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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies (1ISO
member bodies). The work of preparing International Standards is normally carried out through ISO technical com-
mittees. 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 liai-
son with 1SO, also take part in the work. ISO collaborates closely with the International Electrotechnical Commission

(IEC) on all matters of electrotechnical standardization.

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

Draft Internatjonal Standards adopted by the technical committees are circulated to the member bodies for voting.

Publication as

Attention is d
patent rights.

SO shall not be held responsible for identifying any or all such paternit rights.

an International Standard requires approval by at least 75 % of the membethedies casting a vote.

awn to the possibility that some of the elements of this International Standard may be the subject of

International Btandard 1SO 9084 was prepared by Technical Committee ISONC 60, Gears, Subcomntittee SC 2,

Gear capacity

Annexes A ar

calculation.

d B form a normative part of this International Standard:*Annex C is for information only.
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Introduction

Procedures for the calculation of the load capacity of general spur and helical gears with respect to pitting and bend-
ing strength appear in ISO 6336-1, ISO 6336-2, ISO 6336-3 and ISO 6336-5. This International Standard is derived
from ISO 6336-1, ISO 6336-2 and ISO 6336-3 by the use of specific methods and assumptions which are considered
to be applicable to industrial gears. Its application requires the use of allowable stresses and material requirements

which are to be found in ISO 6336-5.
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INTERNATIONAL STANDARD

ISO 9084:2000(E)

Calculation of load capacity of spur and helical gears — Application

to high

speed gears and gears of similar requirements

1 Scope

The formulgie specified in this International Standard are intended to establish a uniformly acceptable-n

culating the
with straigh

The rating
as plastic y
conditions
fractures at
rim, or failu
forging or g

This Interngtional Standard provides a method by which different gear designs can be compared. Itis n

assure the
lic. Instead
the factors
cussed.

CAUTION -
firmed by €

2 Norma

pitting resistance and bending strength capacity of high speed gears and gears of similar
t or helical teeth.

ormulae in this International Standard are not applicable to other types of gear tooth dete
ielding, micropitting, scuffing, case crushing, welding and wear, and are_not)applicable u
vhere there may be an unpredictable profile breakdown. The bending strength formulae are
the tooth fillet, but are not applicable to fractures on the tooth working-ptafile surfaces, faill
[es of the gear blank through web and hub. This International Standard does not apply to teé
intering. It is not applicable to gears which have a poor contact pattern.

performance of assembled drive gear systems. It is not intended for use by the general eng
it is intended for use by the experienced gear designer,who is capable of selecting reasona
in these formulae based on knowledge of similar desighs and awareness of the effects of

— The user is cautioned that the calculated results of this International Standard should b
Kperience.

tive references

The followi
this Intern

gate the p
references,
registers o

ISO 1122-

ISO 1328-
tions relev.

Ng normative documents contain provisions which, through reference in this text, constitute
ional Standard. For dated references, subsequent amendments to, or revisions of, any of
apply. However, parties to agreements based on this International Standard are encoura
ssibility of applying@he“most recent editions of the normative documents indicated below
the latest edition-of the normative document referred to applies. Members of ISO and
currently validdnternational Standards.

11998, Vecabulary of gear terms — Part 1: Definitions related to geometry.

:1995Cylindrical gears — SO system of accuracy — Part 1: Definitions and allowable va
nt-to~corresponding flanks of gear teeth®.

nethod for cal-
requirements

ioration, such
hder vibratory

applicable to
re of the gear
bth finished by

ot intended to
ineering pub-
ble values for
the items dis-

e con-

provisions of
hese publica-
jed to investi-
. For undated
IEC maintain

lues of devia-

ISO 6336-1:1996, Calculation of load capacity of spur and helical gears — Part 1: Basic principles, introduction and

general infl

uence factors.

ISO 6336-2:1996, Calculation of load capacity of spur and helical gears — Part 2: Calculation of surface durability

(pitting).

ISO 6336-3:1996, Calculation of load capacity of spur and helical gears — Part 3: Calculation of tooth bending

strength.

ISO 6336-5:1996, Calculation of load capacity of spur and helical gears — Part 5: Strength and quality of materials.

1) This was corrected and reprinted in 1997.
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3 Terms and definitions

For the purposes of this International Standard, the terms and definitions given in ISO 1122-1 apply. For the symbols,
see Table 1.

Table 1 — Symbols and abbreviations used in this International Standard

Symbol Description or term Unit
a centre distance? mm
b facewidth mm
bs facewidth of an individual helix of a double helical gear mm
B otatfacewidth of a double hefical-gear inciuding gap width m
Cy mean value of mesh stiffness per unit facewidth NZ¢mm - um)
c maximum tooth stiffness of one pair of teeth per unit facewidth (single stiffness) N/ (mm - um)
da1 2 lip diameter of pinion (or wheel) mm
dp1.2 base diameter of pinion (or wheel) mm
di 2 Foot diameter of pinion (or wheel) mm
d; nternal diameter of pinion shaft mm
Ay 2 pitch diameter of pinion (or wheel) mm
di feference diameter of pinion (or wheel) mm
profile form deviation (the value for the total profile deviationF,, may be used alter-
fra hatively for this, if tolerances complying with ISO 1328-1 are used) tm
fima mesh misalignment due to manufacturing deviations Hm
f ransverse base pitch deviation (the values of fy;may be used for the calculations
pb n accordance with ISO 6336-1, using tolerances complying with ISO 1328-1) m
fn helix deviation due to elastic deflections gm
fhs footh alignment deviation jpm
Ju path length of contact mm
h footh depth mm
hap pddendum of basic rack of gylindrical gear mm
he dedendum of basic ragkof cylindrical gear mm
hee bending moment arm-for load application at the outer point of single pair tooth m
Contact
l bearing span mm
m* Felative individual gear mass per unit facewidth referenced to line of action kgfmm
mn hormal-.module mm
Mhred reduced gear pair mass per unit facewidth referenced to line of action kgfmm
My transverse module mm
N1 rotation speed of pinion (or wheel) min~t
NEL resonance speed of pinion min~t
pr protuberance of the tool mm
Dbn normal base pitch mm
Dot transverse base pitch mm
q finishing stock allowance mm
qs notch parameter —

2 © 1SO 2000 — All rights reserved
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Table 1 — Symbols and abbreviations used in this International Standard (continued)
Symbol Description or term Unit

Spr residual fillet undercut mm
SEn tooth-root chord at the critical section mm
SR rim thickness mm
u gear ratio? |u| = |zp/z1] > 1 —
v circur_nferential \_/eloc_ity (wjthout subscript: at reference circle ~ circumferential m/s

velocity at working pitch circle)

T12 rack shift coefficient of pinion (or wheel) —
Ys running-in allowance (equivalent misalignment) pm
Zn virtual number of teeth of a helical gear —
212 number of teeth of pinion (or wheel)? —
Ci, tip relief pwm
Ck basic rack factor —
Cr gear blank factor —
E modulus of elasticity, Young's modulus N/mm?
Fr mean transverse load at the reference cylinder (= F; Kp K;) N
F; (nominal) transverse tangential load at reference cylindet N

Fieq equivalent tangential load at reference cylinder N
Fjs total helix deviation pm
Fisy initial equivalent misalignment (before running-in) pm
J* moment of inertia per unit facewidth kg~mm2/mm
K, dynamic factor —
K, application factor —

Kr, transverse load factor (tooth-root stress) —

Kes face load factor (tooth-root.stress) —

Ky transverse load factor (eontact stress) —

Ky face load factor (contact stress) —
K mesh load facto_r (takes intq account the uneven distribution of the load between .

