COSPyb + Pvet COSPyb

fm |~ (Pvet = 0,5 pvet € va) cOSByh (pvet - 0,5 pet € va) cosPvb

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

Jm |~ (Pvet = 0,5 pvet € va) COSPvb (1 - €vp) (Pvet - 0,5 pvet € va) cosPvb (1 - €vp)

fr |~ (pvet = 0,5 pyet € va) €OSPyb (1 - €vp) - Pvet COSPyb (pvet - 0,5 pvet € va) cosPyb (1 7-€vp) -[pvet cOSPyb
evppl ft |+ Pvet COSPyb + Pvet COSPByb

fm |0 0

fr |~ Pvet cosPvb - Pvet COSPvb
NOTE Because of the symmetry of the contact area with respect to the-point M, a contact line with the
disthnce f has the same length compared to a contact line with the distance <f~Hence the sum of the length of the
thrdge 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 roof)- Together
with the symmetry of load distribution according to ISO 10300-2:2014, Figure 2, this leadq in total to
load sharing factors for pitting, Zs, and for tooth root, Y ,spwhere Y15 = Z1.s2.

Lenigth of contact line, Ip:

lb = lpo (1-Cyp) (A.26)
for {|p = correction factor, see Formula (A.34).
Theoretical length of contact line, Iyo:
2 2
Ib0=\/(X1_X2) +(y1-y2) (A.27)
whgre
f : bv,eff 1 b
Cosﬁvb +tanﬁvb fsmﬁvb +T +E(gvoc + v,eff tany)
X, = (A.28)
tany +tan 3,
s bv,eff 1 b
fcosByp+tan Py | fsinfy, +T _E(gvoc T 0y eff tan7)
Xo= (A.29)
tany +tan Py,
: by efr
Y12 =—X1tanfBy, + fcos By, +tan By | fsinfy, +’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 (tan7+tanﬁvb ):ICOSﬁVb (A.32)
with
tany =tany'/cosa e (A.33)

Attention — IffmaXB >fmax05fmax =fmaxB elsefmax =fmaxO-

Correction factor, Cip:

2 A 2
Cw=[l1-| =L 1- |t (Al34)
fmax bV
Figure A.4 phows the general definitions of values for calculating the theoretical length ofjlines of confact
Ibo.
® g
N =
bv, eff
by
Key
D  outer ppint of single contact
M centre ¢f the zone dfaction
B inner ppint of single contact
Figure A.4 — General definition of length of contact lines
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Vb, i 1by
)
/
- — |
e |
< |
|
) |
o |
< |
|
|
|
|
1 f/fmax

Figure A.5 — Correction factor, Cjp

A.2]8 Determination of the radius of relative curvature, p¢] for thecontact stress calcy

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

Inclination angle of contact line, p:

Bg =arctan(tan f,sina,)

whére
ae = aep for drive 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:

Pr =

r -1
1 cos B, ,cos B, , 1 1
. +
cos 0} (tan o, —tano, )+ ta\né‘mp tan B cos é’mp R ,tand, R _,tand,

b) [Coast side:

1lation:

(A.35)

(A.36)

(A.37a)

Pt =

-1
1 cosf3,1€0sB,,» [ 1 . 1 ]:I

cosa,c (tan(—a, ) —tanoy,, ) — tan{, tanfg 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

coszﬁvbcosﬁV
© IS0 2014 - All rights reserved
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(A.37b)

(A.38)
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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 =9yn12 tdva12 =dyv12 =dyn12 +2ham1 2 (A.41)
Base diaméter dypn:
dybn1,2|= dyn1,2 €OSOe = Zyn1,2 D,cMmn COSOle (Al42)

Profile conltact ratio eygn:
2
€von = Svoc/cos Bub (A}43)

Attention [— Hypoid gears with different effective pressure angles for drive and coast side have
different yirtual cylindrical gears in normal section. Therefore) zy,, dvan and dyp, should be
calculated separately for drive flank (suffix D) and coast flank (suffix C).
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