A meshes for multiple transmission paths)

M, auxiliary values for the determination of Zg p —
N resonance ratio —
N, numker of cycles —
P transmitted power kw
Ra arithmetic mean roughness value (as specified in ISO 4287) pm
Rz mean peak-to-valley roughness (as specified in ISO 4287) pm
Sk safety factor (tooth breakage) —

Semin  |minimum safety factor (tooth breakage) —
Sh safety factor (pitting) —

Shmin  |minimum safety factor (pitting) —
T, nominal torque at the pinion (or wheel) Nm
Y form fact_or, for .the inﬂugnce on nominal tooth-root stress with load applied at the .

outer point of single pair tooth contact

© 1SO 2000 — All rights reserved 3
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Table 1 — Symbols and abbreviations used in this International Standard (continued)
Symbol Description or term Unit
Yzt |relative surface factor —
Ys stress correction factor —
Yx size factor (tooth-root) —
Y3 helix angle factor (tooth-root) —
Y5t |relative notch sensitivity factor —
Zy speed factor —
ZB,D Qinglp p.qir tooth cantact factors for the pininn (nr \A/hr-\r-\l) _
Ze plasticity factor VANJmm
Zy zone factor -
Z ubricant factor —
ZR roughness factor (pitting) —
Zw work-hardening factor —
Zx size factor (pitting) —
Z3 helix angle factor (pitting) —
Ze contact ratio factor (pitting) —
O hormal pressure angle °
oy fransverse pressure angle °
Oyt fransverse pressure angle at the pitch cylinder °
op pressure angle of the basic rack for cylindrical-gears °
I6] helix angle (without subscript — at the reference cylinder) °
B base helix angle °
€a fransverse contact ratio —
€an fransverse contact ratio of virtual spur gear pairs —
€3 pxial overlap ratio —
€x otal contact ratio (ey =.€x+ €g) —
K3 Funning-in factor (equivalent misalignment) —
Pe Foot fillet radius efthe basic rack for cylindrical gears mm
PE footh-root fillet'radius at the critical section mm
oF looth-root Stress N/fm?
OF lim hominalstress number (bending) N/fm?
OFe pllowable stress number (bending) N/mnm?
Okg tooth-root stress limit N/mm?
Ogp permissible bending stress N/mm?
Oko nominal contact stress N/mm?
OH calculated contact stress N/mm?
OH lim allowable stress number (contact) N/mm?
Ohc modified allowable stress number (= oyp S min) N/mm?
OHp permissible contact stress N/mm?2
W12 angular velocity of pinion (or wheel rad/s
@ For external gear pairs a, u, z; and z, are positive; for internal gear pairs a, u and z, are negative with z; positive.

© 1SO 2000 - All rights reserved
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4 Application

4.1 Design, specific applications

4.1.1 General

Gear designers shall recognize that requirements for different applications vary considerably. Use of the procedures
of this International Standard for specific applications demands a careful appraisal of all applicable considerations, in

particular:

— the allg
— the con

— the apq

Design con
of the gear

Any varian

If a mo
son im

a)

standaid.

b) Factors
Interna

In other res
factors, etc

This Intern
and specia|

This Intern
threaded ¢
stiffness w

[vable stress of the material and the number of Toad repetitions;
sequences of any percentage of failure (failure rate);

ropriate safety factor.

siderations to prevent fractures emanating from stress raisers in the tooth-flank, tip chippin
blank through the web or hub should be analysed by general machine gesign methods.

es according to the following shall be reported in the calculation statement.

e refined method of calculation is desired or if compliance wittnthe restrictions givenin 4.1
practical, relevant factors may be evaluated according to the basic standard or anoth

derived from reliable experience or test data may be.tdsed instead of individual factors ac
ional Standard. Concerning this, the criteria for Method A in 1ISO 6336-1:1996, 4.1.8.1, are

are to be classified as being in accordance)with this International Standard.

htional Standard recognizes all high'speed gears and gears of similar requirements besidg
purpose gear units used in petroleum, chemical and gas industries. For these ISO 13691

htional Standard is applicakle) when the wheel blank, shaft/hub connections, shafts, bearin
nnections, foundations and couplings conform to the requirements regarding accuracy, loaq
ich form the basis far the ‘calculation of the load capacity of gears.

Although t

means of iteration it can<also be used to determine the load capacities of gears. The iteration is accom
lecting a load and calcUlating the corresponding safety factor against pitting, Sy, for the pinion. If Sy i
Sk min the Ipad is increased, if it is smaller than Sy min the load is reduced. This is done until the load

sponds to

against toofh breakage, Sr1 = Sr2 = Sk min-

e method deseribed in this International Standard is mainly intended for recalculation

H1 =91 min. The same method is used for the wheel (Sy, = Shmin) and also for the

g and failures

is for any rea-
br application

cording to this
applicable.

pects, rating calculations shall be strictly in accordance with this International Standard if stresses, safety

s high speed,
may apply.

gs, housings,
| capacity and

purposes, by
plished by se-
5 greater than
chosen corre-
safety factors

4.1.2 Gea

r data

This International Standard is applicable within the following constraints.

a) Types of gear

— external and internal, involute spur, helical and double helical gears;

— for double helical gears, it is assumed that the total tangential load is evenly distributed between the two hel-
ices; if this is not the case (e.g. due to externally applied axial forces), this shall be taken into account; the two

heli

ces are treated as two single helical gears in parallel;

— planetary and other gear trains with multiple transmission paths.

© ISO 2000 -
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b) Range of speeds

n, more than or equal to 3 600 min—! (synchronous speed of two-pole motor at 60 Hz current frequency); it is
also applicable for gears of high accuracy needed for special requirements at lower speeds.

c) Gear accuracy

accuracy grade 6 or better according to ISO 1328-1 (affects K, Ko, Kng and Kgg).

d) Range of the transverse contact ratios of virtual spur gear pairs

1,2 < eq < 25 (affects ¢, ¢y, Ky, K, Kro, Ko and Keg).

e) Range of helix angles

3 less thgn or equal to 30° (affects ¢/, ¢y, K, Kug and Kgp).

f) Basic racks

no restriction?, but see d).

4.1.3 Pinion fand pinion shaft

This Internatipnal Standard is applicable to pinions integral with shafts or$oréd pinions mounted symmeétrically be-
tween their bgarings. It is assumed that the bored pinions will be mounted on solid shafts or on hollow|shafts with
di/dsni < 0,5(this affects Kyg and Kgg).

4.1.4 Wheellblank, wheel rim

This Internatignal Standard is applicable when sg, the thieckness of the wheel rim under the tooth roots of internal and
external gearg, is > 3,5 my,.

4.1.5 Materigls

These includqg steel materials (affects Zg{ 0viim, 0re, Ky, Kug, Krg, Kno and Kg,). For materials and their abbre-
viations used| in this International Standard, see Table 2. For information on other materials, see |50 6336-1,
ISO 6336-2, IBO 6336-3 and ISO 6336-5.

Table 2 — Materials

Material Abbrevigtion
Through-harfiening steelyalloy or carbon, through hardened (o > 800 N/mm?) \
Case-hardered steel;>case hardened Eh
Steel, flame{ orinduction-hardened I
Nitriding steelnitrided NT (hitr.)
Through-hardening and case-hardening steel, nitrided NV (nitr.)
Through-hardening and case-hardening steel, nitrocarburized NV (nitrocar.)

4.1.6 Lubrication

The calculation procedures are valid subject to the condition that the gears are spray lubricated at all times of opera-
tion with a lubricant approved by the manufacturer/designer of the gears and the lubricant is sprayed at a tem-

2) For all practical purposes, it may be assumed that the proportions of the basic rack of the tool are equal to those of the basic
rack of the gear.

6 © 1SO 2000 - All rights reserved
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perature and rate which ensures that temperatures assumed for purposes of calculations are not exceeded (affects
lubricant film formation, i.e. factors Z,, Z, and Zg).

4.2 Safety factors

It is necessary to distinguish between the safety factor relative to pitting, Sy, and the safety factor relative to tooth
breakage, Sk.

For a given application, adequate gear load capacity is demonstrated by the computed values of Sy and S being

equal to or

Choice of t
data and th

Important f

the allo
in ISO

the spg
the acc

tooth b

Therefore,
the minimu

For calculal

4.3 Input

The followi
a) gear ds

a, 21, 4

b) design

Ca, C.

materig
ing spa

greater than the values Sy min @and Sk min, respectively.

he value of a safety factor should be based on the degree of confidence in the reliability.0
e consequences of possible failures.

hctors to be considered are the following:
b336-5 are valid for 1 % probability of damage);
cified quality and the effectiveness of quality control at all stages of manufacture;

uracy of specification of the service duty and external conditions;

eakage is often considered to be a greater hazard than pitting.

he chosen value for S min should to be greater than-the value chosen for Sy min. It is recor
In values of the safety factors should be agreed upon'between the purchaser and the mand

ion of the actual safety factor, see 6.1.5 (S ~pitting) and 7.1.4 (Sg, tooth breakage).

data

g data shall be available for the calculations:

ta:

b, M, di, a1, da2dby 1, T2, i, B3, €q, €3, basic rack profile;

and manufacturing-data:
2, Ral, RCLz, RZ]_, RZZ;

Is, material hardnesses and heat treatment details; material quality grades, gear accuracy

[ the available

vable stress numbers used in the calculation are valid for a given probability, 6ffailure (the material values

nmended that
facturer.

grades, bear-

ni-gear dimensions, polar or mass moments of inertia of pinion and wheel and when app

icable, profile

and he

PorT

Requisite g

X modification;

operating data:

or Fi, nq, v1, working characteristics of driving and driven machines.

eometrical data can be calculated according to national standards.

Information to be exchanged between the manufacturer and purchaser should include data specifying material pref-
erences, lubrication, safety factor and externally applied forces due to vibrations and overloads (application factor).

3) When tooth tips are chamfered or rounded, substitute le,z for dal,z-

© ISO 2000 -
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4.4 Numerical equations

The units listed in Clause 3 shall be used in all calculations. Information which will facilitate the use of this Interna-
tional Standard is provided in annex C of ISO 6336-1:1996.

5 Influence factors

5.1 General

The influence

factors KK I B rand - are-all dependent on-the tooth-loadnitialy this-is

he applied

load (nominal
These factors
a) K, with th
b) Kysor K|
5.2 Nomindg

The nominal t

S A o O o VLR S O R e o

tangential load multiplied by the application factor).

are also interdependent and shall therefore be calculated successively as follows;

e applied tangential load F; K4 (equivalent load, multiple mesh trains with FIKAKV“));
-3 with the recalculated load FiKa K.
| tangential load, Fhominal torque, , dominal power, )2

angential load, Fi, is determined in the transverse plane at the réference cylinder. It is base

put torque to the driven machine. This is the torque corresponding to the.hieaviest regular working conditi

tively, the noni
driven machir

inal torque of the prime mover can be used as a basis if it.corresponds to the torque require
e, or some other suitable basis can be chosen.

d on the in-
bn. Alterna-
ment of the

200077, 19 098 x 1 000P 1 000P
d1 dyom1 5 v
Fid,, 1000P  9549P
T = S4= = = 2)
2 D00 W12 N2
. F . Th w12 _ Tiomn, 3)
10qQ0 1000 9 549
. d1 2010 . d12Mm12 )
2000 19 098
™2 2000v Ny2
Wi = = = 5)
30 di, 9549
5.3 Non-uniform load, non-uniform torque, non-uniform power

When the transmitted load is not uniform, consideration should be given not only to the peak load and its anticipated
number of cycles, but also to intermediate loads and their numbers of cycles. This type of load is classed as a duty
cycle and may be represented by a load spectrum. In such cases, the cumulative fatigue effect of the duty cycle is
considered in rating the gearset. A method of calculating the effect of the loads under this condition is given in
ISO/TR 10495.

4) The total tangential load in the case of gear trains with multiple transmission paths, planetary gear systems, or split-path gear
trains is not quite evenly distributed over the individual meshes (depending on design, tangential speed and manufacturing
accuracy). This is to be taken into consideration by inserting a distribution factor Kw to follow K, as appropriate, to adjust the
average tangential load per mesh as necessary.

© ISO 2000 — All ri
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5.4 Maximum tangential load, Figmaximum torque,  1,gaximum power, Prax

This is the maximum tangential load F; may (0r corresponding torque 1 ay, corresponding power Pp.y) in the variable
duty range. Its magnitude can be limited by a suitably responsive safety clutch. Fi may, I max and Ppay shall be known
when safety from pitting damage and from sudden tooth breakage due to loading corresponding to the static stress

limit is to be determined (see 5.5).
5.5 Application factor, K

5.5.1 General

The factor |
These add
the masses

It is recom

5.5.2 Method A — Factor Kaa

K, is deteimined in this method by means of careful measurements and a comprehensive analysis of

on the basi

5.5.3 Method B — Factor Ka.p

If no reliabl
sible to usg

5.6

5.6.1 Gen

The dynan
the transmi

Method B @

In this proc
ing the com
each gear

ignored. THh
the shaft cg

Intermpal dynamic factor,

f(» adjusts the nominal load F;, in order to compensate for incremental gear loads from-éxt
tional forces are largely dependent on the characteristics of the driving and driven machin
and stiffness of the system, including shafts and couplings used in service.

hended that the purchaser and manufacturer/designer agree on the value ofthe applicatior

5 of reliable operational experience in the field of application concerned (see 5.3).

e data, obtained as described in 5.5.2, are availableyor even as early as the first design ph
the guideline values for K as described in angex C with a minimum safety factor of 1,25.

K,

eral

ic factor relates the total tooth*load, including internal dynamic effects of a "multi-resonan
fted tangential tooth load!

f 1ISO 6336-1:1996.s7used in this International Standard.

bdure it is assyumed that the gear pair consists of an elementary single mass and spring sy
bined masses-of pinion and wheel, and the mesh stiffness of the contacting teeth. It is also
bair functions as a single stage pair, i.e. the influence of other stages in a multiple-stage d
is assumption is only tenable when the torsional stiffness (measured at the base radius of
mmion to a wheel and a pinion is less than the mesh stiffness. See 5.6.3 and clause B.1 for

dealing wit

brnal sources.
es, as well as

factor.

he system, or

ase, it is pos-

ce" system, to

stem compris-
assumed that
ear system is
the gears), of
the procedure

) very stiff shafts.

Forces caused by torsional vibrations of the shafts and coupled masses are not covered by K. These forces should
be included with other externally applied forces (e.g. with the application factor).

In multiple mesh gear trains there are several natural frequencies. These can be higher or lower than the natural fre-
guency of a single gear pair which has only one mesh. When such gears run in the supercritical range, analysis by
Method A is recommended. See ISO 6336-1:1996, 6.3.1.

The specific loading for the calculation of K, is (FiK,/b) or alternatively Fieq/b.

If (FiK,) /
If (FiK) /

© ISO 2000 -

b > 100 N/mm, then Fy, /b = (FiK,) /b.

b < 100 N/mm, then Fy,,/b = 100 N/mm.
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Similarly for F;eq/b.

When the specific loading (EKA) /b < 50 N/mm, a particular risk of vibration exists (under some circumstances,
with separation of working tooth flanks), above all for spur or helical gears of coarse quality grade running at high

speed.

5.6.2 Calculation of the parameters required for evaluation of K,

5.6.2.1 Calculation of the relative mass, Mg

a) Calculatio

h of the relative mass m,.q Of a single-stage gear pair

*
e = e = T e ©
where
Myeq IS [the relative mass of a gear pair, i.e. of the mass per unit facewidthof each gear, referred to |its base ra-
diys or to the line of action;
1*,2 arg the polar moments of inertia per unit face width;
To12  arg the base radii (= 0,5 dp12).

b) Calculatig

See clausg

c) Calculatio

For inform

— pinion

h of relative mass, m,.q, of @ multistage gear pair

e B.1.

hs of relative mass, myeq, Of gears of less common designs

ation on the following cases, see clause B.1:

shaft with diameterat' mid-tooth depth, d,1, about equal to the shaft diameter;

— tworri

— one large wheehdriven by two pinions;

— planetary gears;

idly connected;-Coaxial gears;

— idlerg

5.6.2.2 Dete

ears.

rmination of the resonance running speed (main resonance) of a gear pair

a) Resonance running speed, ng;, of the pinion, in reciprocal minutes:

30 x 108

Ne1 =

& .
T min~? (7
TZ1 Myed

with ¢ from annex A.

10

© 1SO 2000 - All rights reserved


https://standardsiso.com/api/?name=f5623ebff984d1ef5de5ea37debe7349

ISO 9084:2000(E)

b) Resonance ratio, N

The ratio of pinion speed to resonance speed, the resonance ratio, IV, is determined as follows:

n NiTZ m

N = _l _ 1 1 red (8)
Ng1 30 000 Cy

The resonance running speed may be above or below the running speed calculated from equation (8) because

of stiffnesses which have not been included, e.g. the stiffnesses of shafts, bearings, housings, etc. and as a re-
sult of damping. For reasons of safety, the resonance range is defined by the following:

Ns < N < 1,15 (9)

At loads such that (FiK,) /b is less than 100 N/mm, the lower limit of resonance ratio, Vs is determined as
follows

— if (F1Kn) /b < 100 N/mm, then

FKa

Ng =0,5+0,35 10
s + b- 100 (10)

— if (fiKa) /b = 1000 N/mm, then

Ns = 0,85 (11)

5.6.2.3 Gear accuracy and running-in parameters,  B$B; Dy

B,, B; and By are non-dimensional parameters used to take into account the effect of tooth deviations and profile
modificatiops on the dynamic load:>

C,fpb eff

B — | 12
lefeff
B = 13
N N (13)
' Cy
Bo= o — — 14
k ‘ FtKA/bI (14)
with
c from annex A;

Cy Cy = Cyy from Table 3 for gears without a specified profile modification.

The effective base pitch and profile deviations are those which are present after running-in. The values of f, e and
ftert are determined by deducting the estimated running-in allowances Yp and y; as follows:

fpbeff:fpbl_yplorfpbeﬁ:fpbz_ypz (15)

5) The amount C, of tip relief may only be allowed for gears of quality grades in the range 0 to 6 as specified in ISO 1328-1.

© 1SO 2000 — All rights reserved 11
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whichever is the greater;

Jret = fior — Yr1 0 fret = fraz — Y12 (16)
whichever is the greater.
5.6.2.4 Running-in allowances, ¥, Y
a) For Vo
16
Yo = —1 Job (17)
OHlim
16d
Y= — fia (18)
OH lign
b) For Eh, IH NT (nitr.), NV (nitr.) and NV (nitrocar.)e)
Yp = 0,075 fip (19)
Yr = 0,07p fra (20)
c) When the[materials differ, ¢, 11 should be determined for the piniommaterial and yp, 1, for the wheel material. The
average vplue is used for the calculation:
Yot = 0.5(Ypr11 — Yp2r2) (21)
5.6.3 Dynanic factor in the subcritical range (N~ Vs
In this sector fesonances may exist if the tooth mesh frequency coincides with N = 1/2 and N = 1/3. The risk of
this is slight in the case of precision helical-or spur gears, if the latter have suitable profile modification (gears as
specified in I§0 1328-1:1995, accuracy-grade 6 or better).
When the conftact ratio of straight spurgears is small or if the quality is of low grade, K, can be just as grgat as in the
main resonangce-speed range. If-this occurs, the design or operating parameters should be altered.
Resonances @t N = 1/4, 1/5, ... are seldom troublesome because the associated vibration amplitudes [are usually
small.
For gear pairg where the stiffnesses of the driving and driven shafts are not equal, in the range N =~ 0,2 ... 0,5, the

tooth contact

erred to the

requency can excite natural frequencies when the torsional stiffness c of the stiffer shaft, ref

line of action, 1S of the same order of magnitude as the Tooth STTINess; 1.e. T ¢/T; 1S of the order of magnitude of Cr-
When this is so, dynamic load increments can exceed values calculated using equation (22):

K,=(NK)+1

K = (CV]_ Bp) + (Cvz Bf) + (OV3 Bk)

(22)

(23)

where Cy; and C,, allow for pitch and profile deviations, while C\3 allows for the cyclic variation of mesh stiffness.

See Table 3.

6) See Table 2 for an explanation of the abbreviations used.

12
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5.6.4 Dynamic factor in the main resonance range ( Ng < N < 1)15

High quality helical gears with high total contact ratios can function satisfactorily in this sector. This also applies to
spur gears of grade 6 or better as specified in ISO 1328-1:1995 which have suitably modified profiles.

Subject to the above, this factor is equal to:
Kv - (Cvl Bp) + (Ov2 Bf) + (Cv4 Bk) +1 (24)

For C' parameters, refer to Table 3.

5.6.5 Dynamic factor in the supercritical range (/N =2 1,5

Resonancg peaks can occur at N = 2, 3, ... in this range. However, in the majority of cases,~vibratipn amplitudes
are small, §ince excitation forces with frequencies lower than meshing frequency are usuallyismall.

For gears ip the supercritical range it is also necessary to consider possible dynamic leads due to trapsverse vibra-

tions of thg gear and shaft assemblies. When the critical transverse vibration frequency is near to thee rotation fre-
guency, ang if this condition cannot be avoided, such loads shall be taken into account:

Kv - CVS Bp) + (OVS Bf) + Cv? (25)

For C parameters refer to Table 3, and for ¢’ refer to annex A.

Table 3 — Equations for the calculation of. fa¢tors @, éhd Cay

1<e <2 €y > 2
Aa 0,32 0,32
0,57
A 0,34 & 03
0,096
Qs 0,23 & 156
0,57 — 0,05 €
(oW 0,90 Te—t1ad
Os 047 0,47
0,12
C 6 0,47 m
1<e <15 15<e, <25 el>25
o 0,75 0,125 sin [x (ey — 2)] + 0,875 1,0

1 _“AOHiim 2
Cy = £ (— — 18,45> 1,5
¥ s o7 +

NOTE When the material of the pinion (1) is different from that of the wheel (2), Clay1 and Cly, are calculated separately: then
Cay = 0,5 (Cay1 + Cay2). Avalue Cyy resulting from running-in is substituted for C, in equation (14) in the case of gears without
a specified profile modification.

© 1SO 2000 — All rights reserved 13
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5.6.6 Dynamic factor in the intermediate range ( 1,15 < N < 1,5

In this range, the dynamic factor is determined by linear interpolation between K, at N = 1,15 and at N = 1,5 as

specified in 5.

K, = Kyn=15 *+

See annex A for single tooth stiffness ¢'.

6.4 and 5.6.5.

Ky(n=115) = Ky(N=15) (

15— N)
0,35

/

(26)

5.7 Facelo

5.7.1 General

The face load
Method C1 of

The use of mg
a) pinion on

positioned

tionally cg
b) pinion dia|
c) stiff whee
d) the contac

e) no additio

f)  running-in
equation:

Fy = —
X3

ad factor, Kyg

factor adjusts gear tooth stresses, to allow for the effects of uneven load distribution over the
ISO 6336-1:1996 is used in this International Standard.

bthod C1 is appropriate for gears having the following characteristics:

solid or hollow shaft, dg,i/ds, < 0,5 positioned symmetrically between bearings (an asy
pinion leads to an additional bending deformation which:shall be evaluated and added to f
mpensated in the full helix modification);

Meter about equal to shaft diameter;

and case, stiff wheel shaft, stiff bearings;

t pattern, under load, extends over the entire facewidth;

hal external loads act on the pinionshaft (e.g. from shaft couplings);

allowance yg < Ygmax @s spéeified in 5.7.2.2; a computed value for Fj, may be verifie

KHB—].

g) itis recompmendedhat the values used for f,, be verified by inspection checks, such as the contad

the workir

Refer to claus

g progress.

e'B)2 for application to planetary gears.

e facewidth.

mmetrically
a, or addi-

] using the

(27)

t pattern in

5.7.2 Values

5.7.2.1 Assu

required for the calculations

med mesh misalignment based on manufacturing tolerances fma

fma is the maximum separation between the tooth flank of the meshing teeth of mating gears. For a pair of gears, the
larger of the values fy3 of a gear pair shall be substituted in equations (28) to (30).

a) Assembly

of gears without any modification or adjustment:

fma =10 fHB

14

(28)
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b)
approp

fma:

fma:

5.7.2.2 Running-in allowance ygunning-in factor

Yy is the a

the factor @

long as y3
a) ForV:

Y =

Q

when U

when 5

when U

b) For Eh,
Yy =0

FBX ma

—— FBX; Kg=1-—

ISO 9084:2000(E)

riate helix modification) and gear pairs suitably crowned:

0,5 fug

Gear pairs with well-designed end relief:

0,7 fHB

kg

hount by which the initial equivalent misalignment is reduced by running-in after start of-of
haracterizing the equivalent misalignment after running-in. The use of xg in calculations-iy
s proportional to .

820 320

H lim OHlim
< 5 m/s: no restriction for ng
m/s < v < 10 m/s: Fj < 80 um

> 10 m/s: Fj < 40 pm
IF, NT (nitr.), NV (nitr.) and NV (nitrocar.):

15 FBX; kg = 0,85

K. = 40 pm

Gear pairs with provision for adjustment (lapping or running-in under light load, adjustable bearings or

(29)

(30)

peration. Kg is

valid only as

(31)

(32)

When the material of the pinion differs from that of the wheel, xg and kg, shall be determined separately for each

material.
Y = (
5.7.3 Detsg

5.7.3.1 Gg

In the folloy

o + Yp2) /25 kg = (kg ' Rpz) /2

rmination of the face load factor Ky

pars with unmodified helices

vingceguations and those in 5.7.3.2, use
5.7.2.2;

kg from

¢ from

annex A;

fma from 5.7.2.1.

a) Spur and single helical gears7)

7

b

dy

b

dy

7

) (-5

Cy

’{'Bcwf ma
K8 o —

2F,/b

(@) [ (2) G-5)

a double helical gear, a more accurate analysis is necessary.

© ISO 2000 -
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It is assumed that the entire torque input is at one shaft end. If the torque input is at both shaft ends or in between helices of
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b) Double helical gears”) 8
4000 ¢ 2bs \ 2 B\*'/1 7 Kac S
Kyp=1 82 ( == — — - — i LALL 35
Wt g (dl) +(d1) (B 12) T F /e (25)

5.7.3.2 Gears with modified helices
a) Spur and single helical gears7)

— With partial helix modification®) (torsional deformation only compensated for);
4000 o (b\'[/1 7 KBCy frma
Kp=1fF —rg— | — -+ == 36
" sr ' E (dl) (b 12) 2Fy /b (36)

— With flll helix modification (torsional and bending deflection compensated):

KBC~ fma
2F, /b

7, 8)

Kug =1+ and Ky > 1,05 (37)

b) Double hglical gears

— with fulI*9 helix modification (torsional and bending deflection compensated):

Kipg=1}F ———
HB -I-Fm/bB

and Kyg > 1,05 (38)
The validity of equations (34) to (38) depends upon compliance with 5.7.1, items a) to g).

5.8 Face lopd factor, Kgg

Kes = K[}y (39)

a) Ifb/h > 8, then

b/h)? 1
N = (b/1) L > (40)
1+ b/h+ (bjh) 1+ h/b+ (h/b)
b) 1fb/h < B, then
Ne = 0,6023 (41)

8) The value of Ky is for the more severely stressed helix, which is that nearer to the torqued end of the pinion; the tangential
load is divided equally between the two helices: the gap width is small compared to the facewidth. Since for the calculation for
K3, half the tooth width (incorporating half the gap width) is used, the obtained values are large. Thus for double helical gears
with a large gap width, method C2 of ISO 6336-1:1996 must be used for the calculation of K.

9) Torsional deflection can be almost completely compensated for by means of a linear tooth trace or helix angle modification. In
addition, crowning is necessary when compensation for bending deflection is required.

10) Full modification of both helices is necessary. Partial modification of the helix angle merely to compensate for torsional de-
flection is not appropriate for double helical gears which are symmetrically positioned between bearings. Torsional and bending
deflections can be almost completely compensated for by means of helix angle modification. However, it is often sufficient if only
the helix nearest the torque input end is modified; torsional and bending deflections of the other helix tend to compensate each
other. This should be verified.
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where

b

h

5.9 Transverse load factors,

ISO 9

084:2000(E)

is the smaller of the facewidths of the pinion and wheel measured at the pitch circles; chamfers or round-
ing of tooth ends shall be ignored; for double helical gears, the width of one helix, bg, shall be substituted;

is the tooth height from tip to root: h = (d, — df) /2.

KHOL KFOL

The transverse load factors account for the effect of the non-uniform distribution of transverse load between several
pairs of simultaneously contacting gear teeth as follows: Ky, for surface stress and K¢, for tooth-root stress.

For high speed gears
KHOL — KFOL - 1,0 (42)
6 Calculation of surface durability (pitting)
6.1 Basig¢ formulae
6.1.1 General
The calculdtion of surface durability is based on the contact stress, oy, at the pitch point or at the inner|(lowest) point
of single pdir tooth contact. The higher of the two values obtained‘is used to determine capacity. oy and the permis-
sible contagt stress, oyp, shall be calculated separately for the wheel and pinion. oy shall be equal tg, or less than,
OnHp.
6.1.2 Determination of contact stress,  ¢gfpr the pinion
The contadt stress oy for the pinion is calculated-as
KK, KighFo> u+1
Oy = £7BZHZEZ€ZB\/ ATV HAC (43)
dlb u

where
b is the facewidth (fer)a double helical gear b = 2 bg); the value b of mating gears is the gmaller of the

facewidths at thepitch circles of pinion and wheel ignoring any intentional transverse chamferg or tooth-end

rouhding; neither unhardened portions of surface-hardened gear tooth flanks nor the transitign zones shall

be Included;
Zg is tl||e factor for the single tooth pair contact for the pinion (see 6.2).

6.1.3 Determination of contact stress,

gfor the wheel

The contact stress oy for the wheel is calculated as

K
@:%a&a%VA

K. Kk,
d,b

u+1
U

where Zj, is the factor for the single tooth pair contact for the wheel (see 6.2).

(44)

The total tangential load in the case of gear trains with multiple transmission paths, planetary gear systems, or split-
path gear trains is not quite evenly distributed over the individual meshes (depending on design, tangential speed

© 1SO 2000 — All rights reserved 17
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and manufacturing accuracy). This is to be taken into consideration by substituting KK, for K, in equation (43)

and equation

6.1.4 Determination of permissible contact stress,

(44) to adjust the average tangential load per mesh as necessary; see clause 5.

OHp

In this International Standard, Method B of ISO 6336-2:1996 is used.

OH lim OHG
OHp — ZLZVZRZWZX == (45)
SH min SH min
The permissi le contact stress (nnrlnr:nr\a) shall he derived fraom nqnatinn (/IL'\), with the infllience factor SH lims ZL,
Zy, Zr and Ay calculated according to this International Standard. However, according to ISO 6336-2 thle values of
Oniim are valiflated for N, = 5 x 10’ load cycles. This number is likely to be exceeded in the life~0fa high speed
gear. Nevertheless values of oyp derived from equation (45) may be used, given optimum conditions, material,
manufacturing and experience; otherwise the values shall be substituted as ouyp s in equation (46). Also see
ISO 6336-2:1P96, 4.2.
O ()2 (1010 ) 0,0191 O'HG (46)
Onp = UiJ2 OnHpref | 7 =
NL SH min
NOTE This edquation is not in ISO 6336-2 but can be deduced from Figure 8 of ISO63386-2:1996.
6.1.5 Safety|factor for surface durability, Sy
Sk shall be calculated separately for the pinion and wheel:
OH¢
SH =—0 > SH min (47)
OH
with oy for ehdurance according to equation (45), 0 in accordance with equation (43) for the pinion and with equa-

tion (44) for th

NOTE Thisis
torque capacity

Notes on min

6.2 Single footh pair centact factors,

When Zg > |
gears to the ¢

e wheel (see 6.1).

the calculated safety factor with regard to contact stress (Hertzian pressure). The corresponding fact]
is approximately equal to the square of Sy.

mum safety factor and probability of failure are given in 4.3 of ISO 6336-1:1996.

Apd

| or Zp > 1, the factors Zz and Zp are used to transform the contact stress at the pitch p
bntact'stress at the inner (lowest) limit of single pair tooth contact of the pinion or the wheel

Zp

or relative to

pint of spur
See 6.1.1.

a) Internalg

alrs

Zp is always to be taken as unity.

b) Spur gears

Determine M, (quotient of py c at the pitch point by pye g at the inner limit (lowest point) of single tooth pair con-

tact of the

M]_:

d?,
Zal g
(/%

18

pinion) and M, (quotient of prelc by preip - Wheel) from:
tano
d2
—2r _32 -+ (Ea - 1) s
dpz

(48)
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tancy
dgz 27 dg 21
\/( 2 1Tz d_f,i_ —(ea—1) %

(See 6.5.1 for calculation of the profile contact ratio €,,)

if My > 1then Zg = M;;if M; < 1then Zg =1,0

if M, > 1then Zp = M,;if M, < 1then Zp = 1,0

Helical

<)

gears with eg > 1

(49)

Zg

Helical

4

d)
Zg and
Zg = |
Zp = |

If ZB or ZD
stress at th

The metho
pitch point
at the adjad
lation betw

and those Ielical gears with e > 1.

6.3 Zone

The zone f
transforms

Zy X

6.4 Elast

The elastic

ZD =1
gears with eg < 1

Zp are determined by linear interpolation between the values for spur and helical gearing

Wl—EB(M]_—l),ZB>1

WZ_GB(MZ_]-) ZD>1
is set to unity, the contact stresses calculated using equations (43) or (44) are the values f
e pitch cylinder.

Hs in 6.2 apply to the calculation of contact stress when the pitch point lies in the path of
(' is determinant and lies outside the path of contact; then Zg and/or Zp shall be determin
ent tip circle. For helical gears when €3 is less than 1,0, Zg and Zp shall be determined by
ben the values (determined at the pitch point'\or-at the adjacent tip circle, as appropriate)

factor, Zy

hctor, Zy, accounts for the influence on Hertzian pressure of tooth flank curvature at the p
the tangential force at the reference cylinder to normal force at the pitch cylinder.

2 cos [Bp COS Qyy

cos 2 oy sin agn

city factar)' Zg

ty factor, Zg, takes into account the influences of the material properties £ (modulus of el

ith €5 > 1.

(50)

or the contact

contact. If the
ed for contact
inear interpo-
or spur gears

itch point and

(51)

hsticity) and v

(Poisson's fatj0) on the contact stress. For materials listed in Table 2:
Zg = 189,8 (52)
© 1SO 2000 — All rights reserved 19
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6.5 Contact ratio factor, Z,

6.5.1 General

The contact ratio factor, Z,, accounts for the influence of the transverse contact and overlap ratios on the surface
load capacity of cylindrical gears.

a) Spur gears:

[4 — €,
Ze = 3 (53)

The consgrvative value of Z, = 1,0 may be chosen for spur gears having a contact ratio lessthan 2,0.

b) Helical gefrs:

If eg < 1then
4 —€ €
Zez\/— @ (1—eg)+ 2 (54)
3 €a
If eg = 1 then

Z = \ﬂl— (55)

6.5.2 Transvgrse contact ratio, €,

€a = Yo/ Dot (56)

with a path lepgth of contact

1 .
g0 = \/dgl —d2, i\/diz ~ dﬁz) — @ sin quy (57)

and transverse base piteh

Dot = My COS '@&; (58)

The positive sign is used for exiernal gears, the negative for internal gears.

Equation (57) is only valid if the path of contact is effectively limited by the tip circle of the pinion and the wheel and
not, for example, by undercut tooth profiles.

6.5.3 Overlap ratio, €3

__bsinp

™M,

€3 (59)

See 6.1.2 for definition of facewidth.
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6.6 Helix angle factor, Zg

The helix angle factor, Zg, takes account of the influence on surface stress of the helix angle.
Zg = +/cos 3 (60)

6.7 Allowable stress numbers (contact), oOHjim

ISO 6336-5 provides information on commonly used gear materials, methods of heat treatment, and the influence of
gear quality on values for allowable stress numbers, oy i, derived from test results of standard reference test gears.

Also see 130 6336-5 for requirements concerning material and heat treatment for qualities ML;MQJ| ME and MX.
Material quiality MQ is a minimum quality standard required for high speed gears, unless otherwise agfeed.

6.8 Influgnces on lubrication film formation, , Z, afgd ZR

6.8.1 Genjeral

As describgd in ISO 6336-2, Z, accounts for the influence of nominal viscosity of the lubricant, Z, fof the influence
of tooth-flapk velocities and Zg for the influence of surface roughness on'the formation of the lubricant fjlm in the con-
tact zone. Method B of ISO 6336-2:1996 is used in this International Standard.

Factors shall be determined for the softer material when the hardnesses of meshing gears are different.

6.8.2 Lubticant factor, Z,

4(10-C 4(10,—C
Zy =z + (—SOZLE =Cz + (—134ZL)2 (61)
(1,2 + I/_50> <1,2 + V_40)
a) If oy jim| < 850 N/mm?, then:
Cz =|0,83 (62)

b) If 850 N/mm? < 0y jim /< 2200 N/mm?, then:

OH lim
Cy = 10,635 7 63
24375 (€3)

c) If oy jim|>4.200 N/mm?, then:

Cz =091 (64)
Alternatively, one can use:

ZL=Cz+4(1-Cz) 1
where

v =1/ (1,2 + 80/vg )’

using viscosity parameters v from Table 4.
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Table 4 — Viscosity parameters

ISO viscosity class VG 322 |VG 462 |VG 682 |VG 100 |VG 150 VG 220 |VG 320
- Vao mm2/s| 32 46 68 100 150 220 320
Nominal viscosity 5
Vso mm-</s 21 30 43 61 89 125 180
Viscosity parameter 1z — 0,040 | 0,067 | 0,107 | 0,158 | 0,227 | 0,295 | 0,370
& Only for high speed transmission.
6.8.3 Velocity factor, Z,1V
2(1,0—-C
Z,=Cz) + (—32) (65)
\/0.8+ 22
with
Czy = ClpL + 0,02 (66)
for C'z, see ¢quations (62) to (64).
6.8.4 Roughpess factor, Zg
6.8.4.1 Calctlation of Zg
3 Czr
7o = | 49— 67
= (1) )
or alternatively
c
g _ 1,293a1/% \ " (©8)
R™ \ Rz + Rz
6.8.4.2 Roughness values
Ry + Rz
Ry ="~ (69)
2
Rz, , is meadured onseveral tooth flanks!?): 13)
where
/10
RZ]_O = Rz 3 (70)
Pred

11) Alternatively: Z, = Cz, 4+ 2 (1 — Cz,) ,; where the velocity parameter, v, = 1/[0,8 + (32/v)]*°.

12) The mean roughnesses Rz; (pinion flank) and Rz, (wheel flank) should be determined for their surface condition after
manufacture, including any running-in treatment, planned as a manufacturing, commissioning or in-service process, when it is

safe to assume

that it will take place.

13) If the stated roughness is an Ra value (= CLA value) (= AA value), the following approximation may be used to convert:

Ra =CLA=AA=Rz/6

22
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Pred =

where

P12 =

(also for int

ISO 9084:2000(E)

P1P2
p1+ P2

0,5 dp1 » tan auy

ernal gears, d, has a negative sign)

6.8.4.3 Material dependent index, C'zr

(71)

(72)

a) If oniim
Czr =
b) If 850 N
Czr =

c) Ifonim

Czr 5

6.9 Work

As describg
meshing a
more) hard

this International Standard). Method B of ISO 6336-2:1996 is applied, as follows:

if HB < 13

if HB > 47

ZW:

< 850 N/mm? then:

0,15

/Imm? < oy iim < 1200 N/mm? then:

0,32 — 0,000 2 oy
> 1 200 N/mm? then:

0,08

hardening factor, Zw

bd in 1ISO 6336-2, the work hardening factor Zyy, takés account of the increased surface dy
steel wheel (structural steel, through-hardened-steel) with a pinion which is significantly
er than the wheel and with smooth tooth flanks, (22 < 6 um, otherwise effects of wear are 1

D then
.2

B < 470 then

HB — 130
|2 — —
1700
D then
|,0

(73)

(74)

(73)

rability due to
~ 200 HV or
ot covered by

(76)

(77)

(78)

where HB iSThe Brinell hardness of the tooth ilanks of the soiter gear of the palr.

6.10 Size factor, Zx

By means of Zy, account is taken of statistical evidence indicating that the stress levels at which fatigue damage
occurs decrease with an increase of component size (larger number of weak points in structure), as a consequence
of the influence on subsurface defects of the smaller stress gradients which occur (theoretical stress analysis) and
the influence of size on material quality (effect on forging process, variations in structure, etc.). Important influence
parameters are:

a) material quality (furnace charge, cleanliness, forging);

b) heat treatment, depth of hardening, distribution of hardening;

© ISO 2000 -

All rights reserved
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c)

radius of flank curvature;

d) module: in the case of surface hardening; depth of hardened layer relative to the size of teeth (core supporting-

effect).

For through-hardened gears and for surface-hardened gears with adequate case depth relative to tooth size and ra-
dius of relative curvature, the size factor, Zx, is taken to be 1,0.

7 Calculation of tooth bending strength

7.1 Basicf

roarlan

7.1.1 General

As described
stress for the

The actual to
and wheel; oy

7.1.2 Deternpination of tooth root stress,

In this International Standard, Method B of ISO 6336-3:1996 is used.

Tooth root strg
OrF = OFo

with

b
Or0 = 7
FO b

The total tang
path gear trai
and manufact
adjust the ave

When the fac

of its teeth shall be based on the smaller facewidth plus a length, not exceeding one module of any extens

end. However
the smaller fa

TTTTIooT

in ISO 6336-3, the maximum tensile stress at the tooth-root, may not exceedhe’permissi
material. This is the basis for rating the bending strength of gear teeth.

th-root stress o and the permissible bending stress ogp shall be calculated separately fo
shall be less than ogp.

OF

bSs o is calculated as follows:

Ki K, KF,B Keo < 0pp

L

R AAY
n

ential load in the case(of,gear trains with multiple transmission paths, planetary gear syste
hs is not quite evenly distributed over the individual meshes (depending on design, tange
iring accuracy). This is to be taken into consideration by substituting K K for K, in equg
rage tangentialNoad per mesh as necessary; see clause 5.

bwidth b.(for'a double helical gear b = 2 bg) is larger than that of its mating gear, the bendi

if itlis{foreseen that because of crowning or end relief, contact does not extend to the end g

ble bending

I the pinion

(79)

(80)

ms, or split-
ntial speed
ition (79) to

hg strength
ion at each
f face, then

céwidth shall be used for both pinion and wheel. b is the facewidth at the root cylinder of th¢

b gear.

7.1.3 Determination of permissible tooth root stress,

Equation (81)

e — OFe
FP=a
SFmin

OFp
shall be used for the determination of the permissible tooth root stress:

OFG

SFmin

Y;SreIT YRreITI/X =

(81)

According to 1ISO 6336-3, the values of 0 im and o are validated for N, = 3 x 10° load cycles. This number is
likely to be exceeded in the life of a high speed gear. However, values of ogp derived from equation (81) may be used,
given optimum conditions, material, manufacturing and experience, otherwise the values shall be substituted as
OFrpref IN €quation (82). Also see ISO 6336-3:1996, 4.2.
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orp = 0,92 0pp (

NOTE This

7.1.4 Safe

ISO 9084:2000(E)

1010
N

OFG

0,02
) SFmin

equation is not in ISO 6336-3 but can be deduced from Figure 36 of ISO 6336-3:1996.

ty factor for bending strength, St

The factor Sk shall be calculated from the following equation:

OFG
SF = Z SF min

P
Sk is calculated separately for the pinion and wheel, with o calculated in accordance with equation
appropriatd, and o from equation (79).
More information on safety factors and probability of failure can be found in ISO 6336-1;1996, 4.3.
7.2 Formfactor, Yg
7.2.1 Gengral
Y is the factor by means of which the influence of tooth form on nominal' bending stress is taken into
relevant to ppplication of load at the outer limit of single pair tooth contact (Method B of ISO 6336-3:19
Values of Y are determined for spur gears and the virtual spurgears of helical gears. Virtual spur g
virtual numper of teeth z,,. See 7.2.4 for calculation of z,, and:other virtual gear parameters.
Y: shall be|determined separately for the wheel and pinion from the following equation:

6

nh{e COS Qlpen

n
}/;: = ] s 2
F

W:) cos o
The relatiopships given below apply for all involute basic rack profiles, with or without undercut, howev
lowing restrictions:
a) the 309 tangents contact(the tooth-root curve generated by the generating basic rack profile;
b) the generating basicfack has a root radius pp > O;
c) the gedr teeth are'generated using a rack type tool.

© ISO 2000 -

All rights reserved
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81) or (82) as

hccount. Yk is
96).

ears have the

(84)

br with the fol-
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7.2.2 Param

Firstly determ
T
E=-
4
with

Spr = pr—

Spr = 0 when

G =P
my
2
H==
Zn

Next, use GG 8

my, (/&) | my, (/) |
s R v |

)\ | « |

\ 9 | e |

\ pr !

4;& \ S | _,;“E |

\ !

. :

\ Tt I

+ | +1

a) With undercut b) “Without undercut

Figure 1 — Dimensions and basic rack profile of the teeth (finished profile)

bters required for the determination of ~ Yp
ne the auxiliary values F, G and H for equation (84);

Prp
c0S Oy,

Spr
COS (i

n — hep tan o +

— (1 —sinay,)

1

gears are not undercut.

h

mn

T FE T
2 T 3

nd”H ‘together with 6 = 7T/6 as a seed value (on the right-hand side) in equation (88).

2
HZG

Zn

tan — H

(89)

(86)

(87)

(88)

Use the newly calculated value for € and apply equation (88) again. Continue using equation (88) until there is no sig-
nificant change in successive values of . Generally the function converges after two or three iterations. Use this final
value of € in equations (89), (90) and (94).

Tooth root normal chord sgp:

SFn
- = Zn
mn

26

sin <g—9>+\/§<%—@>

cosf m,

(89)
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Radius of root fillet pg:

PE
mp

2G?
cos 0 (z, cos? 0 — 2@G)

Prp
M

Bending moment arm Age:

(e, = arccos (

dbn

)

O + 21 tan A
TOH <t -6

en

(90)

(91)

Ye

Qpen =

hree

mn

7.2.3 Inte
It is assum
form factor
it would ge

= NV ay — iNV Qen
Zn

0,57 + 2x tan «,

Zn

Qgn — Ve = tan aen — iV o, —

G _pme
cos 6 «m;

|

bd that the value of the form factor of a special rack may ‘be substituted as an approximat
of an internal gear. The profile of such a rack should be-a version of the basic rack profile, sq
herate the normal profile, including tip and root circles, of an exact counterpart gear of the

d T
0,5 | (oS Ve — Sin Ve tan Qtpen) —~ — 2y COS (_ _ 9) _
M 3

nal gearing

The tip loadq angle is .

The values

to be used in equation (84) are determined as follows.

Tooth root pormal chord Sgp»:

(92)

(93)

(94)

e value of the
modified that
internal gear.

(99)

(96)

s T hipy — —s T
F2 |, {_ 1 P2 — P2 tan a4 Psp2 pr P2 _}
mn 4 mn mn COoSs an mn
Bending mpment arm Agey:
h den — d i3 h deno — d T
Fe2 _| Qen2 2 T i P2 Cen2 2 ) ton ay| tan oy — Pir2 (1 _sin _)
mp 2mp 4 mp 2mp mp 6
with
den,  to e derived from equation (108) with parameters having 2 added to subscripts
dmo 1o be derived in the same way as d,, [equation (107); note that diny — dip = dpno — d>].
Obtain hp, from equation (97); refer to equation (98) and related information for pep;.
dnz - dfn2
hipp = ——
fP2 2
Cp hiz — hng dnre — dp
Pip2 = =

1—sina, 1-sina, 2(1—sinay)

(97)

(98)

where dys, represents the diameter of a circle near the tooth root, containing limits of the usable flanks of an internal

gear.

© ISO 2000 -
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Root fillet radius pg;:

When the root fillet radius is known, it is to be used. When it is not known, the following approximation may be used:

pr2 = 0,15 M, (99)
Ensure that the correct sign is used; (see footnote a in Table 1).
7.2.4 Parameters for virtual gears
/ 2
By = arcdos \/ 1 —(sin 5 cos o) = arcsin (sin 3 cos o) (100)
2= —F—— 101
" cosf B, cos 3 (101)
Approximation:
4 (102)
Zn N ——
" cosf B
€an = ¥ 103
an co ;2 ﬂb ( )
d
dy = —F— = my 2, (104)
cosf Gy
Pon = TN (105)
dyn, = d, Fos o, (106)
daw =do - dy — d (107)
2 2 2 2
3 dan dpr, 7 d cos (3 cos ay dpn
den =2+ — | =) - €an — 1 + [ — 108
The number 7 is positive for'external gears and negative for internal gears (see footnote a in Table 1).
7.3 Stress ¢orrection factor, Ys

The stress correction factors Ys is used to convert the nominal bending stress to local tooth root stress. Y5 shall be
determined separately for the pinion and wheel.

Ys = (1,24 0,13 L) g 1/ (221+23/L)] (109)
where
L= ? (110)
Fe
a= ; (111)
F

28
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with
Skn is taken from equation (89) for external gears;
SkEn is taken from equation (95) for internal gears;

Ree is taken from equation (94) for external gears;

Ree is taken from equation (96) for internal gears;

ISO 9084:2000(E)

PE is taken from equation (90) for external gears;
PF is t:liken from equations (98) and (99) for internal gears.
7.4 Helixangle factor, Yj

The tooth-r
tor Y to th

taken into gccount (lower tooth-root stress).

If g > 1 and 5 < 30° then

Yy=1

B
120°

If g > 1 amd 3 > 30° then

75

If g < 1aphd 8 < 30° then

_E JE—
% 120°

If g < 1and 3 > 30° then

— 0,25 ¢5

7.5 Tooth-root referefice strength, ofe

ISO 6336-5
for heat tre

Dot stress of a virtual spur gear, calculated as a preliminary value, is converted by means of the helix fac-
ht of the corresponding helical gear. By this means, the oblique orientation_of the lines of mesh contact is

(112)

(113)

(114)

(115)

provides'information on values of o im and ore for the more popular gear materials. The|requirements
htment processes and material quality for quality grades ML, MQ and ME are also included]

The quality MQ is a minimum quality standard required for high speed gears unless otherwise agreed. Method B
from ISO 6336-3:1996 is used in this International Standard.

7.6 Relative notch sensitivity factor,  Yj e

Yo 1 indicates, approximately, the overstress tolerance of the material in the root fillet region. In this International
Standard, Method C of ISO 6336-3:1996 is used.

— Ifgs =
— Ifgs <

The notch parameter, gs, may be obtained from equation (111).

© ISO 2000 -
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7.7 Relative surface factor, YgrelT

7.7.1 General

The surface factor, Yr e 1, accounts for the influence on tooth-root stress of the surface condition in the tooth-roots.

Primarily, this

is dependent on surface roughness in the tooth-root fillets.

The influence of surface condition on tooth-root bending strength does not depend solely on the surface roughness
in the tooth-root fillets, but also on the size and shape (the problem of 'notches within a notch'). This subject has not
to date been sufficiently well studied for it to be taken into account in this International Standard. The method applied

here is only v

NOTE 2 X R

Besides surfg

stresses (sho
fectly shaped

boundary oxid

alid when scratches or similar defects deeper than 2 x Rz are not present.

E is a preliminary estimated value.

stituted for Ygl ;e 7.

In this International Standard, Method C of ISO 6336-3:1996 is used.

772 Yart

for limited life, reference and long life stresses

a) For all maerials, if Rz < 1 um then:

YR rel T —
b) ForV, Eh
YR rel T —
c) For NT, N
YR rel T —
7.8 Size fa

Yy is used to
— the probal

— the stress|

1,0
and IF gears, if Rz > 1 um then:
1,674 — 0,529 (Rz + 1)

V gears, if Rz > 1 um then:

4,299 — 3,259 (Rz + 1)°%°

tor, Yy

pllow for the influence of size on:
ble distributign of weak points in the material structure;

gradients, which in materials theory decrease with increasing dimensions;

— material quality;

ce texture, other influences on tooth bending strength are known and include: residual ¢
peening), grain boundary oxidation, chemical effects etc. When fillets are shot-peénhed and
a value slightly greater than that obtained from the graph should be substituted-for Yy e 7.
ation or chemical effects are present, a smaller value than that indicated-by the graph sho|

bmpressive
or are per-
When grain
uld be sub-

(116)

(117)

(118)

— as regards quality of forging, presence of defects, etc.

Method B of ISO 6336-3:1996 is used in this International Standard.

a) ForV gears:

Yy = 1,03 — 0,006 m,

with the restriction: 0,85 < Yx < 1,0
b) For Eh, IF, NT, NV gears:

Yy = 1,05 — 0,01 m,,

with the restriction: 0,80 < Yx < 1,0

30

(119)

(120)
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Annex A
(normative)
and

Tooth stiffness parameters Cry

A.1 General

A tooth stiffness parameter represents the requisite load over 1 mm facewidth, directed along the line of action?) to

produce in
tact.

Single stiffr
imum stiffn

of one tooth pair.

Mesh stiffn

Method B ¢

A.2 Sing

A.2.1 Calculation of ¢

meawith tha laad tha daformation amaountinata 1 oum of ona aor mara naire aof daviation fra
HE- e 0t tHEe-Geor OB ot gto=hrHo-oHe- O HHorepPanrS-Ot-aevaton—++e

ess ' is the maximum stiffness of a single pair of a spur gear teeth. It is approximately equ
bss of a tooth pair in single pair contact?). ¢’ for helical gears is the maximum stiffgess norn

PSS ¢ is the mean value of stiffness of all the teeth in a mesh.

f 1SO 6336-1:1996, used in this International Standard, is applicable in the range z; > x>

le stiffness ¢

> teeth in con-

al to the max-
al to the helix

For specifiq loading (F; Ka) /b > 100 N/mm:
¢ = 0B ¢y Cr Cg cos 3 (A1)
A.2.2 Theoretical single stiffness, () ¢y,
, |
Cth — _7 (A.Z)
g
where
' ¢ G (Cs 21) (C7 x2) 2 2
q :Cl+_+_+(C4IE1)+—+(CG$2)+—+(08$1)+(09$2) (AS)
Zn1 Zn2 Zn1 Zn2
Table A.1 — Constants for equation (A.3)
Cy C, Cs Cy Cs Cs o Cs Co
0,04723 | 0,15551 | 0,25791 | —0,006 35| —0,116 54 | —0,001 93 | —0,24188 | 0,00529 | 0,001 82

1) The tooth deflection may be determined approximately using F; (Fi., Fin, ...) instead of Fy;. Conversion from F; to Fy; (load
tangent to the base cylinder) is covered by the relevant factors, or the modifications resulting from this conversion may be ignored
when compared with other uncertainties (e.g. tolerances on the measured values).

2) ¢ at the outer limit of single pair tooth contact can be assumed to approximate the maximum value of single stiffness when

€y > 1,2.

© ISO 2000 -
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A.2.3 Gear blank factor, Cr
Cr = 1 for gears made from solid disc blanks.

For other gears:

Co—14 In (bs/b)

sy} (A.4)

Boundary conditions:

when bs /b < 0,2 substitute bs /b = 0,2
when bs /b > 1,2 substitute bs /b = 1,2

when sg/Im, < 1 substitute sg/s, = 1

See Figure Al for symbols.

A.2.4 Basidrack factor, Cpg
For the specifjed basic rack®, Cps = 1 (standard value)

For other basic racks, Cpp (different value) can be obtained from.ggquation (A.5)

csp = [LH#0,5(1,2 — hpp/my)] [1—0,02(20° — ap)] (A.5)

A.2.5 Additlonal information

a) Internal ggaring: approximate values of the‘theoretical single stiffnesses of internal gear teeth can be petermined
from equdtions (A.2), (A.3), by the substitution of infinity for z,.

b) Specific Iqading(F K ) /b < 100 Nihm

(A.6)

FK 0,25
¢ =08d), Cr Cgcos 3 [ : A}

100 b

c) The abovg is based.on steel gear pairs; for other materials and material combinations, refer to ISO 6336-1:1996,
clause 9.

A.2.6 Mesh stiffness, ¢y
For spur gears with €, > 1,2 and helical gears with 3 < 30°, the mesh stiffness is given by:

cy=¢ (0,75 €, + 0,25) (A7)
with ¢’ according to equation (A.1).

3) Series progression for gears with basic rack profile: ap = 20°, hap = M, hip = 1,2 m,, and pre = 0,2 m,; equations (A.2)
and (A.3) apply for the range x; = x,; —0,5 < x1 + x> < 2,0. Deviations of actual values from calculated values in the range
100 < Fii/b < 1600 N/mm are between +5 % and —8 %.
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o
1,05
1 guu
= | |/
LA T
- /:/’,;ﬁ / [
A
0,95 5 — 7 , ,

A A b =bs= 40 -
| sr/m =5 // l/ // ;
=l . . / | _ (-

0,9 » /, pd | m = 107
ARy 4 1 H
o '/, | L
| 34 ,/ v + L
0,85 / =
pd L
/
| W.i -
2 # / //r u
0,8 15 7 —
'I -
/ l
/ /! L]
0,75 / b =140
)4 i m=10
7w A N
07 A |
; ' 10
0,65 ;ﬁ o
b, =10 &
0,6 ) (1
0,55
0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1 11 1,2
b./p
Figure A.1] —AWheel blank factor, (umean values for mating gears of similar or stiffer wheel blank dsign
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Annex B
(normative)

Special features of less common gear designs

B.1 Dynamic factor Kfor planetary gears

B.1.1 General

In gear trains
there are sevq
which has onl

Although valy
reliable, neve

should be re-gssessed using a more accurate procedure.

Method A of |
ISO 6336-1:1

B.1.2 Calcu

Refer to 5.6.2

B.1.3 Reso

The resonand
ISO 6336-1:1

a) Pinion shaft diameter about equal te-diameter at mid-tooth depth dy,,

The high {
onance sf

which include multiple mesh gears such as idler gears and in epicyclic gearing, planetiand
bral natural frequencies. These can be higher or lower than the natural frequency ofla-sing
y one mesh.

es of K, determined using the formulae in this International Standard,.shall be considg
Ftheless they can be useful as preliminary assessments. It is recommended that, if po

SO 6336-1:1996 is preferred for the analysis of less common_ transmission designs. Refer
D96 for further information.

lation of the relative mass of a gear pair with external teeth

hance speed determination for less.common gear designs

e speed determination for less common gear designs should be made with the use of M
D96. However, other methods may-be used to approximate the effects. Some examples are

orsional stiffness of the-pinion shaft is to a great extent compensated by the shaft mass. TH
eed can be calculated in the normal way, using the mass of the pinion (toothed portion) and

sun gears,
e gear pair

red as un-
5sible, they

to 6.1.1 of

ethod A of
as follows.

us the res-
the normal

mesh stiffness c..
b) Two rigidly connectedj/coaxial gears
The massg| of thelarger of the connected gears is to be included.
c) One largelwheel driven by two pinions
As the mass of the wheel is normally much greater than the masses of the pinions, each mesh can be considered
separately, i.e.:
— as a pair comprising the first pinion and the wheel;
— as a pair comprising the second pinion and the wheel.
d) Planetary gears
Because of the many transmission paths which include stiffnesses other than mesh stiffness, the vibratory be-
haviour of planetary gears is very complex. Thus factors derived from simple formulae are generally inaccurate
and values obtained from the method in this International Standard should be verified by means of a subsequent
34 ©1S0 2000 — All ri
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